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This book is dedicated to all the patients whose images we have used to illustrate MR findings. 

I hope that the MR studies offered positive impact on their lives. Furthermore, I hope that 

many, many more patients worldwide will benefit from the knowledge conferred to their 

physicians by the information contained herein. 

— Richard Semelka 




Christ seated, disputing with the doctors. Etching, 1654. Rembrandt. This etching 
describes evolution in human thought. New individuals challenge prevailing wisdom, 
and the end result is the improvement of the human condition. 




, 



Christ driving the money-changers from the temple. Etching, 1635. Rembrandt. 
This etching describes the necessity of being ever vigilant against the excesses of greed. 
We must constantly challenge ourselves and others that this is not a prime motivation 
for conduct. 
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PREFACE 



uch change has occurred in imaging since the 
writing of the previous edition of this work. The 
entity of nephrogenic systemic fibrosis (NSF) has been 
identified and its association with gadolinium-based 
contrast agents (GBCAs), especially the linear nonionic 
agents, has been recognized. Further recognition by 
the main-stream radiological community of the detri- 
mental nature of excessive medical radiation, that may 
result in malignancy, and contrast-induced-nephropathy 
related to the use of iodine-based contrast agents 
(IBCAs) have simultaneously occurred. These lapses in 
attention on the subject of safety by the radiology com- 
munity serve to remind ourselves of our duty to patients 
of Primum Non Nocere, emphasizing the age-old 
wisdom of "everything in moderation" and the impor- 
tance of being ever vigilant when it comes to patient 
welfare. Positive steps have been taken by individual 
radiologists and radiological societies and equipment 
manufacturers to lessen the potential harmful effects of 
what we have previously assumed to be innocuous 
imaging studies. Almost all centers have adopted a 
restrictive GBCA policy that has largely vanquished NSF, 
and will progressively make the elimination of this 
condition complete. Policies and programs related to 
medical radiation, currently foremost amongst them 
being the Image Gently campaign, a program designed 
to minimize the amount of radiation sustained by pedi- 
atric patients in imaging studies, and operated as a joint 
venture between many of the large radiology societies, 
have been developed and instituted. 

At the same time, positive advances in MRI have 
occurred. These include the more widespread adoption 
and development of 3 T MRI to study diseases of the 
chest, abdomen and pelvis. 3T possesses higher signal- 
to-noise, greater image quality especially with 3D- 
gradient echo imaging, greater sensitivity to GBCA 
enhancement, and thinner section acquisition. This has 
allowed further expansion of MRI into more applica- 
tions in torso imaging. 

In recognition of these changes in the imaging 
terrain, this current edition addresses many of these 
above mentioned issues and advances. A new chapter 
on Contrast Agents is included to address the use of MR 
contrast agents, but also describes GBCA and IBCA 



issues and safe practice. New chapters on Fetus and 
Pediatric imaging draw attention to the capacity of MRI 
to accurately investigate young subjects, to ameliorate 
the problems with excess medical radiation in this 
group, who are the most sensitive to radiation damage. 
Breast imaging has also come of age and is included as 
a new chapter in this work. Additionally, many of the 
new images throughout the book are 3T images, empha- 
sizing the high image quality provided at ultrahigh field 
strength, and illustrating its growing importance. 

Despite all these changes, the principles of this 
book remain unchanged. The emphasis remains on 
short duration imaging studies that combine compre- 
hensive information and consistent image quality. The 
major step to widespread implementation of MRI in 
replacement of other modalities, remains reproducibility 
and generalizability of information acquired. MRI has to 
replicate CT images and studies need to be generated 
with comparable and not excessively longer duration, 
and image quality must be reliable and consistent, but 
with the addition of greater and more comprehensive 
information, and greater safety. Although we touch on 
new applications in Chapter 1, such as diffusion- 
weighted imaging and MR elastography, at present I do 
not consider their roles established in main-stream MRI 
practice, paying attention to the above mentioned prin- 
ciples, and I recommend that at present their use be 
restricted to research centers. This text again empha- 
sizes multiple examples of disease processes both rare 
and common, so that the reader has guidance on the 
appearances of virtually all diseases processes in the 
abdomen, pelvis, chest and breast, to compare their 
own cases against. With all the advances in MRI, and 
perhaps despite the advances in CT, coupled with the 
recognition of the hazards intrinsic to CT, especially CT 
performed with multiple passes of the torso, this work 
aims to show that much of imaging of these areas can 
be performed with MRI, by virtue of the depth and 
breadth of disease processes that can be evaluated well. 
In many organ systems, as this book reveals, MRI per- 
forms extremely well at diagnosing most disease enti- 
ties, and outperforms CT in many areas, notably the 
liver. MRI may be the best tool to evaluate cancers in 
most of the organs described in this text, and much of 
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the inflammatory diseases. CT remains dominant for 
major trauma, diffuse lung parenchymal diseases, and 
renal stone diseases. What remains exciting is that 
despite the comprehensiveness of this work, it is not 
the omega work of MRI. We anticipate further exciting 
advances that may further alter imaging management, 
perhaps especially, making inroads into more indica- 



tions in trauma. Those developments may need to wait 
for the future next edition. With further exciting advances 
we have to remain vigilant on the subject of safety, MRI 
is not an innocuous tool, and as we move to even 
higher field strengths, safety must be cautiously assessed. 

Richard Semelka, m.d. 
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DIAGNOSTIC APPROACH 

TO PROTOCOLING AND 

INTERPRETING MR STUDIES 

OF THE ABDOMEN AND PELVIS 



PUNEET SHARMA, DIEGO R. MARTIN, BRIAN M. DALE, 
BUSAKORN VACHIRANUBHAP, and RICHARD C. SEMELKA 



igh image quality, reproducibility of image 
quality, and good conspicuity of disease require 
the use of sequences that are robust and reliable and 
avoid artifacts [1-5]. Maximizing these principles to 
achieve high-quality diagnostic MR images usually 
requires the use of fast scanning techniques, with the 
overall intention of generating images with consistent 
image quality that demonstrate consistent display of 
disease processes. The important goal of shorter exami- 
nation time may also be achieved with the same prin- 
ciples that maximize diagnostic quality. With the 
decrease of imaging times for individual sequences, a 
variety of sequences may be employed to take advan- 
tage of the major strength of MRI, which is comprehen- 
sive information on disease processes. 

Respiration and bowel peristalsis are the major arti- 
facts that have lessened the reproducibility of MRI. 
Breathing-independent sequences and breath-hold 
sequences form the foundation of high-quality MRI 
studies of the abdomen. Breathing artifact is less prob- 
lematic in the pelvis and high-spatial and contrast-res- 
olution imaging have been the mainstay for maximizing 
image quality for pelvis studies. 



Disease conspicuity depends on the principle of 
maximizing the difference in signal intensities between 
diseased tissues and the background tissue. For disease 
processes situated within or adjacent to fat, this is 
readily performed by manipulating the signal intensity 
of fat, which can range from low to high in signal 
intensity on both Tl -weighted and T2-weighted images. 
For example, diseases that are low in signal intensity 
on Tl -weighted images, such as peritoneal fluid or 
retroperitoneal fibrosis, are most conspicuous on Tl- 
weighted sequences in which fat is high in signal inten- 
sity (i.e., sequences without fat suppression). Conversely, 
diseases that are high in signal intensity on Tl -weighted 
images, such as subacute blood or proteinaceous 
fluid, are more conspicuous if fat is rendered low in 
signal intensity with the use of fat suppression tech- 
niques. On T2 -weighted images, diseases that are low 
in signal intensity, such as fibrous tissue, are most 
conspicuous on sequences in which background fat is 
high in signal intensity, such as single-shot echo-train 
spin-echo sequences (fig. 1.1). Diseases that are moder- 
ate to high in signal intensity, such as lymphadenopathy 
or ascites, are most conspicuous on sequences in 
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to use for capillary phase imaging. The majority of focal 
mass lesions are best evaluated in the capillary phase 
of enhancement, particularly lesions that do not distort 
the margins of the organs in which they are located 
(e.g., focal liver, spleen, or pancreatic lesions). Images 
acquired 1.5-10min after contrast administration are in 
the interstitial phase of enhancement, with the optimal 
window being 2-5 min after contrast administration. 
Diseases that are superficially spreading or inflamma- 
tory in nature are generally well shown on interstitial 
phase images. The concomitant use of fat suppression 
serves to increase the conspicuity of disease processes 
characterized by increased enhancement on interstitial 
phase images including peritoneal metastases, cholan- 
giocarcinoma, ascending cholangitis, inflammatory 
bowel disease, and abscesses [7, 8]. 

The great majority of diseases can be characterized 
by defining their appearance on Tl, T2, and early and 
late postgadolinium images. Throughout this text the 
combination of these four parameters for the evaluation 
of abdomino-pelvic disease will be stressed. 
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(b) 

Fig. 1.1 Maximizing contrast between abnormal and 
background tissue. T2-weighted single-shot echo-train spin- 
echo, standard (a) and fat-suppressed (b) in a patient with mild 
pancreatitis. On the non-fat-suppressed image (a), the small- 
volume peripancreatic fluid is most clearly seen because back- 
ground fat is high signal and of comparable signal intensity. 
With application of fat suppression (b), fat is rendered dark 
and the small-volume fluid surrounding the pancreatic head 
and duodenum (arrows, b) is readily appreciated. 



which fat signal intensity is low, such as fat-suppressed 
sequences. 

Gadolinium chelate enhancement may be routinely 
useful since it provides at least two further imaging 
properties that facilitate detection and characterization 
of disease, specifically the pattern of blood delivery 
(i.e., capillary enhancement) and the size and/or rapid- 
ity of drainage of the interstitial space (i.e., interstitial 
enhancement) [6]. Capillary phase image acquisition is 
achieved by using a short-duration sequence initiated 
immediately after gadolinium injection. Two- or three- 
dimensional (2D or 3D) gradient echo sequences, per- 
formed as multisection acquisition, are an ideal sequence 



Tl-WEIGHTED SEQUENCES 

Tl -weighted sequences are routinely useful for investi- 
gating diseases of the abdomen, and they supplement 
T2-weighted images for investigating disease of the 
pelvis. The primary information that precontrast Tl- 
weighted images provide includes 1) information on 
abnormally increased fluid content or fibrous tissue 
content that appears low in signal intensity on Tl- 
weighted images and 2) information on the presence of 
subacute blood or concentrated protein, which are both 
high in signal intensity. Tl -weighted sequences obtained 
without fat suppression also demonstrate the presence 
of fat as high-signal-intensity tissue. The routine use of 
an additional fat attenuating technique permits reliable 
characterization of fatty lesions. 

In the abdomen and pelvis, gradient echo (GE) 
sequences including spoiled gradient echo (SGE) or 
three-dimensional gradient echo (3D-GE) sequences 
are preferred to spin-echo sequences. Gradient-echo 
sequences have a number of advantages: 

1. With GE sequences, Tl tissue contrast can be gener- 
ated similar to that of spin-echo sequences with 
much shorter scan times. The scan time reduction 
can be achieved either by exciting all required slices 
within one TR (multislice) or exciting one slice per 
very short TR (single slice). The spoiling in the SGE 
minimizes the influence of T2 weighting. 

2. The shorter scan time of GE sequences allows breath- 
hold imaging to minimize motion artifacts. Breath 
holding obviates other, often time-consuming, 
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methods of artifact reduction such as signal averag- 
ing and phase reordering. 

3. GE sequences allow chemical shift imaging for the 
detection of relatively small amounts of fat in organs 
(e.g., fatty infiltration of the liver) and lesions (e.g., 
adrenal adenomas, liver cell adenomas). In contrast, 
frequency-selective fat-suppression methods suppress 
the signal in tissues or lesions with larger amounts of 
fat like intraperitoneal fat or dermoid cysts. 

4. SGE, which is a two-dimensional (2D) technique, 
allows multislice imaging that acquires central 
k-space lines, which determine tissue contrast, of 
20-24 slices within 4-5 s. 3D-GE can also acquire 
central k-space lines volumetrically, in a segmented 
fashion within the early portion of data acquisition. 
These properties are useful to perform contrast- 
enhanced dynamic exams of the upper abdomen 
with distinct arterial, portal, and venous phases in 
breath hold times. 

5. Currently, 3D-GE sequences, in combination with 
robust segmented fat suppression techniques, over- 
lapping reconstruction, and in-plane as well as 
through-plane interpolation of the MR data, allow 
high-quality imaging with larger volume coverage in 
breath hold times. 3D-GE sequences can be obtained 
with sufficient anatomic coverage, very thin sections, 
and high spatial resolution matrices in scan times 
of only 15-20 s. 3D-GE is particularly suitable for 
dynamic contrast-enhanced MR imaging because of 
its excellent inherent fat suppression and sensitivity 
to enhanced tissues and abnormalities. The spatial 
resolution depends on matrix size, section thickness, 
and field of view (FOV). In 3D-SGE, the actual spatial 
resolution depends on the chosen FOV and is often 
different in three orthogonal dimensions: spatial res- 
olution,, = FOVyN x ; spatial resolution^ = FOVj/N y ; 
spatial resolution = section thickness. Currently, 
most of the 3D-GE sequences used for dynamic 
gadolinium-enhanced MR exams employ sequential 
k-space filling as opposed to the sequences with 
centric or elliptic-centric k-space filling used in MR 
angiography in most centers. The 3D-GE sequences 
with sequential k-space filling can be combined with 
segmented fat suppression techniques that result 
in very reliable and homogenous fat suppression 
without significant increase in scan time. These ben- 
eficial features, in combination with clinically viable 
acquisition breath hold times, makes 3D-GE the 
primary technique over 2D-SGE for dynamic con- 
trast-enhanced imaging of the abdomen and pelvis. 

Gradient Echo (GE) Sequences 

The most commonly used gradient echo sequences for 
routine abdominal imaging are SGE and 3D-GE sequences. 



SGE sequences are one of the most important and 
versatile sequences for studying abdominal disease. 
SGE sequences are two-dimensional sequences and can 
also be used as a single (breathing independent) or 
multiacquisition (breath hold) technique. They provide 
true Tl -weighted imaging and, with the use of phased- 
array multicoil imaging, may be used to replace longer- 
duration sequences such as Tl -weighted spin-echo (SE) 
sequence. Image parameters for breath-hold SGE 
sequences involve: 1) relatively long repetition time (TR) 
(approximately 150 ms) and 2) the shortest in-phase 
echo time (TE) (approximately 6.0ms at LOT, 4.4ms at 
1.5 T, 2.2ms at 3.0 T ), both to maximize signal-to-noise 
ratio and the number of sections that can be acquired 
in one multisection acquisition [2]. For routine Tl- 
weighted images, in-phase TE are preferable to the 
shorter out-of-phase echo times (4.0 ms at LOT and 
2.2ms at 1.5T, 1.1ms at 3.0T), to avoid both phase- 
cancellation artifact around the borders of organs and 
fat-water phase cancellation in tissues containing both 
fat and water protons. Flip angle should be approxi- 
mately 70-90° to maximize Tl-weighted information. 
With the body coil, the signal-to-noise ratio of 2D-SGE 
sequences is usually suboptimal, with section thickness 
less than 8 mm, whereas with the phased-array multi- 
coil, section thickness of 5 mm results in diagnostically 
adequate images. On new MRI machines, more than 22 
sections may be acquired in a 20-second breath hold. 

An important feature of multisection acquisition of 
SGE is that the central phase encoding steps (which 
determine the bulk signal in the image) are acquired 
over 6 s for both the entire data set and each individual 
section. The data acquisition, therefore, is sufficiently 
short to isolate a distinct phase of enhancement (e.g., 
hepatic arterial dominant phase), while at the same time 
the data acquisition of each individual section is suffi- 
ciently long to compensate for slight variations in patient 
cardiac output, peak lesion enhancement, and injection 
technique. 

In addition to its use as precontrast Tl-weighted 
images, SGE may be routinely used for capillary-phase 
image acquisition after gadolinium administration for 
investigation of the liver, spleen, pancreas, and kidneys. 

In single-shot techniques, all of the k-space lines 
for one slice are acquired before acquiring the lines for 
another slice, that is, in sequential rather than inter- 
leaved fashion. SGE may be modified to a single-shot 
technique, by minimizing TR, to achieve breathing- 
independent images for noncooperative patients. 

GE sequences can be performed as a 3D acquisi- 
tion, which can be used both for volumetric imaging of 
organs such as the liver and for pre- and postgadolin- 
ium administration. 

A 3D-GE sequence is typically performed with 
minimum TR and TE and a flip angle between 10° and 
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15°. The flip angle is related to the TR to maximize Tl 
signal. With a minimum TR, flip angle can also be rela- 
tively low and still achieve good Tl contrast. As TR and 
TE of these sequences have minimum values (TR < 5 ms 
and TE < 2.5 ms), the flip angle will mainly determine 
the contrast in the images. In 3D-GE, a volume of 
data is obtained rather than individual slices. There 
are several advantages of 3D versus 2D gradient echo 
sequences: 

1. Higher inherent signal-to-noise ratio (SNR) than 2D 
gradient echo sequences 

2. Higher in-plane resolution with larger matrices 
(>192 x >256) 

3. Contiguous, thinner sections for higher through- 
plane resolution, which facilitates reformats in other 
planes; thin sections are often possible because of 
interpolation of the MR data in the 2r-direction. 

4. Homogenous fat-suppression (most vendors apply 
segmented fat suppression, i.e., fat suppression pulse 
is applied after every nth k-space lines [n can typi- 
cally be up to 60-70]; this allows scan times that are 
still short enough to perform breath-hold imaging 
with fat suppression. 

5. The enhancement of vessels and tissues with gado- 
linium is more obvious because of the fat suppressed 
nature of the sequence. 

Gadolinium-enhanced 3D-GE sequences also are the 
most clinically effective techniques for MR angiography 
(MRA) of the body (see Chapter 10, Retroperitoneum 
and Body Wall). 

Fat-Suppressed Gradient Echo Sequences 

Fat-suppressed (FS) SGE sequences are routinely used 
as precontrast images for evaluating the pancreas and 
for the detection of subacute blood. Image parameters 
are similar to those for standard SGE; however, it is 
advantageous to employ a lower out-of-phase echo 
time (2.2-2.5 ms at 1.5 T), which benefits from additional 
fat-attenuating effects and also increases signal-to-noise 
ratio and the number of sections per acquisition. On 
state-of-the-art MRI machines, FS-SGE may acquire 22 
sections in a 20-s breath hold with reproducible uniform 
fat suppression. 

Fat-suppressed-SGE images are often used to 
acquire interstitial-phase gadolinium-enhanced images. 
The complementary roles of gadolinium enhancement, 
which generally increases the signal intensity of disease 
tissue, and fat suppression, which diminishes the com- 
peting high signal intensity of background fat, are par- 
ticularly effective at maximizing conspicuity of diseased 
tissue. The principle of maximizing signal difference 
between diseased tissue and background tissue is 
achieved in the majority of MRI examinations with this 



approach. Fat-suppressed 3D-GE sequences can also be 
routinely used for the acquisition of fat-suppressed pre- 
contrast Tl -weighted images. Although the contrast 
resolution of fat-suppressed 3D-GE is mildly lower com- 
pared to fat-suppressed SGE, the acquisition of thin 
sections with higher matrices is advantageous. 

If fat-suppressed-GE sequences cannot be per- 
formed on an MRI system, then fat-suppressed spin- 
echo sequences can be substituted, with little loss of 
diagnostic information. 

Out-of-Phase Gradient Echo Sequences 

Out-of-phase (opposed-phase) SGE images are useful 
for demonstrating diseased tissue in which fat and water 
protons are present within the same voxel. A TE of 
2.2ms is advisable at 1.5T, 4ms at LOT, and 1.1ms at 
3T. A TE of 6.6 ms is also out of phase at 1.5 T, but the 
shorter TE of 2.2 ms is preferable as more sections can 
be acquired per sequence acquisition, signal is higher, 
the sequence is more Tl -weighted, and in combination 
with a T2-weighted sequence, it is easier to distinguish 
fat and iron in the liver. At TE = 6.6 ms both fat and 
iron in the liver result in signal loss relative to the 
TE = 4.4ms in-phase sequence, while on TE = 2.2ms 
out-of-phase sequences fat is darker and iron is brighter 
relative to TE = 4.4 ms, facilitating their distinction (fig. 
1.2). At 3.0 T, the shortest in-phase and out-of-phase 
values are 2.2 ms and 1.1ms, respectively. It is challeng- 
ing to acquire the first echoes at these optimal in-phase 
and out-of-phase TE times due to gradient capabilities 
unless imaging bandwidth is increased, or highly asym- 
metric echoes are utilized in a single scan. With these 
adjustments, asymmetric TE values can achieve low in- 
phase (2.5 ms) and out-of-phase (1.58ms) echoes. These 
values vary depending on the vendor. When acquiring 
in-phase/out-of-phase GE sequences, it is essential to 
use an opposed-phase TE that is less than the in-phase 
TE. Additionally, it is also possible to acquire in-phase 
and out-of-phase 3D-GE sequences, although this tech- 
nique is still developing. 

The most common indications for an out-of-phase 
sequence are to detect the presence of fat within the 
liver and lipid within adrenal masses to characterize 
them as adenomas. Another useful feature is that the 
generation of a phase-cancellation artifact around high- 
signal-intensity masses, located in water-based tissues, 
confirms that these lesions are fatty. Examples of this 
include angiomyolipomas of the kidney and ovarian 
dermoids. In addition to out-of-phase effects, the differ- 
ent TE, for the out-of-phase sequence compared to the 
in-phase sequence, provides information on magnetic 
susceptibility effects that increase with increase in TE. 
This can be used to distinguish iron-containing struc- 
tures (e.g., surgical clips, Gamna-Gandy bodies in the 
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Fig. 1.2 Iron effects. Coronal T2-weighted single-shot echo- 
train spin-echo (a), TE = 4 ms in-phase (&), and TE = 2 ms out-of- 
phase (c) sequences. Iron in the reticuloendothelial system from 
transfusional siderosis results in low signal of the liver and spleen 
on T2-weighted images (a). The liver and spleen are low signal on 
the longer-TE in-phase sequence (b) and increase in signal on the 
shorter-TE out-of-phase (c) sequence, because of decreasing sus- 
ceptibility effects on the shorter-TE sequence. Note the excellent 
conspicuity of small liver cysts on the T2-weighted image (arrows, 
a). The high fluid content of cysts in a background of iron- 
deposited liver renders them very high in signal. On Tl-weighted 
images, the low signal of cysts results in no signal difference from 
liver on the TE = 4 ms in-phase sequence because of the concur- 
rent low signal of liver. On the TE = 2 ms sequence, liver becomes 
higher in signal and the cysts are visible (arrows, c). 



spleen) from nonmagnetic signal-void structures (e.g., 
calcium). To illustrate this point, the signal void suscep- 
tibility artifact from surgical clips increases in size, from 
a shorter TE (e.g., 2.2ms) out-of-phase sequence to a 
longer TE (e.g., 4.4ms) in-phase sequence, whereas the 
signal void from calcium remains unchanged. 

Magnetization-Prepared 

Rapid- Acquisition Gradient Echo 

(MP-RAGE) Sequences 

MP-RAGE sequences include turbo fast low-angle shot 
(turboFLASH). In 2D, multisection varieties, these tech- 
niques are generally performed as a single shot, with 
image acquisition duration of 1-2 s, which renders them 
relatively breathing independent. Magnetization prepa- 
ration is currently performed with a 180° inversion pulse 
to impart greater Tl-weighted information. The inver- 
sion pulse may be either slice or non-slice selective. 
Slice-selective means that only the tissue section that is 
being imaged experiences the inverting pulse, while 
non-slice-selective means that all the tissue in the bore 
of the magnet experiences the inverting pulse. The 



advantage of a non-slice-selective inversion pulse is that 
no time delay is required between acquisition of single 
sections in multiple single-section acquisition. A stack 
of single-section images can be acquired in a rapid 
fashion. This is important for dynamic gadolinium- 
enhanced studies. A non-slice-selective inversion pulse 
results in slightly better image quality, particularly 
because flowing blood is signal void (fig. 1.3). 
Approximately 3 s of tissue relaxation is required 
between acquisition of individual sections, which limits 
the usefulness of this sequence for dynamic gadolinium- 
enhanced acquisitions. Current versions of MP-RAGE 
are limited because of low signal-to-noise ratio, varying 
signal intensity and contrast between sections, unpre- 
dictable bounce-point boundary artifacts due to signal- 
nulling effects caused by the inverting 180° pulse, and 
unpredictable nulling of tissue enhanced with gado- 
linium. Research is ongoing to alleviate these problems 
with MP-RAGE so that it may assume a more important 
clinical role. Routine use of a high-quality MP-RAGE 
sequence would further increase the reproducibility of 
MR image quality by obviating the need for breath 
holding, particularly in patients unable to suspend 
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Fig. 1.3 Non-slice -selective 180° magnetization pre- 
pared gradient echo. A coronal image through the liver dem- 
onstrates good Tl weighting, evidenced by a moderately 
high-signal-intensity liver and moderately low-signal-intensity 
spleen. The infracardiac portion of the left lobe is artifact free. 
Blood vessels in the liver and the cardiac chambers are seen as 
signal void. 



respiration. 3.0 T MR imaging particularly improves the 
image quality of MP-RAGE sequences due to higher 
signal-to-noise ratio and greater spectral separation [9]. 



T2-WEIGHTED SEQUENCES 

The predominant information provided by T2-weighted 
sequences are 1) the presence of increased fluid in 
diseased tissue, which results in high signal intensity, 
2) the presence of chronic fibrotic tissue, which results 
in low signal intensity, and 3) the presence of iron 
deposition, which results in very low signal intensity. 

Echo-Train Spin-Echo Sequences 

Echo-train spin-echo (ETSE) sequences are termed fast 
spin-echo, turbo spin-echo, or rapid acquisition with 
relaxation enhancement (RARE) sequences. The prin- 
ciple of ETSE sequences is to summate multiple echoes 
within the same repetition time interval to decrease 
examination time, increase spatial resolution, or both. 
ETSE has achieved widespread use because of these 
advantages. Conventional T2 spin-echo sequences are 
lengthy and suffer from patient motion and increased 



examination time, factors that are lessened with ETSE. 
In addition, ETSE sequences allow higher matrices 
within relatively shorter acquisition times. One of the 
disadvantages of echo-train sequences is that T2 differ- 
ences between tissues are reduced, in part because of 
averaging of T2 echoes, which has the greatest effect 
of diminishing contrast between background organs 
and focal lesions with minimal T2 differences. This 
generally is not problematic in the pelvis because of the 
substantial differences in the T2 values between dis- 
eased and normal tissue. In the liver, however, the T2 
difference between diseased (solid tissue) and back- 
ground liver may be small and the T2-averaging effects 
of summated multiple echoes blur this T2 difference. 
These effects are most commonly observed with hepa- 
tocellular carcinoma. Fortunately, diseases with T2 
values similar to those of liver generally have longer Tl 
values than liver, so that lesions poorly visualized on 
ETSE are generally apparent on precontrast GE as low- 
signal lesions or on postgadolinium GE images as 
low- or high-signal lesions depending on enhancement 
features. 

ETSE, and T2-weighted sequences in general, are 
important for evaluating the liver and pelvis. T2- 
weighted sequences are often useful for the pancreas, 
in demonstrating the pancreatic and common bile ducts, 
evaluating cystic masses and pseudocysts, and detecting 
islet cell tumors. Breathing-independent single-shot T2- 
weighted sequences are useful for the investigation of 
bowel and peritoneum. Use of the single-shot technique 
for many applications of a T2 sequence is recom- 
mended, because the image quality is consistent, in 
large part because of the breathing-independent nature 
of these sequences. Although the detection of lesions 
with subtle T2 difference from background organ/tissue 
is compromised (e.g., hepatocellular carcinoma), the 
major role for T2-weighted sequences is to provide 
information on fluid content of disease processes for 
disease characterization. This information is reliably 
provided by single-shot echo-train spin-echo. 

Fat is high in signal intensity on ETSE sequences, 
in comparison to conventional spin-echo sequences in 
which fat is intermediate in signal intensity. The MR 
imaging determination of recurrent malignant disease 
versus fibrosis for pelvic malignancies illustrates this 
difference. Recurrent malignant disease in the pelvis 
(e.g., cervical, endometrial, bladder, or rectal cancer) 
generally appears high in signal intensity on conven- 
tional spin-echo sequences because of the higher signal 
intensity of the diseased tissue relative to the moder- 
ately low-signal-intensity fat. In contrast, fat is high in 
signal intensity on ETSE images, and recurrent disease 
will commonly appear relatively lower in signal inten- 
sity. The fact that abnormal tissue is not high signal on 
T2-weighted images relative to fat cannot be relied 
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upon to exclude recurrence. Caution must therefore be 
exercised not to misinterpret recurrent disease as fibrotic 
tissue, by making the assumption that recurrence is 
higher in signal intensity than background fat. Fat may 
also be problematic in the liver because fatty liver will 
be high in signal intensity on ETSE sequences, thereby 
diminishing contrast with the majority of liver lesions, 
which are generally high in signal intensity on T2- 
weighted images. It may be essential to use fat suppres- 
sion on T2-weighted ETSE sequences for liver imaging. 
Alternative fat-suppressed T2-weighted sequences for 
the liver such as echo-planar imaging have also been 
employed at some centers (further description is pro- 
vided in the 3T section of this chapter). 

ETSE sequences, acquired as contiguous thin 2D 
sections, as 3D thin sections, or as a thick 3D volume 
slab, form the basis for MR cholangiography (see 
Chapter 3, Gallbladder and Biliary System) and MR 
urography (see Chapter 9, Kidneys). The greatest 
concern with high-resolution 3D ETSE sequences is the 
significant increase in specific absorption rate (SAR). 
This is particularly relevant since most 3D implementa- 
tions must increase the echo-train length compared to 
2D varieties because of the added data that need to be 
acquired. Recently, newer MR systems, in combination 
with advances in gradient and software design, have 
allowed the development of efficient long echo-train 3D 
ETSE using variable flip angle refocusing pulses. 
Concerns of SAR are offset by using smaller (constant 
or variable) flip angles during data acquisition. With this 
strategy, T2 information can be maintained throughout 
the echo train, or used more effectively, for high-SNR 
imaging. Efficiency is further aided by implementing an 
additional "restore" pulse at the end of data collection 
to expedite magnetization recovery, allowing shorter 
TRs (-1200 ms) to be used for T2 imaging. These recent 
modifications to conventional 3D-ETSE imaging have 
made high-resolution isotropic (1mm 3 ) T2 imaging of 
the pelvis and biliary system feasible in a relatively short 
acquisition time (~5min). 

Single-Shot Echo-Train Spin-Echo 
Sequence 

Single-shot echo-train spin-echo sequence [e.g.,: half- 
Fourier acquisition single shot turbo spin-echo (HASTE), 
single-shot fast or turbo spin echo (SSFSE or SSTSE), or 
single-shot echo-train spin echo (SS-ETSE)] is a breath- 
ing-independent T2-weighted sequence that has had a 
substantial impact on abdominal imaging [3]. Typical 
imaging involves a 400-ms image acquisition time, in 
which k-space is completely filled using half-Fourier 
reconstruction. Shorter effective echo time (e.g., 60ms) 
is recommended for bowel-peritoneal disease, and 
longer effective echo time (e.g., 100ms and greater) is 



recommended for liver-biliary disease. Since the tech- 
nique is single shot, the echo train length is typically 
greater than 100 echoes, while the effective TR for one 
slice is infinite. A stack of sections should be acquired 
in single-section mode in one breath hold to avoid slice 
misregistration; however, the method lends itself to 
free-breathing application under uncooperative imaging 
circumstances. Recently, 3D versions of this technique 
have been implemented. Motion artifacts from respira- 
tion and bowel peristalsis are obviated; chemical-shift 
artifact is negligible; and susceptibility artifact from air 
in bowel, lungs, and other locations is minimized, such 
that bowel wall is clearly demonstrated. Similarly, sus- 
ceptibility artifact from metallic devices such as surgical 
clips or hip prostheses is minimal (fig. 1.4). All of these 
effects render SS-ETSE an attractive sequence for evalu- 
ating abdomino-pelvic disease. In patients with 
implanted metallic devices and extensive surgical clips, 
SS-ETSE is the sequence least affected by metal suscep- 
tibility artifact. 

Fat-Suppressed (FS) Echo-Train 
Spin-Echo Sequences 

Fat suppression in spin-echo sequences may be useful 
for investigating focal liver disease to attenuate the high 
signal intensity of fatty infiltration, if present. Fatty liver 
is high in signal intensity on ETSE, in particular single- 
shot versions, which lessens the conspicuity of high- 
signal-intensity liver lesions. Diminishing fat signal 
intensity with fat suppression accentuates the high 
signal intensity of focal liver lesions (fig. 1.5). FS SS- 
ETSE is also useful for evaluating the biliary tree. Fat 
suppression appears to diminish the image quality of 
bowel because of susceptibility artifact from air-bowel 
wall interface and is not recommended for bowel 
studies, although bowel-related extraluminal disease 
(such as appendical abscess) may be well shown with 
this technique. 

Fat suppression in ETSE is achieved through either 
spectral-selective or non-spectral-selective preparation 
pulses. Non-spectral-selective fat suppression, which is 
termed short- tau inversion recovery (STIR), is performed 
with a slice-selective inversion pulse timed to suppress 
the Tl of fat (TI = 150 ms at 1.5T). Since the pulse is 
broadband, both water and fat are magnetization pre- 
pared, resulting in suppression of fat signal, alteration 
of contrast from water signal, and depression of water 
signal from equilibrium. While fat signal is uniformly 
suppressed (given ideal inversion pulses and consistent 
Tl over the imaging FOV), the remaining soft tissue 
(water signal) has lower signal as a direct consequence 
of the inversion pulse. Since soft tissue in the abdomen 
has long Tl relative to fat, adequate SNR is still 
maintained. Although STIR is sensitive to nonuniform 
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Fig. 1.4 Metallic susceptibility artifact. SGE (a), Tl spin- 
echo (Tl-SE) (£>), and HASTE (c) images. Severe susceptibility arti- 
fact is present on the SGE image (a), with the result that the images 
of the liver are not interpretable. Tl-SE (b) is relatively resistant to 
image degradation by susceptibility artifact; however, substantial 
artifact still renders much of the liver uninterpretable. The HASTE 
image (c) is the least sensitive MR sequence, and less sensitive than 
CT imaging for artifacts generated by metallic devices. Only a small 
portion of the liver is not interpretable with HASTE (c). 






Fig. 1.5 Focal liver lesion in a fatty liver. Single-shot echo-train spin-echo (SS-ETSE) id) and fat-suppressed (FS)-SS-ETSE (b) 
images. The liver appears high in signal intensity on the SS-ETSE image (a) because of the presence of fatty liver. A focal liver lesion 
(focal nodular hyperplasia, arrow, a) is identified that is mildly lower in signal intensity than liver parenchyma. On the FS-SS-ETSE 
image (£>), the liver has decreased in signal intensity, and the liver lesion (arrow, b) now appears moderately high in signal intensity 
relative to liver. Good liver-spleen contrast is also apparent on the fat-suppressed image (£>), with no liver-spleen contrast on the 
nonsuppressed sequence (a). 



T2-WEIGHTED SEQUENCES 





Fig. 1.6 Echo-train STIR and SS-ETSE. Transverse echo-train STIR id) and coronal SS-ETSE (b) images in a patient with colon 
cancer liver metastases. A moderately high-signal-intensity metastasis is present in the left lobe of the liver on the echo-train STIR 
(arrow, a). Background fat is nulled. The liver metastasis is also shown on the coronal SS-ETSE image (arrow, b). Background fat is 
high in signal intensity. Variations in the signal intensity of the background fat provide differing contrast relationships. Comparison 
of axial STIR (c) and SPAIR (d) fat suppression on SS-ETSE. The bowel and kidneys are more defined on SPAIR because of the 
preservation of water signal. Region-of-interest measures (white circle, c, d) reveal a significant difference in soft tissue SNR and 
CNR (P < 0.01). 



inversion (due to Bl field effects), the method is well- 
accepted as a robust technique for fat suppression in 
the abdomen using spin echo-based sequences. As the 
sequence is fundamentally different from SS-ETSE, it 
may be useful to combine both short-duration sequences 
for the liver in place of longer, breathing- averaged ETSE 
(fig. 1.6). 

An alternate method of fat suppression involves 
spectral selection of fat resonances exclusively. 
Preparation pulses (inversion or saturation) can be 
spectrally tuned to fat signal, while avoiding undue 
suppression or alteration of water signal, as seen with 
STIR techniques. Conceptually, the technique is similar 
to STIR, in which magnetization (in this case, only fat) 
is prepared with an inversion pulse timed to suppress 
fat. Ideally, other soft tissue will remain unaffected, 



preserving high contrast-to-noise ratio. Since spectral fat 
suppression is frequency-specific, it is sensitive to spatial 
susceptibility, which creates an inhomogeneous mag- 
netic field. The water and fat resonances are not clearly 
delineated in this circumstance, causing fat-water fre- 
quency "overlap," and potentially a significant number 
of fat spins to be unsuppressed. This effect is also 
prevalent at the edges of the FOV, or any regions away 
from the magnet isocenter. 

Further improvement in uniform fat suppression 
can be achieved by incorporating adiabatic pulses, 
which are a specially designed class of RF pulses that 
provide Bl -insensitive spin nutation. Recently, spectral 
(fat)-selective adiabatic inversion pulses, termed 
"SPAIR," have been used in T2-weighted imaging of the 
abdomen [10]. The uniformity of fat suppression is more 
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robust than traditional spectral-selective techniques, 
making it the method of choice for liver and bowel 
imaging. Moreover, its inherent high CNR provides 
important diagnostic advantages over STIR, since soft 
tissue signal is preserved. The effects of inhomogeneous 
main magnetic field still pose challenges for SPAIR, due 
to spectral overlap. But the improved inversion profile 
and frequency cutoff of SPAIR alleviates the degree of 
poor fat suppression (fig. 1.6). Implementation of SPAIR 
fat suppression takes longer than its other counterparts, 
because of the longer pulse length required for the 
adiabatic condition. This may increase scan times for 
segmented T2 and Tl acquisitions. 

GADOLINIUM-ENHANCED 
Tl-WEIGHTED SEQUENCES 

Gadolinium contrast agent is most effective when it is 
administered as a rapid bolus, with imaging performed 
with Tl -weighted SGE or 3D-GE sequences obtained in 
a dynamic serial fashion. After the intravenous injection 
of gadolinium, a minimum of two postcontrast sequences 
are needed, one acquired in the hepatic arterial domi- 
nant phase, within 30 s of contrast administration, and 
the second in the hepatic venous or interstitial phase at 
approximately 2-5 min. For liver imaging, an intermedi- 
ate-timed third pass, termed portal venous or early 
hepatic venous, at lmin postcontrast, is useful as well 
[6]. Little additional information is provided if more than 
four sequences are acquired. Features of these phases 
of enhancement are as follows. 

Hepatic Arterial Dominant 
(Capillary) Phase 

The hepatic arterial dominant (capillary) phase is the 
single most important data set when using a nonspecific 
extracellular gadolinium chelate contrast agent [6]. This 
technique is essential for imaging the liver, spleen, and 
pancreas, and it provides useful information on the 
kidneys, adrenals, vessels, bladder, and uterus. The 
timing for this phase of enhancement is the only timing 
for postcontrast sequences that is crucial. It is essential 
to capture the "first pass" or capillary bed enhancement 
of tissues during this phase. Demonstration of gado- 
linium in hepatic arteries and portal veins and absence 
of gadolinium in hepatic veins are reliable landmarks 
(fig. 1.7). At this phase of enhancement, although 
contrast is present in portal veins, the majority of the 
gadolinium present in the liver has been delivered by 
hepatic arteries. The absolute volume of hepatic artery- 
delivered gadolinium is greater in this phase of enhance- 
ment than acquiring the data when gadolinium is only 
present in hepatic arteries; therefore, more hepatic arte- 




F i G . 1.7 Hepatic arterial dominant phase. Image dem- 
onstrates gadolinium in portals veins (short arrow) and lack of 
contrast in hepatic veins (long arrow). 



rial enhancement information is available. This is impor- 
tant since most focal liver lesions, especially metastases 
and hepatocellular carcinoma, are fed primarily by 
hepatic arteries. Imaging slightly earlier than this, when 
only hepatic arteries are opacified (hepatic arteries-only 
phase) may approach the diagnostic utility of the hepatic 
arterial dominant phase if the injection rate of contrast 
is very fast (e.g., 5ml/s) and data are acquired late in 
the hepatic arteries-only phase (within 1 or 2 s of gado- 
linium appearing in the portal veins). It is very difficult 
to achieve these objectives in the hepatic arteries-only 
phase, and it is also difficult to judge whether image 
acquisition is too early in this phase, when the liver is 
essentially unenhanced. Appropriate timing, as judged 
by vessel enhancement, also is important for the evalu- 
ation of surrounding organs. Too little pancreatic 
enhancement is consistent with pancreatic fibrosis or 
chronic pancreatitis, and too little enhancement of renal 
cortex may imply ischemic nephropathy or acute corti- 
cal necrosis. This can be reliably judged on hepatic 
arterial dominant phase images, because of the fixed 
landmarks of contrast in portal veins and absence in 
hepatic veins. In the hepatic arteries-only phase, minimal 
enhancement of pancreas or renal cortex may reflect 
too early image acquisition rather than disease process. 
Since this immediate postgadolinium phase of enhance- 
ment is also used to diagnose adequate perfusion of 
these organs, it is oxymoronic to use enhancement of 
these organs as the determination of the appropriate- 
ness of the phase of image acquisition timing. Although 
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enhancement of pancreas or renal cortex is used as 
ancillary information for assessment of timing, it is not 
the major determinant, since the extent of enhancement 
of these organs is also evaluated at this phase. In the 
liver, imaging too early in the hepatic arteries-only 
phase diminishes the ability to recognize the distinctive 
patterns of lesion enhancement for different lesion 
types, because the absolute volume of hepatic artery- 
delivered contrast may be too small and may cause 
lesions to be mischaracterized (fig. 1.8). 

On hepatic arterial dominant phase Tl -weighted 
SGE or 3D-GE images, various types of liver lesions 
have distinctive enhancement patterns: Cysts show lack 
of enhancement, hemangiomas show peripheral nodules 
of enhancement in a discontinuous ring, nonhemor- 
rhagic adenomas and focal nodular hyperplasia show 
intense uniform enhancement, metastases show ring 
enhancement, and hepatocellular carcinomas show 
diffuse heterogeneous enhancement. The ability to use 
this information to characterize lesions as small as 1 cm 
may be unique to MRI. Appearances of less common 
liver lesions on immediate postgadolinium images have 
also been reported, many of which show overlap with 
the above-described patterns of common liver lesions. 
To a somewhat lesser extent, appreciation of the capil- 
lary phase enhancement of lesions in the pancreas, 
spleen, and kidneys provides information on lesion 
characterization that will be described in the respective 
chapters of these organ systems. Clinical history is often 
important, despite the high diagnostic accuracy of 
current MRI imaging protocols. In addition, many dif- 
ferent histologic types of liver lesions when they 
measure less than 1 cm, demonstrate virtually identical 
uniform enhancement, for example, hemangiomas, ade- 
nomas, focal nodular hyperplasia, metastases, and 
hepatocellular carcinoma. Ancillary information to assist 
in characterization of lesions is crucial, which includes 
T2-weighted images that demonstrate lesion fluid 
content (e.g., high for hemangioma and often high for 
hypervascular metastases, and relatively low for 
adenoma, focal nodular hyperplasia, and hepatocellular 
carcinoma), appearance of other concomitant large 
lesions, and clinical history (e.g., history of known 
primary tumor that can result in hypervascular metasta- 
ses, such as gastrointestinal leiomyosarcoma). 

Various enhancement patterns of liver and other 
organ parenchyma are also demonstrated on hepatic 
arterial dominant phase images. One of the most 
common perfusion abnormalities observed in the liver 
is transient increased segmental enhancement in liver 
segments with compromised portal venous flow due to 
compression or thrombosis. Other hepatic diseases that 
demonstrate perfusion abnormalities on immediate 
postgadolinium images include Budd-Chiari syndrome, 
with different enhancement patterns for acute, sub- 



acute, and chronic disease, and severe acute hepatitis 
with hepatocellular injury. Perfusion abnormalities of 
the kidneys are also relatively common and are clearly 
shown on early- and late-phase gadolinium-enhanced 
images. 

Examination for liver metastases may be the most 
common indication for liver MR examination. Liver 
metastases have been classified as hypovascular (typical 
examples are colon cancer and transitional cell carci- 
noma) or hypervascular (typical examples are islet cell 
tumors, renal cell carcinoma, and breast cancer). A third 
category of vascularity has not been described well in 
the past and this is near-isovascular with liver. Near- 
isovascular refers to lesion enhancement that is very 
comparable to that of liver on early and late postgado- 
linium images. Near isovascularity is most readily appre- 
ciated when lesions are poorly seen on postgadolinium 
images but well seen on precontrast images (fig. 1.9). 
Liver metastases from primaries of colon, thyroid, and 
endometrium may show this type of enhancement 
pattern. The most common setting is postchemotherapy, 
although this may also be observed in untreated patients. 
Fortunately, many of these tumors are moderately low 
signal intensity on Tl -weighted images, rendering them 
readily apparent, and on occasion they may also be 
moderately high signal intensity on T2-weighted images. 
Rarely they may also be near isointense on Tl -weighted 
and T2-weighted images, and therefore can escape 
detection. The rarity of this occurrence illustrates one 
of the great strengths of MRI over sonography and 
computed tomography: The greater the number of 
distinctly different data sets that are acquired, the less 
likely it is for disease to escape detection. MRI has more 
acquisitions of different types of data than ultrasound 
or CT. 

Chemotherapy-treated liver metastases deserve 
special mention in that chemotherapy is routinely given 
to the majority of patients with liver metastases and 
chemotherapy alters the imaging features of metastases. 
Chemotherapy induces change in the signal intensity 
and imaging features of metastases such that they may 
resemble cysts, hemangiomas, or scar tissue [6]. As 
mentioned above, they may also become near isovas- 
cular on postgadolinium images. 

Portal Venous Phase or Early Hepatic 
Venous Phase 

This phase is acquired at 45-60 s after initiation of gado- 
linium injection. In this phase hepatic parenchyma is 
maximally enhanced so hypovascular lesions (cysts, 
hypovascular metastases, and scar tissue) are best 
shown as regions of lesser enhancement. Patency or 
thrombosis of hepatic vessels are also best shown in 
this phase. 





hepatic arterial 
dominant 




Fig. 1.8 Hepatic arteries-only, hepatic early arterial phase and hepatic arterial dominant phase. Images from a series 
of time-resolved 2D dynamic gadolinium-enhanced spoiled gradient echo with parallel imaging (parallel MRI acceleration factor 2; 
scan time of 7 s per image) in two different patients with a neuroendocrine metastasis (a, c, e) and with a pathology-proved hepa- 
tocellular carcinoma (HCC) in a noncirrhotic liver (b, d, /), respectively. Very early after the injection of gadolinium, only the 
arteries are visible (arrows in a and £>). In the following phase, little enhancement of the lesions is present (arrows in c and d). In 
the hepatic arterial dominant phase, optimal enhancement difference is visible between the liver and the lesions because of more 
enhancement of the lesions (solid arrows in e and/). Note also the enhancement of the portal vessels in this phase (open arrows 
in e and/). Data acquisition in the arterial phase provided better diagnostic information on the enhancement features of the two 
hepatic lesions. 
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Fig. 1.9 Near-isovascular liver metastases. SGE (a) and hepatic arterial phase gadolinium-enhanced SGE (b) images. In this 
patient with liver metastases who is at 9 months after initiation of chemotherapy, liver metastases are clearly shown on noncontrast 
Tl-weighted images (arrow, a) but poorly seen after gadolinium administration. This enhancement pattern, termed near-isovascular, 
is most commonly observed in liver metastases in a subacute phase of response to chemotherapy. 



Hepatic Venous (Interstitial) Phase 

Hepatic venous phase or interstitial phase is acquired 
90s to 5min after initiation of contrast injection. Late 
enhancement features of focal liver lesions are shown 
that aid in lesion characterization, such as persistent 
lack of enhancement of cysts, coalescence and centrip- 
etal progression of enhancing nodules in hemangiomas, 
homogeneous fading of enhancement of adenomas and 
focal nodular hyperplasia to near isointensity with liver, 
late enhancement of central scar in some focal nodular 
hyperplasias, peripheral or heterogeneous washout of 
contrast in liver metastases, washout to hypointensity 
with liver in small liver metastases and hepatocellular 
carcinoma, heterogeneous washout of hepatocellular 
carcinoma, and delayed capsule enhancement in 
hepatocellular carcinoma (less commonly adenoma). 
Enhancement of peritoneal metastases, inflammatory 
disease, bone metastases (fig. 1.10) and circumferential, 
superficial spreading cholangiocarcinoma are also well 
shown at this time frame. Concomitant use of fat sup- 
pression is essential for optimized demonstration of 
these findings. Additional documentation of vascular 
thrombosis is also provided on these images. 



MULTIPLE IMAGING VARIABLES 

On MR images, it is common that multiple imaging 
properties are concurrently present. The contributions 
of these various properties must be separately deter- 
mined so that appropriate diagnosis is made. Common 
potentially competing imaging characteristics include T2 
and fat suppression effects; Tl out-of-phase and mag- 
netic susceptibility effects; and gadolinium washout and 




Fig. 1.10 Bone metastases. Two-minute gadolinium- 
enhanced Tl-weighted fat-suppressed SGE image demonstrates 
multiple rounded enhancing bone metastases that are clearly 
defined in a background of suppressed fatty marrow. 



fat suppression effects. T2 and fat suppression effects 
can usually be separated by employing both nonsup- 
pressed and fat-suppressed T2-weighted sequences. 
Low signal due to fat suppression effects can be cor- 
rectly ascertained by the demonstration of higher signal 
intensity of the structure on non-fat-suppressed T2 
sequences relative to the T2 fat-suppressed sequences. 
Out-of-phase and magnetic susceptibility signal loss can 
be separated by observing that susceptibility effects 
increase with increasing TE on SGE sequences and are 
generally also observed as low signal on T2-weighted 
sequences, whereas out-of-phase lipid signal effects 
cycle with in- and out-of-phase echo times. Distinction 
between gadolinium washout and fat suppression 
effects on the 2-min postgadolinium Tl-weighted 
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fat-suppressed GE sequence must also be established. 
In problem cases, there is the observation of low signal 
of a structure on later postgadolinium fat-suppressed 
sequences, that appeared high signal on early postgado- 
linium nonsuppressed sequences. The question arises 
whether this reflects a fat suppression effect rather than 
a gadolinium washout effect. In the liver, this can usually 
be distinguished by the observation that a fatty lesion 
is low signal on a 2-min postgadolinium fat-suppressed 
sequence, while isointense or hyperintense on both the 
immediate and the 1-min nonsuppressed portal venous 
phase SGE sequences. Generally, if a liver lesion washes 
out at 2min, it has most often shown evidence of 
washout already by lmin on the portal venous phase 
non-fat-suppressed SGE images. Further supportive 
information of a fat effect is evidence that the lesion 
appears fatty on any of the other sequences employed 
in the imaging protocol (e.g., out-of-phase or noncon- 
trast fat-suppressed sequences). Figure 1.11 illustrates 
many of these combined imaging properties in one 
situation. 

With MR imaging, it is possible to acquire images 
in any desirable anatomic orientation (i.e., transverse, 
coronal, sagittal, or oblique) without moving the patient. 
The choice of the plane of data acquisition is influenced 
by the familiarity of image interpretation using different 
planes, type of MR equipment used, and the sequence 
employed. In general terms, the majority of the imaging 
is acquired in the transverse plane, which can be 
explained for a number of reasons, including lesser 
problems with partial volume effects and general famil- 
iarity of radiologists with this plane from experience 
with CT. In the upper abdomen, we routinely supple- 
ment the transverse plane by one or two (or more) 
acquisitions in the coronal plane, and in the pelvis with 
sagittal plane imaging. Additional planes may be 
obtained, but as a general principle, our view is to 
maintain as few possible data acquisitions to achieve 
the balanced effect of sufficient redundancy but not 
excessive data acquisition (mainly for time and patient 
cooperation reasons). In some organ systems, our 
routine practice of acquiring the primary sequences in 
the transverse plane and supplementing them with an 
additional plane is modified when employing the thin- 
section data acquisition capability of 3D-GE, which 
facilitates reconstruction in different planes from a 
single acquired data set. As an example, with imaging 
of the kidneys using SD-SGE sequences, our approach 
has been to acquire transverse images and supplement 
them with sagittal plane images. Using 3D-SGE, our 
tendency has been to acquire data in the coronal plane, 
which also facilitates simultaneous assessment of the 
renal arteries. In the end, since studies often must be 
viewed at other facilities, radiologists are generally 
familiar with transverse plane from CT, and comparison 



must often be made with CT studies, it seems prudent 
to use the transverse plane as the primary imaging 
plane. 



SIGNAL INTENSITY OF VESSELS 

Inhomogeneous signal intensity of vessels is a diag- 
nostic problem not infrequently encountered on MR 
images. In general, we have found that image acquisi- 
tion between 1 and 2min postgadolinium using GE 
results in consistently high signal of patent arteries 
and veins. Unfortunately, data acquisition often falls 
beyond this range, particularly in the setting of acquir- 
ing images of the pelvis after images of the abdomen. 
If patency of vessels is a particular diagnostic concern, 
then we employ sequences that consistently show high 
signal in patent vessels, often by combining intrinsic 
in-flow effects and gadolinium effects. Sequences we 
employ include gadolinium-enhanced slice-selective 
180° MP-RAGE (particularly useful for noncooperative 
patients), gadolinium-enhanced water excitation SGE, 
and gradient echo sequences with gradient echo refo- 
cusing (without gadolinium) (e.g., true FISP, GRASS). 
Acquisition of additional planes is also useful, for 
example, coronal plane of the liver postgadolinium and 
sagittal plane of the pelvis postgadolinium. 



IMAGING STRATEGIES 

High diagnostic accuracy can be achieved by describing 
the T1-, T2-, capillary and interstitial phase gadolinium- 
enhanced Tl-weighted sequence appearance of various 
disease processes. In practice, it is also important to 
recognize which technique is the most consistent in 
demonstrating various lesions in order to target these 
lesions in an imaging protocol. Table 1.1 lists the MR 
sequences on which certain disease processes are con- 
sistently shown. 

A major strength of MRI is the variety of types of 
information that the modality is able to generate. As a 
result, MRI is able to provide comprehensive informa- 
tion on organ systems and disease entities. The use of 
a diverse group of sequences, acquired in multiple 
planes, minimizes the likelihood of not detecting disease 
or misclassifying disease. This is a reflection of the fact 
that the more different information that is acquired, the 
less likely it is that disease will escape detection. 
Attention to length of examination is critical because 
longer examinations result in fewer patients who can 
be examined and a decrease in patient cooperation. 
Ideally, many of the different sequences employed 
should be of short duration and breath hold or breath- 
ing-independent. An attempt should be made to achieve 
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(b) 




Fig. 1.11 Fat effects, gadolinium effects, and their distinction. Coronal T2-weighted single-shot echo-train spin-echo (a), 
T2-weighted fat suppressed single-shot echo-train spin-echo (£>), Tl-weighted out-of-phase SGE (c), Tl-weighted in-phase SGE (d), 
1-min postgadolinium SGE (e), and 1.5-min gadolinium-enhanced fat-suppressed SGE (/") images. It is always useful to compare 
noncontrast nonsuppressed (a) and fat suppressed (b) sequences to ascertain whether high-signal structures observed on nonsup- 
pressed sequences represent fat, or lower-signal structures observed on fat-suppressed sequences represent fat and not low-fluid- 
content solid masses. Comparing out-of-phase (c) to in-phase id) sequences also permits characterization of fatty tumors. In this 
patient, a right renal angiomyolipoma is present that on the basis of the fat-suppressed T2-weighted sequence alone (arrow, b) may 
be considered a possible renal cancer or hemorrhagic cyst because of its low signal. Comparison with the non-fat-suppressed 
sequence (a) reveals that the tumor is high signal intensity in the absence of suppression (arrow, a), showing that it represents 
fat. Another approach is to show that the high-signal mass on the in-phase image (arrow, d) develops a phase cancellation black 
ring interface with renal parenchyma on the out-of-phase image (c). By noting that the mass is fatty, then high signal on early post- 
gadolinium images (arrow, d) can be recognized as a fat effect, and not enhancement, and loss of signal on the 1.5-min gadolinium- 
enhanced fat-suppressed image is not misinterpreted as washout, but correctly observed as a fat suppression effect. 



16 



Chapter 1 DIAGNOSTIC APPROACH TO MR STUDIES 



Table 1.1 MR 


Imaging Sequences That Show Consistent Display 


of Various Disease Processes 


Sequences 


Disease Process 


Appearance 


T1 


Fluid 


U 


T1 out of phase 


Adrenal adenoma, fatty liver 


i 


T1 fat suppressed 


Normal pancreas 
Subacute hematoma 
Endometriosis (subacute blood) 


T 


T2 


Fluid 


TT 


T2 


Iron (including hemosiderin) 


U 


T2 


Uterine cervix, prostate 


Zonal anatomy, cancer 


Capillary phase Gad 


Focal lesions of liver, spleen, pancreas 


Distinctive patterns 


Capillary phase? Gad 


Inflammatory disease 


T 


Capillary phase Gad 


Arterial compromise 


i 


Capillary phase? Gad 


Portal vein compromise 


T 


Interstitial phase Gad 


Inflammatory disease, peritoneal metastases, 
bone metastases, lymphadenopathy 


T 



this goal in protocol design. Another consideration is 
reproducibility of examination protocols. Efficient oper- 
ation of an MRI system requires the use of set protocols, 
which serves to speed up examinations, render exams 
reproducible, and increase utilization by familiarity with 
a standard approach. A useful approach is to have suf- 
ficient redundancy in sequences that if one or two 
sequences are unsatisfactory there still is enough infor- 
mation for the study to be diagnostic, while at the same 
time not to have too much redundancy that study times 
are long and patient cooperation diminishes towards 
the latter part of the study. The diminishing patient 
cooperation toward the latter part of the study also 
implies that the most important sequences should be 
acquired as early as possible in the exam. MRI tech- 
niques are in continuous evolution, and when new 
sequences are developed it is important to replace older 
sequences with newer sequences, rather than simply 
adding new sequences onto an existing protocol. Speed 
of data acquisition, image quality, disease display, and 
consistency of image quality are all important consider- 
ations when evaluating new sequences. For example, it 
is well-accepted that the image quality of contrast- 
enhanced 3D Tl -weighted GE imaging has exceeded 
the point that it is now superior to 2D imaging. Hence, 
for dynamic contrast imaging, all SGE sequences in our 
protocols have been replaced with 3D imaging. It is 
anticipated that this transition may also extend to 
opposed-phase imaging, with 3D acquisitions being the 
preferred imaging method. On older MR systems, one 
may still want to implement SGE technique because of 
its robustness. On the newest MR systems, the rationale 
to utilize 3D imaging includes thinner-section data 
acquisition, lesser problems with motion and phase 



artifact, and the ability to use the same data set to gen- 
erate an MRA exam [11, 12]. 

The protocoling of MRI studies that investigate the 
abdomen and pelvis in the same setting may be ren- 
dered most efficient by acquiring a complete study of 
the upper abdomen initially, using precontrast SGE and 
FS 3D-GE and/or FS SGE, T2-weighted single shot ETSE 
and single shot FS-ETSE, and serial postgadolinium FS 
3D-GE or SGE and FS-SGE images, then acquiring the 
pelvis study, including postgadolinium FS-SGE or FS 
3D-GE followed by T2-weighted sequences (fig. 1.12). 
Comprehensive examination of all organs and tissues 
in the abdomen and pelvis can be achieved with this 
approach, which permits detection of a full range of 
disease, including unsuspected disease (fig. 1.13). This 
strategy minimizes table motion and repositioning of 
the phased-array coil, which are time-consuming pro- 
cedures. Newer MR systems now allow simultaneous 
planning of abdomen and pelvis regions, such that each 
acquisition can be conducted in series. With this capa- 
bility, all precontrast T2 and Tl imaging can be acquired 
together without disrupting the specifically-timed Tl 
postcontrast images. This strategy allows increased 
exam efficiency, since one can migrate specific T2- 
weighted precontrast sequences, such as SSFP or MRCP, 
to postcontrast slots, especially between the portal 
venous phase (1-2 min post) and delayed interstitial 
phase (3+ min post). Although it is not generally desired 
to acquire T2-weighted images after gadolinium, we 
have not observed significant degradation of T2- 
weighted images of the pelvis after gadolinium. The 
presence of concentrated low-signal-intensity gadolin- 
ium in the bladder on T2-weighted images may in fact 
be beneficial by increasing conspicuity of bladder 
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Fig. 1.12 Liver and pelvis protocol. Coronal T2-weighted single-shot echo-train spin-echo (a), coronal Tl -weighted SGE (£>), 
T2-weighted fat-suppressed single-shot echo-train spin-echo (c), T2-weighted breath-hold STIR (d), Tl-weighted out-of-phase SGE (e), 
Tl-weighted in-phase SGE (/"), hepatic arterial dominant phase SGE (g), 1-min postgadolinium SGE (h), 1.5-min postgadolinium 
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Fig. 1.12 (Continued) fat-suppressed SGE (i), transverse (/') 
and sagittal (k) 4-min postgadolinium fat-suppressed SGE, trans- 
verse (/) and sagittal (m) T2-weighted single-shot echo-train 
spin-echo images. Pre- and postgadolinium multiplanar Tl- and 
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Fig. 1.12 (Continued) T2-weighted images of the pelvis 
(j-m). A combination of breath-hold (b, d, e-k) and breathing- 
independent (a, c, I, ni) sequences are used to ensure consis- 
tent image quality in cooperative patients, combined with 
short study duration, typically 30-40 min. On the hepatic arte- 
rial dominant phase image, note the presence of gadolinium 
in portal veins (short arrow, g) and not hepatic veins (long 
arrow, g). 




Fig. 1.13 Concurrent renal cell cancer and colon 
cancer. Immediate postgadolinium SGE (a), 90-s postgadolin- 
ium fat-suppressed SGE (£>), and 3-min postgadolinium fat- 
suppressed SGE (c) images. Selected images from a liver pelvis 
protocol in a patient evaluated for colon cancer demonstrate 
an incidental left renal tumor that enhances intensely on imme- 
diate postgadolinium images (a) and washes out (arrow, b) on 
the fat-suppressed image, diagnostic for renal cell cancer. 
Thickening of the sigmoid colon representing cancer (small 
arrows, c) is appreciated on images acquired of the pelvis. A 
small regional involved lymph node (long arrow, c) is well 
shown on the gadolinium-enhanced fat-suppressed image. 
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involvement from malignant pelvic diseases. The liver 
is the organ that benefits the most from immediate 
postgadolinium imaging, and imaging protocols should 
be designed in a fashion to image the liver immediately 
after gadolinium administration. If, however, liver 
metastases are unlikely and the pelvis is the major focus 
of investigation, studies can be structured to acquire 
immediate postgadolinium images of the pelvis (e.g., 
for the evaluation of bladder tumors). 

Patient setup can be performed as follows. The 
phased-array coil is initially placed over the upper 
abdomen, and image acquisition is centered over the 
liver. After precontrast sequences, with the patient posi- 
tioned in the bore of the magnet, gadolinium is injected 
as a forceful hand bolus injection over 5 s, followed by 
injection of a normal saline flush over 3 s. Image acquisi- 
tion is initiated immediately after the normal saline flush 
with the SGE sequence. Another approach, using a 
power injector, is to administer contrast at 2ml/s and 
to initiate the scan 17 s after the start of contrast injec- 
tion. Other researchers have also recommended using 
a timing bolus to increase the reproducibility of data 
acquisition in a correct phase of enhancement [12]. 

Accuracy and reproducibility of arterial-phase 
acquisition is of vital importance, as discussed earlier in 
this section. It is reasonable to assert that individual 
arterial transit times from the point of contrast admin- 
istration to hepatic arteries vary in patients with a range 
of liver disease. Therefore, customized arterial timing is 
preferred to fixed timing methods, assuming it also 
provides efficient implementation for users. To this end, 
a real-time ("on-the-fly") bolus-tracking method for liver 
imaging has been utilized by some centers to eliminate 
the need for test-bolus timing injections. This timing 
method incorporates a strategy similar to MRA timing, 
in which a fast (-0.5 s), single-slice SGE, with real-time 
reconstruction, is used to image the arrival of contrast 
medium into a region-of-interest, whereupon the user 
performs a breath-hold command and triggers the next 
acquisition. Extension of real-time bolus tracking to liver 
timing application involves redefining the specific ele- 
ments of execution, namely, 1) the trigger point-of- 
interest to stop bolus tracking and 2) subsequent time 
delay to commence arterial-phase acquisition with 3D 
GE. Current clinical implementation utilizes the descend- 
ing aorta at the level of the diaphragm (celiac axis) as 
an appropriate stopping point, since it is easily visual- 
ized and occurs upstream enough from the hepatic 
arterial dominant phase to allow adequate delay for 
breath-hold commands. The precise time for this delay 
is a matter of continued investigation. In a strict sense, 
the delay should signify the duration from celiac axis 
to peak tumor signal contrast in liver. Preliminary perfu- 
sion MR data have shown an average duration of 
approximately 10 s [13]. Using this strategy, it is intended 



to time 3D GE at peak tumor contrast, which refers to 
the center of k-space, not the start of the scan. Therefore, 
the delay following bolus detection in the descending 
aorta must be adapted according to the pulse sequence 
(i.e., 6s). For certain 3D GE configurations, the effective 
center of k-space may not occur near the beginning of 
the acquisition, as seen with 3D MRA sequences. This 
may limit the capacity to perform adequate breath-hold 
commands. In this scenario, the user may choose a 
vascular reference trigger point further upstream to 
compensate. It should be emphasized, however, that 
"optimal delay of 10 s" refers to the duration to "peak" 
tumor contrast, which can be tempered by realizing 
there naturally exists a finite window of "high tumor 
contrast," allowing the user a margin of error in 3D GE 
timing acquisition. The real-time bolus-tracking strategy 
has been shown to be a highly efficient and reproduc- 
ible method for capturing the time-sensitive arterial 
phase over fixed-timing techniques, and without the 
need for multiple injections, as with a separate timing 
bolus. Additionally, a separate timing bolus will inevi- 
tably result in a small amount of contrast enhancement 
characteristic of the interstitial phase, which will con- 
taminate the desired perfusion information of the earlier 
phases. 

On the most recent MR systems, remote table 
motion, performed at the imaging console, and the 
ability to use either two phased-array torso coils overly- 
ing the abdomen and pelvis or one extended-coverage 
torso coil covering the abdomen and pelvis, are avail- 
able. This permits time-efficient imaging of the abdomen 
and pelvis such that precontrast imaging of the pelvis 
can be performed as well, if needed. 

A number of authors have described the use of oral 
contrast in evaluating the abdomen and pelvis, espe- 
cially when the primary organ of interest is the small 
bowel [14]. Reflecting our overall view of wanting to 
keep MR studies simple to perform, we have generally 
not routinely advocated or used oral contrast agents, 
with the one exception that if one knows in advance 
that the organ of primary interest is the stomach, it is 
useful to distend the stomach (water suffices for this 
purpose) and to use a parenteral injection of a hypo- 
tonic agent. This is not, however, to say that the use of 
oral contrast may not be helpful, especially if the inter- 
preting radiologists do not have much experience with 
bowel studies on MRI. Also, if one is to perform MR 
colonography, it is likely important to distend the colon 
with rectally administered fluid. 

Tables 1.2—1.11 show the current protocols that are 
useful for the investigation of abdominopelvic disease 
when imaging at 1.5 T with a phased-array multicoil. 

The sequence protocols are designed for a Siemens 
system. However, the terms used are generic, as current 
systems produced by all manufacturers can generate 
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Table 1.2 General Abdomen 












Sequence 


Plane 


TR 


TE 


Flip 


Thickness/Gap 


FOV 


Matrix 


Localizer 


3-plane 














SS-ETSE 


Coronal 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE fat-suppressed 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


T1 SGE in/out-of-phase 


Axial 


170 


2.2/4.4 


70 


7 mm/20% 


350-400 


192x320 


SS-ETSE MRCP 


Coronal 


5000 


700 


180 


50 mm 


300 


224 x 384 


T1 3D GE FS pre 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


Contrast 
















T1 3D GE FS arterial 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS venous 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS delayed 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 



*TR between slice acquisitions. 



Table 1.3 Motion-Resistant Abdomen 














Sequence 


Motion 


Plane 


TR 


TE 


Flip 


Thickness/Gap 


FOV 


Matrix 


Localizer 






3-plane 














SS-ETSE 


FBor 


RT 


Coronal 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


FBor 


RT 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE fat-suppressed 


FBor 


RT 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


T1 SGE in/out-of-phase 


RT 




Axial 


170 


2.2/4.4 


70 


7 mm/20% 


350-400 


192x320 


SS-ETSE MRCP 


FB 




Coronal 


5000 


700 


180 


50 mm 


300 


224 x 384 


SSFP 


FB 




Axial 


3.5 


1.2 


60 


8 mm/0% 


350-400 


224 x 256 


2D MP-RAGE fat suppressed 


FB 




Axial 


3.5 


1.2 


15 


8 mm/20% 


350-400 


150x256 


Contrast 




















2D MP-RAGE 15s post 


FB 




Axial 


3.5 


1.2 


15 


8 mm/20% 


350-400 


150x256 


2D MP-RAGE 1 min 


FB 




Axial 


3.5 


1.2 


15 


8 mm/20% 


350-400 


150x256 


2D MP-RAGE 5 min 


FB 




Axial 


3.5 


1.2 


15 


8 mm/20% 


350-400 


150x256 



*TR between slice acquisitions; FB = free breathe; RT = respiratory triggered; SSFP = steady-state free precession. 



Table 1.4 Pelvis 
















Sequence 


Plane 


TR 


TE 


Flip 


Thickness/Gap 


FOV 


Matrix 


Localizer 


3-plane 














SS-ETSE 


Coronal 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


Sagittal 


1500* 


85 


170 


8-10 mm/20% 


350 


192x256 


SS-ETSE fat-suppressed 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


T1 SGE in/out-of-phase 


Axial 


170 


2.2/4.4 


70 


7 mm/20% 


350-400 


192x320 


T2 3D ETSE 


Axial 


1200 


120 


150 


1.5mm 


250 


256 x 256 


T1 3D GE FS pre 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


Contrast 
















T1 3D GE FS 30s 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS 1 min 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 2D ETSE fat suppressed 


Axial 


600 


11 


180 


5 mm/20% 


250 


224 x 256 



*TR between slice acquisitions. 
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Table 1.5 General Abdomen-Pelvis 


Sequence 


Coverage 


Plane 


TR 


TE 


Flip 


Thickness/Gap 


FOV 


Matrix 


Localizer 




3-plane 














SS-ETSE 


Abd-Pel 


Coronal 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


Abd-Pel 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


Pelvis 


Sagittal 


1500* 


85 


170 


8-10 mm/20% 


350 


192x256 


SS-ETSE fat-suppressed 


Abd-Pel 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


T1 SGE in/out-of-phase 


Abd 


Axial 


170 


2.2/4.4 


70 


7 mm/20% 


350-400 


192x320 


SS-ETSE MRCP 


Abd 


Coronal 


5000 


700 


180 


50 mm 


300 


224 x 384 


T2 3D ETSE 


Pel 


Axial 


1200 


120 


150 


1.5 mm 


250 


256 x 256 


T1 3D GE FS pre 


Abd-Pel 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


Contrast 


















T1 3D GE FS arterial 


Abd 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS 1 min 


Abd-Pel 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS3min 


Abd-Pel 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 2D ETSE fat suppressed 


Pel 


Axial 


600 


11 


180 


5 mm/20% 


250 


224 x 256 



*TR between slice acquisitions. 



Table 1.6 Gastric Bowel 


Sequence 


Coverage 


Plane 


TR 


TE 


Flip 


Thickness/Gap 


FOV 


Matrix 


Localizer 




3-plane 














SS-ETSE 


Abd-Pel 


Coronal 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


Abd-Pel 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE fat-suppressed 


Abd-Pel 


Coronal 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


Pelvis 


Sagittal 


1500* 


85 


170 


8-10 mm/20% 


350 


192x256 


SS-ETSE fat-suppressed 


Abd-Pel 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


T1 SGE in/out-of-phase 


Abd 


Axial 


170 


2.2/4.4 


70 


7 mm/20% 


350-400 


192x320 


SS-ETSE MRCP 


Abd 


Coronal 


5000 


700 


180 


50 mm 


300 


224 x 384 


T2 3D ETSE 


Pel 


Axial 


1200 


120 


150 


1.5mm 


250 


256 x 256 


T1 3D GE FS pre 


Abd-Pel 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


Contrast 


















T1 3D GE FS arterial 


Abd 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS 1 min 


Abd-Pel 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS3min 


Abd-Pel 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 



*TR between slice acquisitions. 



Table 1.7 Chest 
















Sequence 


Plane 


TR 


TE 


Flip 


Thickness/Gap 


FOV 


Matrix 


Localizer 


3-plane 














SS-ETSE 


Coronal 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE fat suppressed 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


bSSFP 


Axial 


3.5 


1.2 


60 


8 mm/0% 


350-400 


224 x 256 


T1 3D GE FS pre 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


Contrast 
















T1 3D GE FS 20s 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS 1 min 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS3min 


Coronal 


3.8 


1.7 


10 


3mm 


350-400 


160x256 



*TR between slice acquisitions; SSFP = steady-state free precession. 
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Table 1.8 Chest/Abd/Pel 


Sequence 


Coverage 


Plane 


TR 


TE 


Flip 


Thickness/Gap 


FOV 


Matrix 


Localizer 




3-plane 














SS-ETSE 


Chest-Abd-Pel 


Coronal 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


Chest-Abd-Pel 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


Pelvis 


Sagittal 


1500* 


85 


170 


8-10 mm/20% 


350 


192x256 


SS-ETSE fat-suppressed 


Chest-Abd-Pel 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


T1 SGE in/out-of-phase 


Abd 


Axial 


170 


2.2/4.4 


70 


7 mm/20% 


350-400 


192x320 


bSSFP 


Chest 


Axial 


3.5 


1.2 


60 


8 mm/0% 


350-400 


224 x 256 


SS-ETSE MRCP 


Abd 


Coronal 


5000 


700 


180 


50 mm 


300 


224 x 384 


T2 3D ETSE 


Pel 


Axial 


1200 


120 


150 


1.5 mm 


250 


256 x 256 


T1 3D GE FS pre 


Chest-Abd-Pel 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


Contrast 


















T1 3D GE FS arterial 


Abd 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS 1 min 


Chest-Abd-Pel 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS3min 


Chest-Abd-Pel 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS 5min 


Chest-Abd 


Coronal 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 2D ETSE fat suppressed 


Pel 


Axial 


600 


11 


180 


5 mm/20% 


250 


224 x 256 



*TR between slice acquisitions; SSFP = steady-state free precession. 



Table 1.9 Whole 


Body (Brain/Chest/Abd/Pel) 












Sequence 


Coverage 


Plane 


TR 


TE 


Flip 


Thickness/Gap 


FOV 


Matrix 


Localizer 




3-plane 














T2 ETSE (FLAIR) 


Brain 


Axial 


8000 


120 


180 


4 mm/20% 


230 


192x256 


3D GE (COW) 


Brain 


Axial 


40 


7.0 


20 


0.9mm 


200 


256x512 


SS-ETSE 


Chest-Abd-Pel 


Coronal 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


Chest-Abd-Pel 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


SS-ETSE 


Pelvis 


Sagittal 


1500* 


85 


170 


8-10 mm/20% 


350 


192x256 


SS-ETSE fat-suppressed 


Chest-Abd-Pel 


Axial 


1500* 


85 


170 


8-10 mm/20% 


350-400 


192x256 


T1 SGE in/out-of-phase 


Abd 


Axial 


170 


2.2/4.4 


70 


7 mm/20% 


350-400 


192x320 


bSSFP 


Chest 


Axial 


3.5 


1.2 


60 


8 mm/0% 


350-400 


224 x 256 


SS-ETSE MRCP 


Abd 


Coronal 


5000 


700 


180 


50 mm 


300 


224 x 384 


T1 3D GE FS pre 


Chest-Abd-Pel 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


Contrast 


















T1 3D GE FS arterial 


Abd 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS 1 min 


Chest-Abd-Pel 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS3min 


Chest-Abd-Pel 


Axial 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE FS 5min 


Chest-Abd 


Coronal 


3.8 


1.7 


10 


3mm 


350-400 


160x256 


T1 3D GE fat suppressed 


Neck-Brain 


Axial 


3.8 


1.7 


10 


3mm 


250-275 


224 x 256 



similar sequences. Vendor specific sequence names are 
indicated in Table 1.12, and vendor-specific variations 
in imaging parameters should be employed as needed. 
Variations in TR/TE/flip angle for SGE sequences, espe- 
cially in the same patient study, should generally be 
avoided. Imaging parameters of ETSE sequences are 



more flexible, with minor changes resulting in no sub- 
stantial loss of diagnostic information. With the use of 
phased-array multicoils both slice thickness and FOV 
can be substantially modified for many protocols (e.g., 
slice thickness of 5 mm for the pancreas, adrenals, and 
pelvis and FOV of 200mm for the pelvis). 
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Table 1.10 3T General Abdomen 
















Sequence 


Plane 


TR 


TE 


Flip 


Thickness/Gap 


FOV 


Matrix 


Localizer 


3-plane 














SS-ETSE 


Coronal 


1500* 


70 


170 


6-8 mm/20% 


350-400 


192x256 


SS-ETSE 


Axial 


1500* 


70 


170 


6-8 mm/20% 


350-400 


192x256 


SS-ETSE fat-suppressed 


Axial 


1500* 


70 


170 


6-8 mm/20% 


350-400 


192x256 


T1 SGE in/out-of-phase 


Axial 


170 


1.1/2.2 


60 


6 mm/20% 


350-400 


192x320 


SS-ETSE MRCP 


Coronal 


5000 


700 


180 


50 mm 


300 


224 x 384 


T1 3D GE FS pre 


Axial 


3.3 


1.2 


10 


2.5 mm 


350-400 


180x288 


Contrast 
















T1 3D GE FS arterial 


Axial 


3.3 


1.2 


10 


2.5 mm 


350-400 


180x288 


T1 3D GE FS venous 


Axial 


3.3 


1.2 


10 


2.5 mm 


350-400 


180x288 


T1 3D GE FS delayed 


Axial 


3.3 


1.2 


10 


2.5 mm 


350-400 


180x288 



*TR between slice acquisitions. 



Table 1.11 3T Motion-Resistant Abdomen 


Sequence 


Motion 


Plane 


TR 


TE 


Flip 


Thickness/Gap 


FOV 


Matrix 


Localizer 






3-plane 














SS-ETSE 


FBor 


RT 


Coronal 


1500* 


70 


160 


6-8 mm/20% 


350-400 


192x256 


SS-ETSE 


FBor 


RT 


Axial 


1500* 


70 


160 


6-8 mm/20% 


350-400 


192x256 


SS-ETSE fat-suppressed 


FBor 


RT 


Axial 


1500* 


70 


160 


6-8 mm/20% 


350-400 


192x256 


T1 SGE in/out-of-phase 


RT 




Axial 


170 


1.1/2.2 


60 


6 mm/20% 


350-400 


192x320 


SS-ETSE MRCP 


FB 




Coronal 


5000 


700 


170 


50 mm 


300 


224 x 384 


bSSFP 


FB 




Axial 


3.5 


1.2 


60 


6 mm/0% 


350-400 


224 x 256 


2D WE SS-SGE 


FB 




Axial 


3.2 


1.1 


12 


8 mm/20% 


350-400 


150x256 


Contrast 




















2D WE SS-SGE 15s 


FB 




Axial 


3.2 


1.1 


12 


8 mm/20% 


350-400 


150x256 


2D WE SS-SGE 1 min 


FB 




Axial 


3.2 


1.1 


12 


8 mm/20% 


350-400 


150x256 


2D WE SS-SGE 3min 


FB 




Axial 


3.2 


1.1 


12 


8 mm/20% 


350-400 


150x256 



*TR between slice acquisitions; bSSFP = balanced steady-state free precession; WE SS-SGE = water-excited single-shot spoiled gradient echo. 



Table 


1.12 Vendor-Specific Terms for Common Abdominal Pulse 


Sequences 




Sequence 






Siemens 


GE 


Philips 


ETSE 


Echo train spin echo 




TSE 


FSE 


TSE 


SS-ETSE 


Single-shot echo train spin echo 




HASTE 


SS-FSE 


SS-TSE 


SGE 


Spoiled gradient echo 




FLASH 


SPGR 


T1-FFE 


3DGE 


3D spoiled gradient echo 




VIBE 


LAVA 


THRIVE 


SSFP 


Steady-state free precession 




FISP 


GRASS 


FFE 


bSSFP 


Balanced steady-state free precession 




TrueFISP 


FIESTA 


Balanced FFE 


MP-RAGE 


Magnetization-prepared rapid acquisition gradient 


echo 


TurboFLASH Fast SPGR 


TFE 



SERIAL MRI EXAMINATION 

MRI is currently considered the most expensive imaging 
modality, which has hampered its appropriate utiliza- 
tion. The expense of MRI studies can be dramatically 



reduced by decreasing study time and the number of 
sequences employed. This may be done most reason- 
ably in the setting of follow-up examinations. Depending 
on the amount of information needed, a follow-up 
study that employs coronal SS-ETSE, transverse pre- 
contrast 2D or 3D gradient echo, immediate and 45-s 
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postgadolinium 2D or 3D GE, and 2-min postgadolin- 
ium fat-suppressed 2D or 3D gradient echo provides 
relatively comprehensive information in a 10-min study 
time [5]. Even more curtailed examination can be per- 
formed if the only indication is the change in size. An 
adrenal mass or lymphadenopathy may be adequately 
followed by precontrast SGE alone or, in the case 
of an adrenal adenoma, in combination with out-of- 
phase SGE. 



NONCOOPERATIVE PATIENTS 

It is crucial to recognize that separate protocols are 
required for noncooperative patients. In general, non- 
cooperative patients fall into two categories: 1) those 
who cannot suspend respiration but can breathe in a 
regular fashion and 2) those who cannot suspend 
respiration and cannot breathe in a regular fashion. 
The most common patient population that fits into 
the first group are sedated pediatric patients. Agitated 
patients are the most commonly encountered who fit 
into the second group. Optimal imaging strategies differ 
for each. 

In sedated patients, substitution of breath-hold 
images (e.g., SGE) can be made readily with breathing- 
averaged ETSE images, the image quality of which is 
improved by using fat suppression. Both 2D SGE and 
ETSE have the ability to be gated to respiration. Since 
SGE utilizes spoiling gradients within each TR interval, 
Tl information is preserved between respiratory periods, 
while T2 ETSE exploits the respiratory period into 
its inherent T2-weighting. With sedation, breathing is 
in a more regular pattern than that observed for all 
other patients. Additionally, breathing-independent T2- 
weighted SS-ETSE is useful, as is Tl -weighted MP-RAGE, 
if dynamic gadolinium-enhanced images are required 
(fig. 1.14). 

In patients who are agitated, only single-shot tech- 
niques should be used, including breathing-independent 
T2-weighted SS-ETSE and Tl-weighted MP-RAGE pre- 
and postgadolinium administration (fig. 1.15). 



EMERGING DEVELOPMENTS IN MRI 

There are several emerging developments in MR imaging 
that are important for body MR imaging. These include 
1) recent technical developments, 2) parallel MR 
imaging, 3) introduction of 3.0 T MR systems as whole 
body magnets; and 4) whole body MR imaging for 
screening. MR imaging has undergone major improve- 
ments in its diagnostic capability and clinical applica- 
tions since its introduction in the clinical setting in the 



1980s. These developments have mainly occurred in the 
following areas: 

1. Increased main magnetic field strength (from less 
than 0.3 T to more than 3.0 T) 

2. Improved radiofrequency coil design (from large 
single body or a single surface coil to arrays of mul- 
tiple smaller (phased-array) coils containing 4-8 ele- 
ments now, and 16-32 elements or higher in the near 
future): 

3. Improved bandwidth per receiver channel (3 MHz) 
with advances in digital electronics for faster read- 
outs and faster reconstructions of k-space data sets 

4. Increased gradient performance (from gradients of 
<10mT/m with switching rates of >lms to gradients 
with >50mT/m and with switching rates in the order 
of 100 (is; these gradients can achieve lower TR and 
TE values, allow better spatial and temporal cover- 
age, and drastically reduce the dead time periods 
during which no MR signal is acquired. 

5. Newer and faster acquisition methods and sequences, 
like SGE; SS-SGE; bSSFP; ETSE; and SS-ETSE; EPI; 
and parallel imaging. 

As a consequence of these technical improvements, 
most state-of-the-art MR systems (3.0 T and lower) cur- 
rently operate just below the physiological barriers of 
dB/dt, acoustic noise, specific absorption rate (SAR), 
and perhaps also main magnetic field strength. Beyond 
these boundaries, regulations on patient safety will limit 
acquisition speed. For instance, negligible further 
improvements of imaging speed can be achieved by 
decreasing interecho spacing or repetition time through 
gradient performance alone. In this respect, the devel- 
opment and implementation of parallel MR imaging 
methods in combination with multiple coil arrays pro- 
vides important means to further improve the diagnostic 
capability of MR imaging without violating physiological 
barriers. 

Parallel MR Imaging 

Parallel MR imaging is comprised of a number of 
methods that can be used in combination with the 
majority of the MR imaging sequences to reduce scan 
time by acquiring less data than would otherwise be 
necessary to avoid aliasing. Currently, several vendor- 
specific terms are in use for parallel imaging (Table 
1.13). Since 1987, several authors have proposed ideas 
to reduce scan time in MR imaging by using some form 
of parallel imaging [15-24]. The first successful in vivo 
implementation of parallel imaging was demonstrated 
by Sodickson and colleagues in 1997 based on the 
simultaneous acquisition of spatial harmonics (SMASH) 
and coil sensitivities. Currently, sensitivity encoding 




^5 





(e) 

Fig. 1.14 Sedated patient protocol, abdomen and pelvis. Coronal T2-weighted single-shot echo-train spin-echo (a), coronal 
Tl-weighted single-shot non-slice-selective 180° magnetization-prepared gradient echo (£>), T2-weighted fat-suppressed echo-train 
spin-echo (c), Tl-weighted fat-suppressed spin-echo (d, e), immediate postgadolinium Tl-weighted slice-selective 180° magnetiza- 
tion-prepared gradient-echo (/"), 1-min postgadolinium Tl-weighted slice-selective 180° magnetization-prepared gradient-echo (g), 




Fig. 1.14 (Continued) 1.5-min gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo (h), 5-min gadolinium-enhanced 
Tl-weighted fat-suppressed spin-echo (i), and transverse (/') and 
sagittal (&) T2-weighted single-shot echo-train spin-echo images. 
Images of the abdomen are acquired first, pre- and postgadolinium 
(a-h), followed by imaging of the pelvis (i-k). In sedated patients, 
a combination of longer duration, breathing-averaged sequences 
(c-e, h, O and breathing-independent single-shot techniques (a, 
b,f, g, j, k) are used. In this patient the T2-weighted images of 
the pelvis were acquired with single-shot technique. If there was 
a high index of suspicion of pelvic disease, breathing-averaged 
sequences could have been performed. Note the excellent dem- 
onstration of the pancreas on the noncontrast breathing-averaged 
fat-suppressed Tl-weighted spin-echo images (d, e). 
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Fig. 1.15 Noncooperative patient protocol. Coronal T2- 
weighted single-shot echo-train spin-echo (a), reduced-matrix 
(96 x 128) shortened TR (100 ms) SGE (b), non-slice-selective 180° 
magnetization-prepared gradient-echo (c), immediate postgado- 
linium slice-selective 180° magnetization-prepared gradient- 
echo (d), and coronal 1-min postgadolinium slice-selective 180° 
magnetization-prepared gradient-echo (e) images. An imaging pro- 
tocol for a patient who cannot suspend respiration or breathe in 
a regular fashion includes breathing-independent sequences (a, 
c-e). Attempt should be made, as in this patient, to reduce matrix 
size, field of view, and TR time on the SGE sequence to render it 
a 10-s breath hold. In this patient, this reduced-parameter SGE 
sequence (b) resulted in acceptable image quality for this acquisi- 
tion, but was not reproducible. The study was switched to perform 
only breathing-independent sequences (c-e). Note the compari- 
son between SGE (b) and non-slice-selective 180° magnetization- 
prepared gradient-echo (c) images. The former sequence has 
mirror artifacts from the aorta (arrow, b); the latter sequence has 
very nice signal void in vessels, no mirror artifacts, and strong 
Tl weighting, as evidenced by excellent liver-spleen contrast. 
Drawbacks of non-slice-selective 180° magnetization-prepared gra- 
dient echo include low signal-to-noise ratio, lengthy total imaging 
time, and variable image quality outside the liver. 
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Table 1.13 Vendor-Specific and Other 
Terms Used for Various Parallel MR 
Imaging Methods 


ASSET 


= Array Spatial Sensitivity Encoding Technique 
(GE Medical Systems) 


GRAPPA 


= Generalized Auto-calibrating Partially Parallel 
Acquisition 


iPAT 


= integrated Parallel Acquisition Technique 
(Siemens Medical Systems) 


SENSE 


= SENSitivity Encoding (Philips Medical 
Systems) 


SMASH 


= SiMultaneous Acquisition of Spatial Harmonics 


SPACE RIP 


= Sensitivity Profiles from an Array of Coils for 
Encoding and Reconstruction In Parallel 



(SENSE), which was introduced in 1999 by Pruessmann 
and colleagues, is the most versatile method of parallel 
imaging. There are several differences in SMASH and 
SENSE types of methods. SMASH is considered a 
k-space-based method, whereas SENSE is an image- 
domain method. Parallel imaging methods are still 
evolving, and improvements in the existing and new 
methods are published on a regular basis. With the 
introduction of higher-field (>1.5T) MR systems as well 
as multiple coil arrays (>8 coils), the role of parallel 
imaging will become even more important in the near 
future. One or a combination of several of the current 
parallel imaging methods may evolve, and eventually 
the original concept of Hutchinson and colleagues of 
"massive" parallel MR imaging [in which the number of 
coil elements equals the number of k-space lines (15)], 
may become a reality. 

In general, parallel imaging methods require the 
use of suitable phased-array coils, a "reference" or a 
"calibration" scan, and vendor-specific software to 
reduce scan time. Each element of the phased-array coil 
has its own sensitivity profile, which can be measured 
based on the "reference" scan data. Parallel MR imaging 
exploits the calculated sensitivities of the coils and 
allows acquisition of less k-space data than otherwise 
necessary to avoid aliasing. The undersampling results 
in heavily aliased k-space data sets that can then be 
unfolded, using spatial sensitivity maps of the coils 
(SENSE method). 

In the SMASH method, the same field of view (FOV) 
with the same spatial resolution as in conventional 
MRI can be obtained with reduced number of phase- 
encoding steps based — in part — on the sensitivity pro- 
files of the coils and — in part — on the simultaneous 
acquisition of spatial harmonics. 

The key feature of parallel imaging methods is the 
application of multiple independent receiver coils with 
distinct sensitivities across the object being imaged. In 



conventional MR imaging, the role of phased-array coils 
is merely to improve the signal-to-noise ratio (SNR), 
whereas in parallel imaging the phased-array coils are 
also used to reduce the scan time. The application of 
parallel imaging allows 1) higher temporal resolution 
(faster imaging; e.g., MRI exams in noncooperative 
patients, time-resolved MR angiography, and perfusion 
studies), 2) higher spatial resolution (larger matrices, 
thinner slices; e.g., high-resolution MRA) (fig. 1.16), 3) 
reduced effective interecho spacing (less image blurring 
and image distortion in ETSE and echo planar imaging; 
e.g., high-quality MRCP and single-shot EPI of the 
abdomen), and/or 4) reduced specific absorption rate 
(SAR) due to shorter echo trains (important for optimi- 
zation of body MRI sequences at 3T). 

There are several limitations of parallel imaging, 
including 

1. Decreased signal-to-noise ratio (SNR): As SNR is pro- 
portional to the square root of the total sampling 
time, there is an intrinsic loss of SNR with the square 
root of the acceleration factor. Advances in receiver 
technology, e.g., scanning with torso phased-array 
coils with eight or higher number of receivers, can 
significantly improve the SNR. In contrast-enhanced 
studies (i.e., dynamic imaging of the liver or MR 
angiography), an increase in the rate of contrast 
injection can also compensate for the loss of SNR. 
In contrast to the iodine-contrast media for CT exams, 
gadolinium-based contrast media have much lower 
viscosity. Therefore, unlike CT, the higher injection 
rates of MR contrast media, for instance with 4ml/s, 
do not require the use of larger-bore intravenous 
catheters. 

2. Parallel MR imaging foldover artifact: It should be 
emphasized that parallel imaging does not correct for 
foldover artifacts that occur if the FOV is chosen too 
small for the anatomy. In conventional abdominal MR 
imaging, a slightly smaller FOV, often in combination 
with a rectangular FOV, improves the spatial resolu- 
tion in the phase encoding direction without signifi- 
cant increase in scan time. In such cases, the aliased 
body part projects on the opposite side of the patient, 
generally outside of the region of interest. With the 
application of parallel imaging, such artifacts are 
projected in the center of the image (fig. 1.17), result- 
ing in severely degraded image quality. To avoid 
such artifacts, a full FOV should always be applied 
for any parallel imaging acquisition. 

3. Reliability of parallel imaging in daily clinical prac- 
tice: Depending on the imaging sequence and appli- 
cation, the reliability of the parallel imaging is 
reduced (for instance, with the appearance of arti- 
facts due to image reconstruction errors) if the accel- 
eration factor reaches an assigned value. Therefore 
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Fig. 1.16 Application of parallel imaging (acceleration factor 2) at 1.5 T. Axial fat-suppressed arterial dominant (a) image 
of a 3D gradient-echo image (2-mm sections interpolated to 1-mm sections; parallel imaging acceleration factor of 2; scan time 15 s 
to cover the entire liver). Based on the thin sections of the arterial dominant phase data set, a MR angiography was additionally 
reconstructed (£>). This "free" MRA was used to determine the vasculature of the liver for planning chemoperfusion of the liver, 
which is the choice of treatment at our hospital for patients with colorectal liver metastases who cannot be treated with surgery 
or other minimally invasive therapies, such as radiofrequency ablation. 





Fig. 1.17 Aliasing (foldover artifact) with and without parallel imaging. Axial T2-weighted single-shot echo-train spin- 
echo image without pMRI (a) shows the foldover artifact originating from the anterior abdominal wall projected on the opposite 
side of the image (arrows). A large metastasis is present in the liver (M). Axial SGE image with parallel imaging acceleration factor 
2 (b) shows the foldover artifact projected in the center of the image (arrows). 
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Fig. 1.18 8-Channel phased-array torso coil at 3T. Coronal T2-weighted single-shot echo-train spin-echo images in a patient 
with liver and renal cysts (arrows) (a) and in a patient with a large hepatocellular carcinoma (HCC) (£>). In both cases, the large 
coverage with sufficient SNR over the entire anatomy was possible with the use of the 8-channel phased-array torso coil. 



caution needs to be exercised when applying paral- 
lel imaging protocols with the highest acceleration 
factor possible. In particular, if the individual 
sequences are not robust, the examination may have 
to be repeated. This is especially critical for contrast- 
enhanced exams, where repeating the sequence 
(e.g., hepatic arterial dominant phase sequence) may 
not be feasible in the same MR study sessions. 

Body MR Imaging at 3 T: General 
Considerations Compared to 1.5 T 

A major advantage of a 3T system compared to 1.5 T is 
that the signal-to-noise ratio (SNR) at 3T is approxi- 
mately two times higher. At the present time, research 
is ongoing to develop imaging approaches that take 
advantage of the higher SNR. In exploring the use of 
body imaging at 3T, reference must be made to the 
image quality of state-of-the-art abdominal MR imaging 
that is achievable at 1.5 T, in order to determine the 
future role of 3T imaging. 

Currently, in several centers state-of-the-art 3T MR 
imaging systems are equipped with eight-channel torso 
phased-array coils and parallel MR imaging capability. 
The availability of parallel imaging at 3 T is essential for 
reducing SAR. The eight-channel torso phased-array 



coils facilitate larger FOV and anatomic coverage in 
combination with better SNR distribution as compared 
to four-channel phased-array torso coils at 1.5 T (fig. 
1.18). Several issues must be considered when develop- 
ing body MRI for a 3T system: 

• Radio-frequency (RF) power deposition is ~4x: 

This follows from the following equation: v = yB 
[i.e., frequency (v) is equal to the product of the 
gyromagnetic ratio (y) and the main magnetic field 
(Bo)]. If B increases with a factor of 2, the frequency 
at which the protons can be excited will also be 
doubled. Therefore, at 3T RF pulses with 4x higher 
energy are needed to excite the protons. This results 
in increased RF heating and higher specific absorp- 
tion rate (SAR). The limitation of SAR will be greatest 
for RF-intensive sequences, such as ETSE sequences. 
At 3T, these limitations result in a lower number of 
slices per TR and hence smaller anatomic coverage. 

• Chemical shift and susceptibility artifact is ~2X: 
The higher chemical shifts and susceptibility may 
result in artifacts on the gradient-echo and echo 
planar imaging. For equivalent imaging bandwidth, 
the fat- water spatial shift is doubled at 3T. These 
artifacts can be reduced by using higher bandwidths 
than at 1.5 T. At 3T, bandwidths with a value two 
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Fig. 1.19 Comparison of Tl contrast at 1.5T and 3T. Axial in-phase and opposed-phase SGE at 1.5T (a, b) and 3T (c, d). 

The inherent prolongation of Tl values at 3T reduces Tl contrast between soft tissues, as seen by comparing in-phase images (a, 
c) and opposed-phase images (b, d). This assumes identical flip angle and TR between field strengths. However, modifications of 
pulse sequence parameters, such as lengthening TR or decreasing flip angle, may alleviate low Tl contrast at 3T. 



times higher than at 1.5 T may be required. Higher 
chemical shift is also an advantage, for instance, for 
MR spectroscopy. Spectra with resolution similar to 
that at 1.5T may be acquired in shorter times, and 
spectrally selective fat suppression techniques also 
require less time at 3T. 

Tl relaxation times are longer (e.g., liver has 
30% longer Tl): This leads to increased signal satu- 
ration effects, especially for rapid GE imaging, which 
ultimately decreases Tl contrast on Tl -weighted 
images (fig. 1.19). Tl weighting could be improved 
by different combinations of repetition times (TR), 
echo time (TE), and flip angle from those at 1.5 T. 
But it is also noteworthy that Tl information can be 
constrained at 3T, such that alternative methods need 
to be employed to reveal contrast similar to 1.5T. On 
some 3T systems, for instance, dual echo SGE allows 
the shortest in-phase TE of 2.2ms but, because of 
SAR, gradient capabilities, and other issues, the 



systems may only allow an opposed-phase TE of 
5.8ms (which is the fourth opposed-phase TE value 
at 3T). The shortest in- and opposed-phase TE values 
(i.e., 1.1ms and 2.2ms) with less susceptibility and 
inflow effects are possible if the imaging bandwidth 
is increased, and one employs asymmetric echoes. 
Despite an SNR trade-off, this latter strategy is recom- 
mended at 3T, in order to distinguish between iron 
and fat effects, which may compete on later echoes. 
In addition to the decreased Tl weighting, inflow 
effects in abdominal vessels are more pronounced, 
which has a detrimental effect on the image quality 
of GE at 3 T. The ability of gadolinium-based contrast 
agents to reduce Tl (known as the relaxivity, rl) is 
slightly lower at 3T [25]. However, the impact may 
not be observable with typical administered doses, 
stemming from the inherent difficulty of distinguish- 
ing very low Tl (<150ms) from one another. The 
intrinsic differences in Tl between 1.5 T and 3T are 
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lessened postcontrast, such that a greater change in 
Tl, and therefore greater contrast enhancement, is 
expected at 3T, especially in the blood pool [26]. 
T2* of tissues and other structures is shorter 
(T2 remains practically unchanged): This can be 
solved by echo trains with shorter effective interecho 
spacing or shorter echo trains. This can be achieved 
by applying parallel MR imaging. The use of parallel 
imaging has the additional advantage of reducing 
SAR. 

3T safety concerns for body imaging: Increased 
magneto-hydrodynamic effect results in a peaked 
T-wave of the electrocardiograms (ECG) during rapid 
systolic blood flow. In addition, there are 1) increased 
risk of RF burns from ECG leads, RF coils, and 
implanted wires, 2) increased torque on ferromag- 
netic implants, and 3) 6-dB intrinsic increase in 
acoustic noise. 

Bl field inhomogeneities, dielectric resonances, 
RF penetration, and shape of the torso and 
abdomen have impact at 3T: Bl inhomogeneities 
are particularly problematic, and they result in varia- 
tions in the signal distribution over the region of 
interest, which appear to be related to the shape and 
size of the anatomy. For instance, at the level of the 
pelvis, Bl inhomogeneities cause darkening in the 
anterior and posterior parts of the abdomen and 
pelvis. This is evidence of a "field-focusing" effect, 
which becomes more prevalent as the RF wavelength 
becomes on the order of the human torso, as seen 



at 3T. Bl inhomogeneities, in combination with the 
intrinsic properties of fat suppression and refocusing 
pulses in ETSE sequences (Shinnar-Le Roux pulses), 
may also be responsible for poor quality of fat sup- 
pression (fig. 1.20). To reduce SAR and acquire T2- 
weighted sequences with better fat suppression, 
alternative fat suppression techniques and T2- 
weighted imaging sequences must be optimized at 
3T (fig. 1.21). The use of spectral-selective adiabatic 
inversion pulses for fat suppression, such as with 
SPAIR, has been effective at 3T (fig. 1.21) 

Ultimately, the general framework and objectives 
for abdominal imaging at 3T should remain consistent 
with 1.5 T. At a basic level, the sequence-types depicted 
in Table 1.2 should be transferred to 3T; however, from 
a sequence parameter perspective, adjustments must be 
made. Currently, it seems that the greatest advantage of 
the higher SNR of 3T, eight-channel torso phased-array 
coils, and the possibility of higher (>2) parallel imaging 
acceleration factors is observed in 3D GE gadolinium- 
enhanced sequences (fig. 1.22). It is highly anticipated 
that the newly available 32-channel coil will further 
accelerate 3D GE. This is of great importance at 3T, not 
only because inherent signal sensitivity increase allows 
increase in parallel imaging factors with less SNR loss 
(relative to 1.5 T), but it also aids in achieving ultrashort 
dynamic 3D imaging following bolus contrast adminis- 
tration. This creates new possibilities for acquiring 
multi-dynamic phases within a single breath hold, or 





Fig. 1.20 Fat suppression in echo-train spin-echo versus SGE sequences at 3T. Axial fat-suppressed T2-weighted echo- 
train turbo spin-echo sequence (a) with inhomogenous fat suppression (*), probably due to multiple refocusing pulses and the MR 
physics nature of these pulses. Axial fat-suppressed Tl-weighted SGE (b) shows homogenous fat suppression (*) at the same ana- 
tomic level. 




Fig. 1.21 Fat suppression in single-shot echo-train spin- 
echo versus single-shot echo planar imaging at 3T. Axial 
fat-suppressed single-shot T2-weighted echo-train turbo spin-echo 
sequence (a) with insufficient fat suppression. Axial fat-suppressed 
diffusion-weighted single-shot T2-weighted echo planar imaging 
(b) shows homogeneous fat suppression at the same anatomic 
level. In another patient, application of SSETSE with SPAIR (c) 
reveals robust fat suppression, with maintenance of water signal. 






Fig. 1.22 4-Channel versus 8-channel torso phased-array coil at 3T. Axial fat-suppressed 3D gradient echo (4-channel 
torso phased-array coil; 4-mm section zero-interpolated to 2-mm sections; matrix 320 x 384; parallel imaging acceleration factor 2; 
scan time 25 s) (a) in a patient with status post right liver resection and a radiofrequency ablation of the recurrent metastasis at 
the resection plane (arrow). Axial fat-suppressed 3D gradient echo (8-channel torso phased-array coil; matrix 512 x 512; parallel 
imaging acceleration factor 3; other parameters were similar to the previous image) (b) in a patient with a recurrent gallbladder 
carcinoma (arrow). 
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investigating signal change behavior in the liver. 
Similarly, the promise of SNR gains at 3T implies the 
use of thinner sections and higher in-plane resolution 
with standard single-phase 3D GE. It is often apparent 
at 1.5 T that artifacts due to lower through- and in-plane 
resolution impair visualization of subtle features of liver 
disease. This improvement in resolution costs time, 
effectively negating reasonable breath hold acquisitions. 
Parallel imaging with multichannel coils will be integral 
to reducing scan times under 20 s. For individuals who 
still may be stressed from lengthy breath holds, parallel 
imaging can be further exploited to obtain diagnostic 
3D GE at breath hold times between 10 and 15 s depend- 
ing on acceleration factors. As with 1.5 T, robust motion 



insensitivity is vital for maximal diagnostic accuracy (fig. 
1.23). Even in extreme cases, 3T still provides compa- 
rable, if not superior, robustness to breathing artifacts 
by utilizing rapid magnetization-prepared single-shot 
GE, which can eliminate the need for breath holding in 
noncooperative patients. Figure 1.23 shows clear depic- 
tion of a renal cyst on water-excited single-shot GE, in 
comparison to conventional breath-held 3D GE, which 
suffers from motion artifact. 

For non-fat-suppressed and fat-suppressed T2- 
weighted MR imaging sequences, the best image quality 
is currently possible with SS-ETSE and diffusion- 
weighted single-shot echo planar imaging, respectively 
(fig. 1.24). Imaging of the pancreas and biliary tree in 






Fig. 1.23 Motion sensitivity at 1.5T and 3T. The importance of patient breath holding is revealed in two 3D GE acquisitions 
obtained on separate imaging days (a, b). The initial exam shows the impact of motion on an arterial acquisition, in which no lesion 
is visible (a). On subsequent repeat scanning, proper breath holding reveals a small arterial-enhancing liver lesion (&). When patient 
noncooperation is extreme, a water-excited SS-SGE is utilized, as shown in the depiction of a renal cyst at 3T, with conventional 
breath-held 3D GE (c) and with water-excited SS-SGE id). 
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Fig. 1.24 1.5T versus 3.0T. Axial single-shot T2-weighted echo-train spin-echo (a) and fat-suppressed diffusion-weighted single- 
shot echo planar imaging (b) sequences at 1.5T (acquired with 4-channel torso phased-array coil and parallel imaging acceleration 
factor of 2 for echo planar imaging) show a small cyst in the right liver. Axial single-shot T2-weighted echo-train spin-echo (c) and 
fat-suppressed diffusion-weighted single-shot echo planar imaging (d) sequences at 3 T (acquired with 8-channel torso phased-array 
coil and parallel imaging acceleration factor of 2 for both sequences) show a slightly better image quality with improved SNR and 
reduced image blurring. 



particular may benefit from the use of eight-channel 
torso coil and parallel imaging (figs. 1.25 and 1.26). SS- 
ETSE sequences require parallel imaging, for the reduc- 
tion of SAR and image blurring (by reducing the effective 
interecho spacing), whereas echo planar imaging mainly 
requires parallel imaging for the reduction of anatomic 
distortion (27). In the near future, a greater number of 
coil elements may allow higher (>2) parallel imaging 
acceleration factors that might be advantageous for T2- 
weighted sequences for better anatomic coverage, less 
image blurring, and less image distortion. At present, 
noncontrast Tl-weighted sequence such as 2D SGE, as 



well as T2-weighted ETSE sequences, especially with 
fat suppression, need further optimization. 

Whole Body MRI: Faster and Better 

Whole body MRI is a fast, reliable, safe, and accurate 
means of detecting disease throughout the entire 
body (figs. 1.27-1.31). This has been well shown in a 
recent article [28] in which the authors demonstrated 
that a screening MR protocol showed various disease 
processes with almost equal accuracy to a variety of 
comparison "gold standard" diagnostic tests. That article 





Fig. 1.25 Pancreas imaged with an 8-channel torso coil at 3T. Axial single-shot T2-weighted echo-train spin-echo (a), fat- 
suppressed 2D spoiled gradient echo (b), and gadolinium-enhanced 3D gradient echo (parallel imaging acceleration factor 3) in the 
arterial (c) and delayed id) phases shows clearly the pancreas, the pancreatic duct, the peripancreatic vessels, as well as a duodenal 
tumor, because of the unique combination of a high in-plane spatial (matrix 512 x 512) and the intrinsic tissue-contrast of MRI at 3T. 




Fig. 1.26 MRCP with an 8-channel torso coil at 3T. A thick-slab (slice thickness 40 mm; 512x512 matrix; pMRI acceleration 
factor 2) shows an overview of the biliary tree (a) and a detailed view of the papillary region and the renal collecting system (£>). 
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Fig. 1.27 Large field-of-view imaging. Coronal large FOV acquisition using table recentering. Routine multislice inspection 
of the chest through pelvis using T2 single-shot ETSE is possible in one acquisition (a). The technique can be modified to acquire 
axial slices over the same regions of interest, with user-specified automatic table movements. Similar strategies can be used to 
perform whole body MRA using a single bolus injection (£>). 
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Fig. 1.28 Liver. Coronal T2-weighted single-shot echo-train spin-echo image (a) shows a high-signal-intensity lesion consistent 
with biliary hamartoma (arrow). Axial Tl -weighted fat-suppressed postgadolinium 3D gradient echo image (£>) shows the biliary 
hamartomas with low signal intensity (arrows). 





Fig. 1.29 Chest. Coronal (a) and axial (b) Tl -weighted fat-suppressed 3D gradient-echo postgadolinium (b) images clearly show 
enhanced pulmonary vessels that can be traced into the periphery of both lungs. 



emphasized one component of whole body MRI, which 
is the use of gadolinium enhanced 3D GE. There are, 
however, five major technical advances that have ren- 
dered whole body screening with MRI a viable method, 
which include: 



1. Remote movement of the imaging table from the 
imaging console 

2. Multiple input channels that allow simultaneous use 
of multiple localized, specialized surface coils that 
generate high-spatial-resolution images of multiple 
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Fig. 1.30 Pelvis. Axial T2-weighted single-shot echo-train spin-echo (a) and axial Tl -weighted fat suppressed 3D gradient echo 
postgadolinium (b) images clearly show the pelvic anatomy. 





Fig. 1.31 Brain. Axial T2-weighted fat-suppressed single-shot echo-train spin-echo (a) and axial Tl -weighted fat-suppressed 3D 
gradient-echo postgadolinium (b) images provide a detailed view of the intra- and extracranial anatomic structures. 



regions of the body, without the delay of coil 
exchange and setup 

3. Specialized surface coils that are designed for inde- 
pendent operation of the individual coil elements 

4. Concurrent development of sequence (data acqui- 
sition) technology that operates in conjunction 



with the new specialized coils, such as parallel 
imaging 

Development of high-image-quality 3D Tl -weighted 
gradient echo with short echo time (TE) that facili- 
tates acceptable imaging quality of various organ 
systems, most notably the lungs 
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The combined effect of all these above innovations 
has allowed, among other things, full body imaging to 
be performed more rapidly (because of remote table 
movement and new short data acquisitions), with main- 
tenance of high image quality (simultaneous use of 
multiple specialized coils), and with the ability to image 
the lungs with adequate image quality (3D Tl -weighted 
gradient echo imaging). The result is that the entire 
body can be imaged in a matter of 10-15 min, with high 
image quality maintained (Table 1.9). 

To use an imaging study to screen for disease, it 
must be able to detect disease accurately and reliably 
while avoiding describing normal parts of the body as 
diseased. Since whole body CT and MRI screening are 
relatively new procedures, limited data have been col- 
lected comparing the two methods. There is growing 
concern in the medical community that whole body CT 
screening leads to a large number of questionable find- 
ings, requiring additional procedures, including surgery, 
and creating added risks and costs for the individual 
(29). Most of the information comparing the perfor- 
mance of CT and MRI has been gathered through diag- 
nostic studies, that is, imaging studies ordered for the 
detection of suspected disease. Overall, MRI has been 
found to discover more lesions and correctly character- 
ize more disease, whether benign or malignant, than 
CT. In these capacities, MRI has been shown to be 
superior to CT for examining specific regions of the 
body, for example, head, spine, musculoskeletal, 
abdomen, and pelvis [30-36]. In the past, the sole 
exception to this rule has been imaging of the lungs, 
which is performed better by CT than MRI, although 
new MRI techniques show promising results [28, 37]. 

Cost of the imaging study is also an important con- 
sideration. Because of the nature of the complexity of 
the imaging system and intrinsic maintenance costs, MRI 
is unavoidably a more expensive test than CT. The 
machinery has many more components, and the require- 
ment for liquid helium and liquid nitrogen to be con- 
tinuously replenished renders it intrinsically more 
expensive. The real cost of MRI is greater than that of 
CT: An approximate estimate is that studies are about 
20% more expensive. 

Regarding safety, MRI is a safer modality than CT, 
both the imaging system itself and the intravenous con- 
trast agent employed [38-42]. The powerful magnetic 
field and radiofrequency energy of MRI has not been 
shown to cause cancer or fetal abnormalities, unlike the 
ionizing radiation used in CT that is a known cause of 
cancer and fetal anomalies. It is important to note that 
although X-rays are known to cause cancer, the exact 
risk of cancer from receiving CT scans, and even repeat 
CT exams, is unknown. A more in-depth discussion on 
cancer risks from radiation exposure in CT and other 
X-ray procedures has recently been published [43]. The 



intravenous contrast agents used routinely in MRI, gad- 
olinium-containing agents, are also considerably safer 
than the analogous intravenous agents employed in 
contrast-enhanced CT, which are iodine-based agents. 
There is a much lesser association with kidney injury 
with the MRI contrast agents, and much lesser associa- 
tion with allergic reactions, including severe allergic 
reactions that can lead to death [44-46]. That is why in 
general individuals who are undergoing diagnostic 
imaging studies will have an MRI study rather than CT 
if they have poor kidney function or a history of aller- 
gies. Other very compelling aspects of the use of intra- 
venous contrast agents with MRI are that the diameter 
of the intravenous catheter inserted is much smaller 
with MRI, the volume of contrast material that is injected 
intravenously is 10 times less than with CT (the rapid 
injection of the large volume of contrast with CT can 
create a strong sense of nausea), and the injection rate 
is slower with MRI than with CT. Additionally, the 
chance of the injected contrast agent not going into the 
vein but into the surrounding tissues is also greater with 
CT, which is a problem compounded by the large 
volume of the fluid injected. 

Therefore, if MRI is superior to CT for finding small- 
volume disease, correctly classifying disease, demon- 
strating that normal structures are intact and not diseased, 
and safer and less painful (smaller needle stick with 
MRI), then why is MRI still not considered the method 
of choice for whole body screening? Historically, the 
primary reason for this is that MRI is much slower to 
perform than CT, and imaging of the lungs was subop- 
timal. Recently, the MR systems that are manufactured 
have imaging capability that allows them to image 
the entire body much faster, while maintaining high 
image quality that even machines made in 2003 did 
not possess. Basically new designs of transmit-receiver 
coils, easier movement of the imaging table, and new 
data acquisition techniques have allowed rapid imaging 
of the entire body, and also acceptable image quality 
of the lungs. High-quality whole body MRI imaging that 
would take 2 hours even in 2003, now can be done in 
10-15 min, making the technique very suitable for rapid, 
highly accurate whole body imaging in an easily toler- 
able time frame. 

Although at present reliability and accuracy of MR 
imaging at detecting diseases of certain organs including 
liver, brain, spine, pancreas, and kidneys is extremely 
high and imaging of the lungs is reasonable, optimal 
imaging of the heart, breast, and colon still requires 
further development to achieve consistent image quality 
and consistent accurate display of small- volume disease. 
Nonetheless, imaging of all the latter mentioned organs 
is currently at a diagnostically acceptable level. 

Currently manufactured MR systems have evolved 
to the point that the equipment can image through the 
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entire body with good image quality and sensitivity to 
detect disease within a 15-min period. Whole body, 
high-quality, MRI screening is now feasible. 
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LIVER 



LARISSA BRAGA, DIANE ARMAO, MOHAMED ELAZZAZI, 
AND RICHARD C. SEMELKA 



NORMAL ANATOMY 



The liver is the most massive of the viscera and com- 
mands the right upper quadrant of the abdomen. The 
current classification system of liver segmental anatomy, 
as refined by Couinaud [1], describes the liver as divided 
into eight independent functioning units or segments, 
each of which is served by its own vascular pedicle (arte- 
rial, portal venous, and lymphatic) and biliary drainage. 
This improved understanding of the intrahepatic archi- 
tecture has fueled technical progress in liver surgery and 
transplantation. Vessels are clearly discernible with MRI, 
which makes this technique ideally suited to the study 
of the functional segmental anatomy of the liver (fig. 2.1). 
With respect to the imaging features of liver, there 
are three fissures that help define functional right and 
left hepatic lobes and the major hepatic segments. The 
interlobar fissure, located on the inferior liver margin, 
is oriented along a line passing through the gallbladder 
fossa inferiorly and the middle hepatic vein superiorly. 
Although well defined in some patients, the interlobar 
fissure is usually difficult to identify. The left interseg- 
mental fissure (fissure for the ligamentum teres) forms 
a well-defined sagitally oriented cleft in the caudal 



aspect of the left hepatic lobe, serving to divide the lobe 
into medial and lateral segments. The ligamentum teres, 
or obliterated vestige of the left umbilical vein, normally 
ensconced in a small amount of fat, runs through this 
fissure after entering it via the free margin of the falci- 
form ligament. The third fissure, or fissure for the liga- 
mentum venosum, is oriented in a coronal or oblique 
plane between the posterior aspect of the left lateral 
hepatic segment and the anterior aspect of the caudate 
lobe. This fissure forms a continuum with the interseg- 
mental fissure. The fissure for the ligamentum venosum 
cuts deeply anterior to the caudate lobe and contains 
the two layers of the lesser omentum. 

The porta hepatis is a deep transverse fissure situ- 
ated between the medial segment anteriorly and the 
caudate process posteriorly. At the porta hepatis, the 
portal vein, hepatic artery, and hepatic nerve plexus 
enter the liver and the right and left hepatic ducts and 
lymphatic vessels emerge from it. The caudate lobe 
stands at the watershed between right and left porto- 
biliary arterial territories. Because the caudate lobe 
drains directly into the inferior vena cava, it may escape 
injury from venous outflow obstruction [2]. Whereas 
branches of the hepatic artery, the portal vein, and 
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Fig. 2.1 Normal anatomy. Transverse SGE images (a-d). The vascular anatomy of the liver includes the hepatic venous sys- 
tem — superior, middle, and inferior hepatic veins (arrows, a, b) and portal venous system — right portal vein(long white arrow, c) 
and left portal vein (arrow, d). Note the caudate lobe, the fissure for the ligamentum venosum (small black arrow, c), and the fissure 
for the ligamentum teres (large black arrow, c). 



tributaries of the bile ducts travel together serving seg- 
ments of the liver, hepatic veins run independently and 
are intersegmental (fig. 2.2). The close relationship of 
the hepatic artery portal vein and bile ducts on a mac- 
roscopic level is mirrored on a microscopic level by the 
presence of portal triads comprising hepatic arterioles, 
portal venules, and interlobular bile ducts. 



MRI TECHNIQUE 

The current standard MRI examination of the liver 
includes a T2-weighted sequence, a Tl-weighted 
sequence, and a dynamic contrast-enhanced sequence 
(fig. 2.3). The most comprehensive contrast administra- 
tion approach is the use of gadolinium chelate, as a 
rapid bolus injection with serial imaging using spoiled 
gradient echo (SGE), 3D gradient echo, or a combina- 
tion of both. A variety of sequences exist that generate 



T2- and Tl-weighted images. Field strength and gradi- 
ent factors of the MRI machine generally dictate the type 
of sequences employed. At lower field strength (<1.0T) 
spin-echo sequences are generally used because of 
gradient strength and signal-to-noise ratio (SNR) limita- 
tions. At high field strength (3.0 T) echo-train sequences 
are used for T2- weighted sequences, and gradient-echo 
sequences are generally used for Tl-weighted sequences. 
At 3-0 T the higher SNR significantly improves the image 
quality of postcontrast 3D-GE sequences, mainly to 
depict and characterize small liver nodules in chronic 
disease. However, new sequences are needed to 
improve image quality before contrast and reduce arti- 
facts [3]. See Chapter 1 for a more complete description 
of standard liver imaging protocols. The vast majority 
of liver diseases can be characterized by the combined 
information provided by T2, Tl, and early (hepatic arte- 
rial dominant) and late (hepatic venous) gradient echo 
images (figs. 2.4-2.6). A recent study [4] stressed that 
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Fig. 2.2 Portal venous system. Anteroposterior projection 
from 3D MIP reconstruction of a set of coronal gadolinium- 
enhanced 2-mm 3D MRA source images. Superior mesenteric vein 
(small arrow), splenic vein (curved arrow), main portal vein (large 
arrow), and intrahepatic portal veins (long arrow) are well defined 
on this gadolinium-enhanced 3D MRA source image. 




r- w 




Fig. 2.3 Normal liver and sequences. T2-weighted fat-suppressed SS-ETSE (a), SGE (£>), and immediate (c), 45-s (d), and 90-s 
fat-suppressed (e) postgadolinium SGE images. Liver is lower in signal than normal, non-iron-deposited spleen on the T2-weighted 
(a) and higher in signal intensity than spleen on the Tl -weighted (b) images. A liver imaging protocol should include noncontrast 
T2-weighted (a) and Tl-weighted (£>) sequences and hepatic arterial dominant phase (c), early hepatic venous phase (d), and hepatic 
venous phase fat-suppressed (e) sequences. 
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Fig. 2.3 (Continued) SGE (f) and immediate (g), 45-s (/?), and 
90-s (O fat-suppressed postgadolinium SGE images in a second 
patient at a lower tomographic level than the first patient. Note 
the presence of contrast in the main portal vein and branches but 
not in the branches of hepatic veins on the immediate postgado- 
linium image (g), denoting that the sequence was acquired in the 
perfect timing of the contrast. At 45 s after gadolinium (If), the 
liver is homogeneously enhanced with all vessels opacified, which 
persists on 90-s images (/')• 
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Fig. 2.4 Hepatic arterial-phase gadolinium-enhanced SGE images. Transverse hepatic arterial-phase images from the level 
of the hepatic veins (a) and portal vein (£>). The hepatic artery (thin arrow, b) is enhanced. Hepatic veins (arrow, a) and portal 
vein (curved arrow, b) are not enhanced. Some enhancement is appreciated in the splenic parenchyma and superior aspect of the 
left kidney, showing that these images were acquired in approximately the middle of the hepatic arterial enhancement phase. 





Fig. 2.5 Hepatic arterial dominant-phase gadolinium-enhanced SGE images. Immediate postgadolinium SGE images in 
2 patients (a and b, and c and d, respectively). Images acquired from the higher tomographic sections (a, c) demonstrate absence 
of gadolinium in hepatic veins and images acquired from the more inferior tomographic sections (b, d) demonstrate presence of 
gadolinium in hepatic arteries and portal veins. 
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Fig. 2.6 Hepatic arterial, hepatic arterial dominant phase, 
and Mn-DPDP-enhanced SGE images. Hepatic arterial (a), 
hepatic arterial dominant-phase postgadolinium (£>), and Mn- 
DPDP-enhanced SGE (c) images. Two lobular lesions are seen in 
the right hepatic lobe and demonstrate moderate high signal after 
manganese administration (c). Hepatic arterial phase (a) shows 
faint heterogeneous enhancement that may suggest a hepatocel- 
lular carcinoma. The intense blush on hepatic arterial dominant 
phase (b), with a central scar (arrows, b) is, however, character- 
istic for a FNH. Note that on hepatic arterial phase the lesions are 
not so evident (arrows, a) as in hepatic arterial dominant phase 
(b). Note that uptake of Mn-DPDP by the lesions is consistent with 
FNHs (c). 




the arterial phase can be divided in five subgroups as 
follows: early hepatic arterial phase, mid-hepatic arterial 
phase, late hepatic arterial phase, splenic-vein-only 
hepatic arterial dominant phase, and hepatic arterial 
dominant phase, based on the presence of contrast in 
major abdominal vessels, as well as renal cortex, spleen, 
pancreas, and liver parenchyma. The importance of this 
subdivision is the impact of detection of hypervascular 
liver lesions based upon the phase where images were 
acquired. Table 2.1 describes the appearance of common 
focal liver lesions with this approach. 



LIVER CONTRAST AGENTS 

Intravenously administered contrast agents have been 
used in clinical magnetic resonance imaging of the liver 
since 1988. The need for more accurate detection and 
characterization of the full spectrum of liver pathology 
has been the major impetus for continued development 
in intravenous contrast agents [4, 5]. The first category 
of contrast agents to be used in clinical practice was 
that of nonspecific extracellular gadolinium chelates. 



Since then, other classes of contrast agents have been 
developed for liver MR studies. There are two histologi- 
cally and functionally distinct populations of cells in 
the liver. Liver epithelial cells, or hepatocytes, carry out 
the major metabolic activities. Hepatocyte function is 
assisted by another major class of cells, the reticuloen- 
dothelial system (RES), which possess storage, phago- 
cytic, and mechanically supportive functions. In recent 
years, hepatocyte-selective contrast agents and RES- 
specific contrast agents have targeted these cell popula- 
tions and added a new dimension to hepatic MR 
imaging. Clinically available liver contrast agents can be 
categorized as follows: 1) nonspecific extracellular 
contrast: gadolinium chelates; 2) hepatocyte-selective: 
Mn-DPDP (mangafodipir trisodium); 3) agents with 
combined early nonspecific extracellular and late hepa- 
tocyte-selective properties: Gd-EOB-DTPA (gadolinium 
ethoxybenzyl diethylenetriaminepentaacetic acid) and 
Gd-DTPA-BOPTA (gadolinium benzyloxypropionictet- 
raacetate); 4) RES-specific: superparamagnetic iron 
oxide particles (SPIO); 5) agents with combined early 
blood pool and late RES-specific properties: ultrasmall 
paramagnetic iron oxide particles. 



LIVER CONTRAST AGENTS 



51 



Table 2.1 Liver lesion 


pattern recognition 








T1 


T2 


EARLY GD 


LATE GD 


OTHER FEATURES 


Cyst 


U 


TT 


O 


O 


Well defined 


Hamartoma 


U 


TT 


Thin rim 


Thin rim 


<1 cm 


Hemangioma 


U 


TT 


Peripheral nodules 


Nodules coalesce, retain 
contrast 


<1 .5-cm lesion may enhance 
homogeneously 


FNH 


1-0 


0-T 


Homogeneous intense, 
negligible scar 
enhancement 


Homogeneous washout, 
late scar enhancement 


Central scar, liver is commonly fatty 


Adenoma 


i-T 


0-T 


Homogeneous intense 


Homogeneous washout 


Uniform signal loss on out-of-phase 
T1 , hemorrhage not uncommon 


Metastases 


i 


T 


Ring 


Progressive with 
heterogeneous washout 


<1 .5-cm lesion may enhance 
homogeneously 


HCC 


Ir-t 


0-T 


Diffuse heterogeneous 


Heterogeneous late 
washout, capsule 
enhancement 


<1 .5-cm lesion may enhance 
homogeneously 


Bacterial abscess 


u 


T-TT 


Perilesional 


Perilesional enhancement 


Resemble metastases but no 








enhancement, 


fades, capsule remains 


progressive lesion enhancement 








capsule enhancement 


enhanced 




Lymphoma, secondary 


i 


T 


Ring 


Progressive mild 
enhancement 


Resemble metastases 


Lymphoma, primary 


i 


T 


Diffuse heterogeneous 


Progressive with 
heterogeneous washout 


Resemble HCC 


Regenerative nodule 


1-0 


1-0 


Negligible 


Negligible 


Lesions generally <1.5cm and 
homogeneous 


Mildly dysplastic nodule 


i-T 


— 


Minimal 


Minimal 


Lesions generally <1.5cm and 
homogeneous 


Severely dysplastic nodule 


i-T 


— 


Homogeneous intense 


Fade to isointensity with 
liver 


Lesions generally <1.5cm, 
homogeneous, and no capsule 



ii Moderately decreased signal intensity 
intensity, O No enhancement 



i Mildly decreased signal intensity, Isointense, T Mildly increased signal intensity, TT Moderately increased signal 



Nonspecific extracellular gadolinium chelates are 
the standard contrast agents to image liver and other 
organs and tissues in patients evaluated with MR imaging 
for a diverse range of indications. These paramagnetic 
contrast agents provide important information about 
tumor perfusion, which is a key factor in the assessment 
of liver masses [6-8]. Gadolinium chelates are optimally 
used when they are administered as a rapid bolus and 
imaging is performed with a Tl -weighted gradient-echo 
sequence that is repeated in a dynamic serial fashion. 
This is best achieved at high field strength. The elimina- 
tion is 100% renal. The most important phase of 
enhancement may be termed the hepatic arterial domi- 
nant phase, with contrast present in hepatic arteries and 
portal veins and before contrast appears in hepatic 
veins (figs. 2.5 and 2.6). The hepatic arterial phase has 
contrast present only in the hepatic arteries (see fig. 
2.4). See Chapter 1 for a more complete description. 

Hepatocyte-selective contrast agents undergo uptake 
by hepatocytes and are eliminated through the renal 
and biliary system [9-11]. This category of contrast 
agents— Mn-DPDP (mangof odipir) , Gd-EOB-DTP A 



(primivist), and Gd-BOPTA (multiHance) — are all Tl- 
relaxation-enhancing agents that are taken up by and 
result in an increase in the signal intensity of normal 
liver tissue and hepatocyte-containing tumors. Gd-EOB- 
DTPA and Gd-BOPTA exhibit early perfusional informa- 
tion as well. These contrast agents are not taken up by 
non-hepatocyte-containing masses (e.g., hemangioma, 
metastases) on late, >10-min, postcontrast images; 
therefore, they leave signal unchanged in these entities 
on Tl -weighted images. Non-hepatocyte-containing 
masses are rendered more conspicuous by the increase 
in signal of background liver tissue. Advantages of Tl 
relaxation agents include the following: 1) Use of gradi- 
ent echo (as 2D or 3D sequences with or without fat 
suppression) results in robust, reproducible image 
quality with complete liver coverage in one breath hold, 
and 2) they do not result in artifacts, such as susceptibil- 
ity artifact, that can mask small lesions. Mangof odipir 
and multiHance are licensed by the FDA for use in 
humans. Mangof odipir is administered as a slow (1 min) 
intravenous infusion, and the maximal imaging window 
is between 15 min and 4h [5, 12, 13]. Dynamic images 
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cannot be obtained with this agent, and therefore it is 
not necessary that the MR machine have high field 
strength. At this stage of clinical use, this agent appears 
to be safe and well tolerated. At present, the best clini- 
cal role for Mn-DPDP is to improve detection of the 
number and extension of focal liver metastases from 
colon cancer in patients in whom hepatic resection is 
being contemplated [5, 13, 14]. The combined use of 
conventional gadolinium chelates and Mn-DPDP has 
been described [13]. This approach combines the per- 
fusional information of gadolinium with the hepatocyte 
uptake information of Mn-DPDP (fig. 2.7). In selected 
cases, the combination of gadolinium chelates and 
liver-specific contrast agents may provide additional 
information. This combined-agent approach may not be 
necessary any more since multiHance, which possesses 



both early perfusional and late hepatocellular activity, 
is now licensed for use. 

Gd-EOB-DTPA (fig. 2.8) and Gd-BOPTA are com- 
bined extracellular/hepatocyte agents that can be used 
to acquire early perfusional information similar to stan- 
dard gadolinium chelates. Gd-EOB-DTPA demonstrates 
diagnostically useful hepatocyte enhancement at 10- 
15min after injection, whereas Gd-BOPTA requires a 
delay of lh after injection for hepatocyte selection 
enhancement [15-21]. The early perfusional information 
is very important for lesion characterization, with the 
additional benefit of improved detection, particularly for 
hypervascular lesions. The late images may be used for 
lesion detection with some additional information to 
distinguish hepatocyte-containing from non-hepatocyte- 
containing tumors. Although hepatocyte-specific agents 





Fig. 2.7 Mn-DPDP-enhancement. Mn-DPDP-enhanced SGE (a) and Mn-DPDP-enhanced Tl -weighted fat-suppressed SE (b) 
images in a normal patient. Normal liver homogeneously enhances with Mn-DPDP because of its Tl-shortening effect. Excretion of 
Mn-DPDP in the biliary system is shown as high-signal-intensity fluid in biliary ducts (arrow, a, b). 

Coronal Mn-DPDP-enhanced SGE (c) and transverse Mn-DPDP-enhanced Tl -weighted fat-suppressed spin-echo id) images in a 
second patient. Note the increased signal intensity of normal liver tissue after administration of Mn-DPDP. 
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Fig. 2.7 (Continued) SGE (e) and 30-min post-Mn-DPDP SGE (/") images in a third patient. Subtle low-signal-intensity mass lesions 
are apparent on the precontrast image (arrows, e). After Mn-DPDP enhancement (/") the HCCs enhance slightly more intensely than 
background liver, rendering the tumors minimally hyperintense. A pseudocapsule is appreciated around the more posterior tumor 
on both the precontrast and postcontrast images. 

Transverse noncontrast SGE (g) and 10-min post-Mn-DPDP-enhanced SGE (h) and coronal 10-min Mn-DPDP-enhanced SGE (/) 
images in a fourth patient with liver metastases. The liver increases in signal from pre (g> to post (/?)-Mn images, increasing the 
conspicuity of the metastases. Note the excretion of Mn-DPDP into the biliary system (/)• 

Mn-DPDP-enhanced 512-resolution SGE image (/') in a fifth patient who has a liver metastasis (arrow,/). The liver detail is greater 
than usual, reflecting the use of 512 matrix. 
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Fig. 2.8 Hemangioma, Gd-EOB-DTPA-enhanced. Echo- 
train STIR (a) and immediate (b) and 10-min post-Gd-EOB-DTPA 
(c) images. There is a lobular lesion in the tip of the right lobe 
(arrow, a) that is high signal intensity on the T2-weighted image 
(a) and exhibits peripheral nodular enhancement immediately 
after the administration of contrast (b) and hepatocellular uptake 
and washout of the lesion at 5 min. This lesion is consistent with 
a hemangioma based on the well-defined lobular margins, high 
signal on T2, and early peripheral nodular enhancement. 




permit distinction between hepatocyte-containing 
tumors (e.g., adenoma, focal nodular hyperplasia, hepa- 
tocellular carcinoma) and non-hepatocyte-containing 
tumors (e.g., hemangioma, metastases), it is generally 
more important to distinguish between benign and 
malignant tumors. Early perfusional information gener- 
ally achieves this goal. Gd-BOPTA provides distinction 
between FNH, which demonstrates delayed 1-h 
enhancement, and hepatic adenoma and moderately 
poorly differentiated HCC, which do not exhibit late 
enhancement (fig. 2.9). 

Iron oxide particle agents are selectively taken up 
by RES in the liver, spleen, and bone marrow. This class 
of contrast agent is also termed superparamagnetic iron 
oxide (SPIO), and the first of these agents licensed for 
use in the United States are the ferumoxides. RES cell- 
specific contrast agents are T2 relaxation-enhancing 
agents that lower the signal intensity of normal RES 
cell-containing liver tissue on T2-weighted images and 
do not alter the signal intensity of mass lesions that do 
not contain RES cells (e.g., metastases) [22-24]. Blood 
pool effects may be observed with hemangiomas, which 



can result in Tl shortening on Tl -weighted sequences 
[25, 26]. This results in an increase in detection and in 
the conspicuity of liver tumors that are moderately high 
in signal intensity on T2-weighted images [25] (fig. 2.10). 
The patient group in which this role for SPIO may be 
the most applicable is patients with liver metastases 
from colon cancer and HCC who are considered to be 
candidates for hepatic resection or liver transplant [5, 
27, 28]. Studies have shown that SPIO-enhanced T2- 
weighted MR imaging has performance comparable to 
that of CT during arterial portography for the demon- 
stration of liver metastases [29, 30]. However, other 
reports demonstrated that SPIO-enhanced MRI has a 
higher sensitivity and accuracy to detect hepatic malig- 
nancies than helical CT [31-34]. A cautionary note for 
this agent is that susceptibility artifact may potentially 
interfere with detection of sub-centimeter lesions such 
as metastases. A number of sequences have been 
employed to improve image quality, including gradient- 
echo sequences with a longer TE (>6ms), single-shot 
or breath-hold echo-train spin echo, and breathing- 
averaged proton density echo-train spin echo. Combined 
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Fig. 2.9 FNH, Gd-BOPTA-enhanced. SS-ETSE (a), SGE (&), and immediate (c), 90-s (d), and 1-h (e) postinjection Gd-BOPTA 
contrast images. There is a lesion in the right hepatic lobe that exhibits slightly high signal intensity on T2-weighted image (a), 
isointensity on Tl -weighted image (£>), and intense enhancement on immediate post contrast image (c) and fades as the background 
parenchyma on 90-s postcontrast image id). This lesion has a central scar that is well seen on the T2-weighted image (arrow, a) 
and on the immediate postcontrast image (c). On 90-s postcontrast image id) the scar enhances and acquires signal intensity com- 
parable to the lesion. The lesion shows higher signal intensity than the background parenchyma 1 h after administration of contrast 
(e), and the scar demonstrates lower signal intensity than the lesion, consistent with lesional contrast uptake in this phase. (Courtesy 
of Guenther Schneider, M.D., Ph.D., Dept. of Diagnostic and Interventional Radiology, University Hospital Homburg/Saar, Germany.) 
T2-weighted SS-ETSE (/"), SGE (g), and immediate (h), 90-s fat-suppressed (i), and 1-h (/') postcontrast SGE images in a second 
patient show similar findings. The tumor enhances intensely on immediate postcontrast images (arrow, h) and shows 1-h delayed 
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(0 (/) 

Fig. 2.9 (Continued) enhancement, consistent with and FNH. The central scar is not as well defined as in the first patient. 



use of SPIO and conventional gadolinium chelates has 
been described [35]. This approach combines the per- 
fusional information of gadolinium with the RES infor- 
mation of SPIO. It may be expected that their combined 
use would be more effective for detection and charac- 
terizing focal lesions than either contrast agent alone 
[35]. The long infusion period (30min) is an inconve- 
nient aspect of this agent, which necessitates two 
imaging sessions for nonenhanced and enhanced 
images. Attractive features of the agent include the long 
imaging window (1-4 h), no need for precise dynamic 
image acquisition related to contrast material adminis- 
tration, and acceptable image quality with machines of 
various field strengths. Although serious adverse events 
are rare, approximately 3% of patients will experience 
severe back pain while the contrast agent is being 
administered. This back pain appears to be a side effect 
of particulate agents in general and develops in patients 
in whom the contrast agent is administered too rapidly 



[35]. This agent can also be administered as a small- 
volume rapid bolus, which is greatly advantageous 
over the larger particulate agent superparamagnetic iron 
oxide. 

Ultrasmall paramagnetic iron oxide particles have 
blood pool effects that may be helpful in detecting or 
characterizing vascular lesions such as hemangiomas 
[36] and provide bright vessel enhancement in the vas- 
cular phase, which can be used for MR angiography [5]. 

Other tissue-specific contrast agents are under devel- 
opment such as those targeted to cell membrane antigens 
[37]. The application and role of new contrast agents will 
ultimately depend on how they compare with nonspe- 
cific extracellular gadolinium chelates. Prior studies have 
compared contrast agents in an attempt to define clinical 
uses [12, 17, 38-42]. Defined clinical roles are under 
development for these new agents. It is likely that the 
majority of these agents cannot replace extracellular 
gadolinium entirely because of its broad applicability. 







Fig. 2.10 Gadolinium and iron oxide. Noncontrast SGE (a), immediate postgadolinium SGE (&), iron oxide-enhanced SGE 
(c), and iron oxide-enhanced T2-weighted fat-suppressed (d) images in a patient with colon carcinoma imaged with a gadolinium 
study performed 19 days before an iron oxide study. A 3-cm metastasis is seen in the right hepatic lobe, which is moderately low 
signal on the noncontrast SGE image (a) and demonstrates a peripheral ring enhancement on the immediate postgadolinium SGE 
image (£>), consistent with metastasis. On the iron oxide-enhanced SGE image (c), a lowered signal intensity in the liver and spleen 
is noted, diminishing the conspicuity of the metastasis. On the iron oxide-enhanced T2-weighted image (d), the signal intensity of 
the liver and spleen are markedly lower, increasing the conspicuity of the metastasis. 

Iron oxide-enhanced SGE (e), iron oxide-enhanced T2-weighted fat-suppressed (/"), and immediate postgadolinium iron oxide- 
enhanced SGE (g) images in a second patient with colon carcinoma imaged with iron oxide and gadolinium contrast agents, with 
iron oxide imaged first in a combined protocol. A lesion is present in the right hepatic lobe, which is low signal intensity on the 
iron oxide-enhanced SGE image (e) and high signal intensity on the iron oxide-enhanced T2-weighted image (/"). The lesion enhances 
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Fig. 2.10 (Continued) with a peripheral ring pattern consis- 
tent with a metastasis on the immediate postgadolinium iron 
oxide-enhanced SGE image (g). Lesion conspicuity is high on the 
postgadolinium iron oxide-enhanced image because of the 
lowered signal intensity of the background liver parenchyma and 
intense early enhancement of the neoplasm. (Reproduced with 
permission from Semelka RC, Lee JKT, Worawattanakul S, Noone 
TC, Patt RH, Asher SM. Sequential use of ferumoxide particles and 
gadolinium chelate for the evaluation of focal liver lesions on MRI. 
J Magn Reson Imaging 8: 670-674, 1998). 

Nonenhanced (h) and iron oxide particulate-enhanced (/) T2- 
weighted fat-suppressed ETSE images in a third patient, who has 
liver metastases. After contrast administration (i ), a greater number 
of <l-cm metastases are identified in the liver. 




NORMAL VARIATIONS 



A number of normal variations in liver size and shape 
occur. Common variations include horizontal elongation 
of the lateral segment of the left lobe, hypoplasia of the 
left lobe, and vertical elongation of the right lobe, 
termed the Riedel lobe. The Riedel lobe is fairly common 
and is characterized by a downward tonguelike projec- 
tion of the right lobe. This anatomic variation is more 
frequent in women [43]. Correct identification of a 
Riedel lobe is necessary to avoid confusion with hepa- 
tomegaly. Transverse and coronal images are effective 
at demonstrating this variant, and coronal images are 
useful for excluding an exophytic mass lesion such as 
hepatic adenoma or HCC (fig. 2.11). 

An elongated lateral segment may wrap around 
the anterior aspect of the upper abdomen and extend 



laterally to the spleen. This variation is also more 
common in women. A clear distinction between liver 
and spleen may be made with T2-weighted images, 
in which normal spleen is high in signal intensity 
and distinct from the lower-signal-intensity liver (fig. 
2.12). Hypoplasia of the left lobe does not generally 
result in diagnostic difficulties, although it may simulate 
a left hepatectomy, which clinical history readily 
establishes. 

Diaphragmatic insertions are not an uncommon 
finding along the lateral aspect of the liver. They tend 
to be multiple and closely related to overlying ribs, 
having wedge-shaped margins with the capsular surface 
of the liver (fig. 2.13). Insertions are low in signal on 
T2- and Tl-weighted images. These features help to 
distinguish diaphragmatic insertions from peripheral 
mass lesions. 
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Fig. 2.11 Riedel lobe. Coronal snap-shot magnetization- 
prepared gradient-echo image (a) demonstrates elongation of the 
inferior aspect of the right lobe of the liver (arrow, a) consistent 
with Riedel lobe. 

Coronal T2-weighted SS-ETSE (b) and SGE (c) images in a 
second patient exhibit a Riedel lobe with bulbous inferior aspect. 

Coronal T2-weighted SS-ETSE (d) and SGE (e) images in a third 
patient demonstrate hypertrophy of the Riedel lobe, with a convex 
medial border. 
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Fig. 2.12 Elongated lateral segment of the left lobe. 

T2-weighted fat-suppressed ETSE image demonstrates an elon- 
gated lateral segment that extends lateral to the spleen. Clear 
distinction is made between lower-signal-intensity liver and 
moderately high-signal-intensity spleen on T2-weighted images. 




Fig. 2.13 Diaphragmatic insertion. SGE image demon- 
strates a wedge-shaped defect along the lateral superior margin 
of the liver (arrow). Diaphragmatic insertions are usually mul- 
tiple but may be single as in this case. Incidental note is made 
of a subdiaphragmatic lymph node (large arrow). 



DISEASE OF THE HEPATIC 
PARENCHYMA 

Benign Masses 

Solitary (Nonparasitic) Cysts 

Hepatic cysts are common lesions and are usually 
divided into unilocular (95 %) or multilocular varieties. 
Although the pathogenesis of these cysts is not clear, 
developmental and acquired causes are postulated. 
Acquired cysts are thought to represent retention cysts 
of bile ductule derivation [44]. Pathologically, the lining 
of the cyst shows a single layer of cuboidal to columnar 



epithelial cells. Lining epithelium rests on an underlying 
fibrous stroma. 

On imaging, cysts are homogeneous, well-defined 
lesions that possess a sharp margin with liver. Although 
slight variations are common, cysts are usually oval- 
shaped [45]. Occasionally, cysts are so closely grouped 
that they resemble a multicystic mass. Simple cysts are 
low in signal intensity on Tl -weighted images and high 
in signal intensity on T2-weighted images, and thus 
retain signal intensity on longer echo time (e.g. >120ms) 
T2-weighted images. Because cysts do not enhance with 
gadolinium on MR images, delayed postgadolinium 
images (up to 5min) may be useful to ensure that 
lesions are cysts and not poorly vascularized metastases 
that show gradual enhancement (figs. 2.14-2.17) [46]. 
Rarely, a simple cyst may bleed because of trauma or 
malformation within or nearby the cyst wall. On T2- and 
Tl -weighed precontrast images, the hemorrhagic cysts 
may show variable findings according to the age of 
hemorrhage (see trauma section) (fig. 2.18). Fluid-fluid 
level within the cyst cavity and a thickened and irregular 
wall are often observed in the hemorrhagic cyst [47]. 
Negligible enhancement of the cyst walls is generally 
present when the cysts do not exhibit inflammatory or 
fibrotic changes. 

An advantage of MRI over computed tomography 
(CT) imaging in the characterization of cysts is that on 
gadolinium-enhanced MR images cysts are nearly signal 
void, whereas cysts on contrast-enhanced CT images 
are a light gray in attenuation. Single-shot breathing- 
independent T2-weighted sequences (e.g., SS-ETSE) are 
especially effective at showing small (<5mm) cysts. MRI 
is particularly valuable when lesions are small and the 
patient has a known primary malignancy. 

Ciliated Hepatic Foregut Cysts 

Foregut cysts are an uncommon type of solitary uni- 
locular cyst. These congenital lesions are believed to 
arise from the embryonic foregut and to differentiate 
toward bronchial tissue in the liver. Pathologically, the 
cyst wall consists of four layers: pseudostratified ciliated 
columnar epithelium with mucous cells, subepithelial 
connective tissue, abundant smooth muscle, and an 
outermost fibrous capsule. These cysts are most fre- 
quently located at the anterosuperior margin of the 
liver, but may be situated elsewhere, superficially along 
the external surface of the liver, typically at interseg- 
mental locations. 

On MRI, foregut cysts characteristically bulge the 
liver contour and show hyperintensity on T2-weighted 
images and range from hypo- to hyperintense on Tl- 
weighted images [48, 49]. The presence of mucin in 
these cysts results in high signal intensity on Tl -weighted 
images, with the extent of increase in signal intensity 
dependent on the concentration of mucin (fig. 2.19). 
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Fig. 2.14 Simple unilocular cysts. T2-weighted SS-ETSE (a, b), SGE (c, d), and immediate (e, f) and 90-s fat-suppressed (g, h) 
postgadolinium SGE images in the same patient but at different levels. There are two well-defined lesions (arrow, a, b) that are 
homogeneously high signal on T2-weighted images (a, b) and homogeneously low signal on Tl -weighted images (c, d) and show 
no enhancement after administration of gadolinium (e-h), consistent with simple liver cysts. 
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Fig. 2.14 (Continued) T2-weighted SS-ETSE (/), SGE (/'), and immediate (k) and 90-s fat-suppressed (/) postgadolinium images 
in a second patient that demonstrate a small cyst in the right hepatic lobe with the same MRI characteristics as described above. 
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Fig. 2.14 (Continued) Coronal T2-weighted SS-ETSE (m), transverse echo train-STIR (n), and immediate (o) and 90-s fat- 
suppressed (p) postgadolinium SGE images in a third patient. Multiple simple cysts of different sizes are scattered throughout the 
hepatic parenchyma. 





Fig. 2.15 Small simple cysts. Coronal T2-weighted SS-ETSE (a), SGE (&), and immediate (c) and 90-s fat-suppressed id) post- 
gadolinium SGE images. Two cysts, 2 mm and 10 mm, are present in this patient. Cysts measuring <5mm are most clearly shown 
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Fig. 2.15 (Continued) on T2-weighted images (arrows, a). The 10-mm cyst is signal void on early (arrow, c) and late (d) post- 
gadolinium images. 





Fig. 2.16 Large simple cyst. T2-weighted SS-ETSE (a), SGE (b), and immediate (c) and 90-s fat-suppressed id) postgadolinium 
SGE images. A large cyst is seen in the right hepatic lobe, which shows high signal intensity on the T2-weighted image (a), low 
signal intensity on the Tl-weighted image (£>), and lack of enhancement on early (c> and late (d)-phase images. 
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Fig. 2.17 Hemorrhagic cyst. Coronal T2-weighted SS-ETSE (a), transverse SGE (£>), and transverse immediate (c) and 90-s fat- 
suppressed(d) postgadolinium images. A large cystic mass with thickened and irregular wall arises from the lateral segment of the 
liver and demonstrates high signal on both T2-weighted (a) and Tl -weighted Qf) images and lack of enhancement on early (c) and 
late id) postcontrast images. A blood-filled cyst was proven by histopathology. 





Fig. 2.18 Multilocular cyst. Coronal T2-weighted SS-ETSE (a), transverse SGE (£>), and immediate (c) and 90-s fat-suppressed 
(d) postgadolinium SGE images. Multiple cystic lesions, some with internal septations, are present in the liver parenchyma. 
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Fig. 2.18 (Continued) 





Fig. 2.19 Small foregut cyst. T2-weighted fat-suppressed SS-ETSE (a), SGE (b), out-of-phase SGE (c), and immediate postgado- 
linium SGE (d) images. A small lesion is seen superiorly in the liver (arrow, a) that exhibits high signal intensity on all sequences 
(a-d). Note that on the out-of-phase image (c) the lesion signal intensity does not drop, confirming that the high signal intensity 
on the in-phase Tl -weighted image represents mucin (proteinaceous material) rather than fat within the lesion. 
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On the serial dynamic enhanced images, there is a 
lack of lesional enhancement but a subtle perceptible 
enhancing cyst wall is noticed (figs. 2.20 and 2.21). The 
presence of a cystic lesion with an enhancing wall and 
extension beyond the contour of the liver may also be 
observed in some forms of metastatic disease such as 
hepatic metastasis from ovarian malignancies. For this 
reason, a diagnosis of foregut cyst on imaging studies 
should only be made in the absence of peritoneal 
disease and a clinical history of malignancy. 

Autosomal Dominant Polycystic Kidney Disease 

In autosomal dominant polycystic kidney (ADPKD) 
disease, the liver is the most common extrarenal organ 
in which cysts occur. It is estimated that up to 75% 
of patients with ADPKD have hepatic involvement. 
Although these cysts vary in number and size, they tend 
to be multiple and smaller than the renal cysts, measur- 
ing up to 4 cm [50]. However, extensive hepatic replace- 
ment with large cysts has been described [51]. Liver cysts 
in ADPKD generally do not distort hepatic architecture 
or undergo hemorrhage, in contrast to kidney cysts in 
this entity. Liver cysts in the setting of ADPKD exhibit 
the same MR features as simple cysts, mentioned above 
in this section (figs. 2.22 and 2.23). Occasionally, hemor- 
rhage may be observed in cysts. Massive involvement of 
the liver with large cysts, which are sometimes hemor- 
rhagic, may result in right upper quadrant pain [50]. 

Biliary Hamartoma 

Biliary hamartomas (or von Meyenburg complexes) are 
benign biliary malformations, which are currently con- 
sidered as part of the spectrum of fibropolycystic dis- 
eases of the liver due to ductal plate malformation [52]. 
This entity is common and estimated to be present in 
approximately 3% of patients. Tumors may be solitary 
or multiple, and multiple tumors can be extensive. 

Histopathologically biliary hamartomas consist of a 
collection of small, sometimes dilated, irregular and 
branching bile ducts embedded in a fibrous stroma. 
A few of the ducts may contain inspissated bile. In 
general, biliary hamartomas contain no or few vascular 
channels. 

On MR images, lesions are small (usually <lcm) 
and well defined. The high fluid content renders these 
lesions high signal on T2-weighted images, low signal 
on Tl-weighted images, and negligible lesional enhance- 
ment on early and late postgadolinium images. Although 
this appearance resembles simple cysts, biliary hamar- 
tomas demonstrate a subtle thin rim of enhancement 
on early and late postcontrast images (figs. 2.24 and 
2.25). The major potential diagnostic error is to misclas- 
sify these lesions as metastases because of the presence 
of the rim enhancement. The thin enhancing rim of 
biliary hamartomas, visualized on imaging, may be cor- 



related histopathologically with the presence of com- 
pressed hepatic parenchyma bordering the lesion [52]. 
In contrast, the pattern of ring enhancement displayed 
by metastases relates histopathologically with the outer, 
most vascularized portion of the tumor. Peritumoral 
enhancement is also observed in some metastases as 
described in the next section. MR imaging further cor- 
roborates the different histologic profiles of the two 
processes through the observation that enhancement in 
biliary hamartoma does not progress centrally, whereas 
enhancement in metastases most often progresses cen- 
trally (fig. 2.26). 

Biliary Cyst adenoma/Cyst adenocarcinoma 

Although rare, benign and malignant cystic tumors of 
biliary origin may arise in the liver. There is a peak 
incidence of these lesions in the fifth decade, with a 
great predominance in women. Pathologically, on gross 
inspection, tumors are typically large and multiloculated 
and filled with clear or mucinous fluid. Mural nodules 
may be a component of some cysts. Histologically, cystic 
and stromal components are present to variable degrees. 
Malignant lesions will exhibit pronounced cytologic 
atypia with evidence of stromal invasion [53-56]. 

On imaging, these tumors frequently have solid 
nodules associated with cystic components (fig. 2.27) 
[57]. Occasionally, mucin content renders these tumors 
high in signal intensity on Tl-weighted images [53, 56]. 
Solid components of the tumor demonstrate early het- 
erogeneous enhancement in a pattern consistent with 
tumors of hepatic origin. Enhancement is often minimal 
in intensity, distinguishing these tumors from the exten- 
sive enhancement of HCC [58]. 

Extramedullary Hematopoiesis 

Focal intrahepatic extramedullary hematopoiesis (EH) is 
an unusual condition that may appear as focal hepatic 
masses in the setting of hereditary disorders of hema- 
topoiesis or in longstanding hematologic malignancies. 
EH is a compensatory phenomenon that occurs when 
erythrocyte production is diminished or destruction is 
accelerated [59]. EH is usually microscopic and com- 
monly involves the liver, spleen, and lymph nodes. 
Rarely, the involvement may be macroscopic [59]. The 
focal hepatic disease can manifest as solitary or multiple 
lesions [60]. The masses tend to be homogeneously 
moderate high signal intensity on T2- and Tl-weighted 
images and usually enhance in a diffuse homogeneous 
fashion on immediate postgadolinium images (fig. 2.28). 
A histopathological specimen is required for definitive 
diagnosis. 

Angiomyolipomas 

Angiomyolipomas of the liver are uncommon benign 
mesenchymal tumors. Histologically, the tumor is 
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Fig. 2.20 Foregut cysts. Coronal T2-weighted SS-ETSE (a), transverse SGE (£>), and 90-s fat-suppressed postgadolinium SGE (c) 
images. A 3-cm cystic lesion is noted superiorly on the border between medial and lateral segments. The lesion extends beyond 
the contour of the liver and has a thin perceptible wall, features that are characteristic of foregut cysts. 

Coronal T2-weighted SS-ETSE (d), transverse T2-weighted fat-suppressed SS-ETSE (e), SGE (/"), and immediate (g) and 90-s fat- 
suppressed (h) postgadolinium SGE images in a second patient. A cystic lesion is seen in segment 4 of the liver, consistent with a 
foregut cyst. Note faint enhancement of the cyst wall best appreciated on the late-phase image (h). 
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Fig. 2.20 (Continued) T2-weighted fat-suppressed SS-ETSE 
(0, SGE (/'), and immediate postgadolinium SGE (&) images in a 
third patient demonstrate a 1.5-cm lesion along the lateral inferior 
aspect of the right lobe of the liver (arrow,/). The lesion is sharply 
demarcated, is high in signal intensity on the T2-weighted (i) and 
Tl-weighted (/') images, and does not change in shape or appear- 
ance after gadolinium administration (&). The high concentration 
of mucin in the cyst accounts for the high signal intensity on the 
Tl-weighted (/') images. Note also that the lesion extends beyond 
the contour of the liver, which is characteristic of foregut cysts. 
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Fig. 2.21 Foregut cyst with layering. Echo train-STIR (a), SGE (£>), out-of-phase SGE (c), and 90-s fat-suppressed postgado- 
linium SGE id) images. A cystic lesion is identified in segment 4 and distorts the anterior liver contour. The lesion is homogeneously 
high signal on T2-weighted image (a) and shows layering with high signal intensity on Tl -weighted image (&), which does not lose 
signal on out-of-phase image (c), consistent with proteinaceous material (mucin) observed in these cysts. 



composed of mature fat, blood vessels, and smooth 
muscle. Some tumors may contain foci of extramedullary 
hematopoiesis (angiomyomyelolipomas). Some patients 
have tuberous sclerosis [61], although the association is 
less strong than with renal angiomyolipomas. 

Angiomyolipomas are well-defined, sharply margin- 
ated masses that frequently have a high fat content, and 
therefore are high in signal intensity on Tl-weighted 
images and low in signal intensity on fat-suppressed 
images. Angiomyolipomas may also have a low fat 
content and appear moderately high in signal on T2- 
weighted images and low in signal intensity on Tl- 
weighted images and exhibit a diffuse heterogeneous 
enhancement on immediate postgadolinium SGE images 
(figs. 2.29 and 2.30) [62]. A similar enhancement pattern 
is observed in well-differentiated hepatocellular carci- 
noma, and this enhancement reflects the appearance of 
well-defined tumors of hepatic origin. The pattern of 



enhancement of angiomyolipomas tends to be much 
more orderly than well-differentiated hepatocellular 
carcinomas. 

Lipomas 

Hepatic lipomas are rarer than angiomyolipomas. On 
imaging, tumors are commonly multiple and appear as 
fatty tumors that are high in signal intensity on Tl- 
weighted sequences and low in signal intensity with fat- 
suppressed techniques [631. These lesions show negligible 
enhancement on postgadolinium images (fig. 2.31). 

Hemangiomas 

Hemangiomas are the most common benign hepatic 
neoplasm, with an autopsy incidence between 0.4 and 
20% [64, 65]. Hemangiomas are more frequent in 
females, rarely produce symptoms, and are usually 
detected incidentally. 
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Fig. 2.22 Liver cysts in polycystic kidney disease. Coronal (a) and transverse (£>) T2-weighted SS-ETSE and 90-s fat-sup- 
pressed postgadolinium SGE (c) images. The kidneys are massively enlarged and contain multiple cysts of varying size with no 
definable renal parenchyma (arrows, a). Multiple <l-cm cysts are present and scattered throughout the liver that are high in signal 
intensity on T2-weighted images (a, b) and do not enhance after gadolinium administration (c). 

Coronal T2-weighted SS-ETSE (d) and SGE (e) and transverse 1-min postgadolinium SGE (/") images in a second patient show 
cysts scattered throughout the liver parenchyma with no evidence of hemorrhage or distortion of hepatic architecture. 
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Fig. 2.23 Polycystic liver disease and cirrhosis. T2- 

weighted fat-suppressed SS-ETSE (a), SGE (£>), out-of-phase SGE 
(c), and immediate (d) and 45-s fat-suppressed (e) postgadolinium 
SGE images in a patient who has a history of polycystic liver 
disease. The liver is small, with an irregular contour consistent 
with cirrhosis. Multiple small cysts are scattered throughout the 
liver, compatible with liver cysts seen in autosomal dominant 
polycystic kidney disease. 



Pathologically, hemangiomas are characterized 
grossly as well-circumscribed, spongelike blood-filled 
mesenchymal tumors. Microscopically, hemangiomas 
reveal numerous large vascular channels lined by a single 
layer of flat endothelial cells, separated by slender fibrous 
septa. Foci of thrombosis, extensive fibrosis, and calcifica- 
tion may be present. The great majority of these benign 



vascular lesions are cavernous hemangiomas, but in rare 
instances they may represent capillary telangiectasias. 
Cavernous hemangiomas are composed primarily of large 
vascular lakes and channels. Some of the vascular chan- 
nels undergo thrombosis and fibrous organization [66]. 

Hemangiomas are usually multiple (fig. 2.32). Small 
hemangiomas typically appear round, whereas larger 
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Fig. 2.24 Solitary biliary hamartoma. Coronal (a) and 
transverse (b) T2-weighted SS-ETSE, SGE (c) and immediate id) 
and 90-s fat-suppressed (e) postgadolinium SGE images. A well- 
defined lesion (arrow, b) is seen in the left hepatic lobe, near the 
dome, and shows high signal intensity on the T2-weighted (a, b) 
and low signal intensity on the Tl -weighted (c) images. On the 
immediate postgadolinium image (d), the lesion does not enhance 
with gadolinium, but a thin perilesional rim of enhancement is 
appreciated (arrow, d). (Reproduced with permission from 
Semelka RC, Hussain SM, Marcos HB, Woosley JT. Biliary hamar- 
tomas: solitary and multiple lesions shown on current MR 
techniques including gadolinium enhancement. / Magn Reson 
Imaging 10: 196-201, 1999). 



lesions have either a well-defined round or lobular 
margin. 

On MRI, hemangiomas have long T2 and Tl values, 
so they are high in signal intensity on T2-weighted 
images and low in signal intensity on Tl -weighted 
images, maintaining signal intensity on longer echo times 



(e.g., >120ms) [67, 68]. T2 measurements are less than 
those of cysts. On dynamic serial postcontrast images, 
hemangiomas typically enhance on a peripheral nodular 
fashion, which enlarge, coalesce, and slowly progress 
centripetally to complete or nearly complete fill-in of the 
entire lesion by lOmin [69-72]. Hemangiomas may fade 
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Fig. 2.25 Multiple biliary hamartomas. Coronal (a) and 
transverse (b) T2-weighted SS-ETSE and 90-s postgadolinium fat- 
suppressed SGE (c) images in one patient and coronal T2-weighted 
SS-ETSE (d), SGE (e), and immediate (/") and 90-s fat-suppressed 
(g) SGE images in a second patient. In both patients there are 
multiple well-defined lesions, <lcm, scattered throughout the 
liver. They are high signal intensity on T2-weighted (arrows, d) 
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Fig. 2.25 (Continued) and low signal intensity on noncon- 
trast Tl -weighted (e) images and demonstrate thin perilesional rim 
enhancement on postgadolinium images. 3T images in a third (h, 
i) and a fourth (/') patient with biliary hamartoma, with imaging 
features similar to those previously described. 
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Fig. 2.26 Multiple biliary hamartomas and colon cancer metastasis. Coronal T2-weighted SS-ETSE (a, b), coronal (c) and 
transverse id) SGE, and immediate (e, f) and 90-s fat-suppressed (g, h) postgadolinium SGE images in a patient who has a history 
of colon cancer. There is a large hepatic mass in segments 4/5 that demonstrates heterogeneous and moderately high signal on 



DISEASE OF THE HEPATIC PARENCHYMA 



77 





Fig. 2.26 (Continued) T2-weighted image (a) and moderately low signal on Tl-weighted image id) and ring enhancement 
after administration of contrast (f, b), consistent with a metastasis. The liver is riddled with many small well-defined lesions, measur- 
ing <lcm, that also demonstrate ring enhancement after contrast, consistent with biliary hamartomas. Note that the metastasis 
progresses in enhancement from early (/") to late Qf) images, whereas biliary hamartomas show identical ring enhancement on early 
and late images with no progressive enhancement. 





Fig. 2.27 Biliary cystadenoma. T2-weighted fat-suppressed 
ETSE (a), SGE (£>), and immediate postgadolinium SGE (c) images. 
A large cystic mass with a 5-cm solid nodular component (arrow, 
b) is present in the liver. The nodular component is moderately 
hyperintense on the T2-weighted image (a) and slightly hypoin- 
tense on the Tl-weighted image (b) and enhances in a diffuse 
heterogeneous fashion on the immediate postgadolinium image 
(c). Diffuse heterogeneous enhancement on immediate postgado- 
linium images is a feature of tumors of hepatic origin. 
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Fig. 2.27 (Continued) Coronal T2-weighted SS-ETSE <#), 
transverse fat-suppressed T2-weighted SS-ESTSE (e), SGE (/"), and 
immediate (g) and 90-s fat-suppressed (h) postgadolinium SGE 
images. A cystic lesion with a thick internal septum is seen in 
segments 5 and 8 of the liver. This lesion shows high signal on 
the T2-weighted image (d, e), low signal on the Tl -weighted image 
(/"), and lack of enhancement except for the septum on postcon- 
trast images (g, h). Histopathology was consistent with a biliary 
cystadenoma. 
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Fig. 2.28 Extramedullary hematopoiesis. T2-weighted SS-ETSE (a), Tl-weighted spin-echo (b), and 1-min postgadolinium 
SGE (c) images. A rounded lesion is present in the left lobe that demonstrates moderate increase in signal intensity on T2-weighted 
(a) and Tl-weighted (b) images and mild diffuse homogeneous enhancement after administration of gadolinium (c). (Courtesy of 
Cem Balci, M.D). 

T2-weighted SS-ETSE fat-suppressed (d), Tl-weighted SGE (e), and immediate (/") and 90-s fat-suppressed (g) postgadolinium 
SGE 3T images in a second patient with the diagnosis of extramedullary hematopoiesis. The liver is irregular in contour with 
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Fig. 2.28 (Continued) prominence of periportal area that is 
intermediate signal intensity on T2-weighted images id) and low 
signal intensity on Tl -weighted images (e) and shows minimal 
enhancement after contrast administration (f, g), reflecting infiltra- 
tion by hypovascular tissue which is well-demarcated. The spleen 
is massively enlarged in size with multiple hypervascular lesions 
on immediate postcontrast images (/"). This patient has coexistent 
cirrhosis and periportal extramedullary hematopoiesis. 






Fig. 2.29 Angiomyolipoma with minimal fat. T2-weighted fat-suppressed ETSE (a), SGE (b), and immediate (c) and 90-s (d) 
postgadolinium SGE images. The angiomyolipoma is moderately hyperintense with slight heterogeneity on the T2-weighted image 
(a) and moderately hypointense on the Tl -weighted image (b) and enhances intensely in a diffuse heterogeneous fashion on the 
immediate postgadolinium image (c). On the 90-s image (d), the lesion has faded in signal intensity to slightly higher than back- 
ground liver. This angiomyolipoma is unusual in that it contains minimal fat. The diffuse heterogeneous enhancement is typical of 
tumors of hepatic origin. 
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Fig. 2.30 Angiomyolipoma with minimal fat and vascu- 
lar tissue. Coronal T2-weighted SS-ETSE (a), transverse echo-train 
STIR (£>), SGE (c), and immediate id) and 90-s fat-suppressed (e) 
postgadolinium SGE images. There is a well-circumscribed lesion 
in the right hepatic lobe that demonstrates moderately high signal 
intensity on T2-weighted image (a, b), low signal intensity on Tl- 
weighted image (c), and capsular enhancement on immediate 
postgadolinium id) images that fades by 90s (e). On the early (d) 
and late (e) images there is a fine regular network of vessels appar- 
ent within the lesion. Angiomyolipoma with minimal fat was 
present at histopathology. Blood vessels are well organized 
throughout the tumor, unlike the irregular pattern observed in 
HCC. There is also a paucity of vascular tissue in this tumor. 



away in signal intensity toward parenchyma isointensity 
over time, but they will fade in a homogeneous fashion 
with no evidence of peripheral or heterogeneous lesional 
washout [73]. 

The most distinctive imaging feature of hemangiomas 
is the demonstration of a discontinuous ring of nodules 
immediately after contrast administration [73]. Nodular 
enhancement is most frequently eccentric in location and 



may originate from the superior or inferior aspect of the 
hemangioma, simulating central enhancement on trans- 
verse images (fig. 2.33). True central enhancement may 
rarely occur. The appearance of central enhancement is 
rare for all histologic types of tumors and occurs by early 
filling of a large central lake by a narrow feeding vessel. 
The MRI appearances of small (<1.5cm), medium 
(1.5-5. Ocm), and large (>5.0cm) hemangiomas have 
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Fig. 2.31 Lipoma. T2-weighted fat-suppressed SS-ETSE (a), 
SGE (b), out-of-phase SGE (c), and immediate (d) and 90-s fat- 
suppressed (e) postgadolinium SGE images. A 2.5-cm lipoma (b) 
is present in the left lobe that demonstrates the same signal as fat 
on all imaging sequences. Note the development of a phase can- 
cellation artifact on the out-of-phase image (c), which shows that 
the high-signal lesion is fatty. Care should be exercised not to 
attribute the high signal of fat as enhancement in fatty lesion 
on gadolinium-enhanced nonsuppressed images (d) or attribute 
the effect of fat suppression as washout on later fat-suppressed 
images (e). 




been reported in a multi-institutional study [731. Among 
the 154 hemangiomas in 66 patients, 52.6 % (81/154) 
lesions were small, 36.4% (56/154) medium, and 11% 
(17/154) large. Hemangiomas were multiple in 68% of 
patients. All lesions were high in signal intensity on T2- 
weighted images. Three types of enhancement patterns 



were observed: uniform high signal intensity immedi- 
ately after contrast (Type 1); peripheral nodular enhance- 
ment with centripetal progression to uniform high signal 
intensity (Type 2); and peripheral nodular enhancement 
with centripetal progression and a persistent central scar 
(Type 3). Type 1 enhancement was observed only in 
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Fig. 2.32 Multiple hemangiomas. T2-weighted fat-suppressed SS-ETSE (a, b) and immediate (c, d) and 90-s fat-suppressed 
(e,f) postgadolinium images. Multiple hemangiomas are appreciated throughout the liver. All of these lesions show increased signal 
intensity on T2-weighted images (a, b), peripheral nodular enhancement after contrast administration (c, d), and enlargement and 
coalescence of nodules on delayed postcontrast images (e,/), consistent with multiple hemangiomas. 
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Fig. 2.33 Hemangioma with central filling. T2-weighted fat-suppressed SS-ETSE (a), SGE (£>), and immediate (c) and 90-s 
fat-suppressed id) postgadolinium SGE images. There are two lesions (arrows, a) located in the left and right hepatic lobe. The 
lesion in the right lobe shows increased signal intensity on T2-weighted image (a) and decreased signal intensity on Tl -weighted 
image (£>). On both early (c> and late (d)-phase images the lesion demonstrates peripheral and central enhanced nodules. The small 
left lobe lesion lobe is hyperintense on the T2-weighted image (black arrow, a) and is barely perceptible on any of the other 
sequences. This is not uncommon with <l-cm hemangiomas with type 1 enhancement, in which enhancement may be minimally 
greater comparable in intensity to background liver on immediate postgadolinium images and lesions fade to isointensity by 1-2 min. 
Note the presence of a phase encoding mirror artifact from the IVC, which should not be mistaken for a lesion (c). 

Echo train-STIR (e), SGE (/"), and immediate (g) and 90-s fat-suppressed (h) postgadolinium SGE images in a second patient. 
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Fig. 2.33 {Continued) A tabulated lesion is seen along the 
lateral edge of the right hepatic lobe and demonstrates periph- 
eral and central nodular filling enhancement, which progresses 
on late-phase image (h). 

SGE (0 and immediate (/) and 90-s fat-suppressed (&) post- 
gadolinium SGE images in a third patient. There is a lobular 
hemangioma in the left lobe that demonstrates high signal 
intensity on T2-weighted image (not shown) and low signal on 
Tl -weighted image (/), enhances in a peripheral nodular 
pattern on early-phase image (/'), and fills in completely on 
late-phase image (&). 



small tumors. Type 2 and Type 3 enhancements were 
observed in all size categories. Type 3 enhancement was 
observed in 16 of 17 large tumors. 

Small hemangiomas most commonly demonstrate 
Type 2 enhancement. The peripheral nodules of 
enhancement are typically very small (fig. 2.34). Type 
1 enhancement is the next most common pattern (fig. 



2.35), whereas Type 3 enhancement is uncommonly 
noted (fig. 2.36). Small hemangiomas are difficult to 
distinguish from other types of liver lesions, specifically 
hypervascular liver metastases, and MRI follow-up is 
generally required. 

The great majority of medium-sized hemangiomas 
exhibit Type 2 enhancement (fig. 2.37 and 2.38) and 




Fig. 2.34 Small hemangiomas, Type 2 enhancement. T2- 

weighted fat-suppressed ETSE (a), SGE (&), and immediate (c) and 
5-min id) postgadolinium SGE images. A 1-cm hemangioma is 
present in the right lobe that is high in signal intensity on T2- 
weighted image (arrow, a) and low in signal intensity on Tl- 
weighted image (arrow, b), demonstrates peripheral nodular 
enhancement on early image (arrows, c), and is uniformly homo- 
geneous and moderately high in signal intensity on delayed 
image id). Tl-weighted SGE (e), immediate (/) and 90-s (g) SGE 
images in a second patient show similar findings for a small heman- 
gioma (arrow e). 






Fig. 2.35 Small hemangioma, Type 1 enhancement. 

Transverse T2-weighted SS-ETSE (a) and immediate (b) and 90-s 
fat-suppressed (c) postgadolinium SGE images. A lesion (arrow, a) 
is present in the right hepatic lobe that shows high signal on T2- 
weighted image (a), low signal on Tl -weighted image (not shown), 
and intense uniform enhancement immediately after administra- 
tion of gadolinium (b) that persists at 90-s image (c). These find- 
ings represent a Type 1 hemangioma. 

T2-weighted fat-suppressed SS-ETSE (d), SGE (e), and immedi- 
ate (/") and 90-s fat-suppressed (g) postgadolinium SGE image in a 
second patient. A tiny lesion is seen in segment 4 of the liver that 
shows high signal intensity on the T2-weighted image, low signal 
intensity on the Tl -weighted image (arrow, e), and homogeneous 
enhancement on early phase (/") that remains on the late phase 
image (g), consistent with Type 1 hemangioma. 
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Fig. 2.36 Small hemangioma, Type 3 enhancement. T2- 

weighted fat-suppressed SS-ETSE (a) and immediate (b) and 10-min 
(c) postgadolinium SGE images. A 1.5-cm lesion is present in the 
right lobe that is high in signal intensity on the T2-weighted image 
(arrow, a) and nearly signal void with subtle small peripheral 
nodules on the early image Qf) and shows peripheral enhancement 
with persistence of central low signal intensity on the late image 
(c), consistent with a central scar. 




represent the classic hemangiomas. Type 3 enhancement 
is the next most common enhancement pattern (figs. 
2.39-2.41), whereas Type 1 enhancement is exceedingly 
rare. Lesions > 1.5 cm with Type 1 enhancement repre- 
sent either well-differentiated tumors of hepatocellular 
origin or hypervascular liver metastases. 

Giant hemangiomas most frequently have a central 
scar, and virtually all giant hemangiomas have Type 3 
enhancement (fig. 2.42) [73-75]. Absence of a central 
scar should raise the concern that the mass may repre- 
sent another lesion. Giant hemangiomas often have a 
multiloculated appearance with mildly complex signal 
intensity on T2 -weighted images and the common pres- 
ence of low-signal strands, which reflects the internal 
network of fibrous stroma that is observed histologically 
(fig. 2.43) [75]. In rare instances, large hemangiomas 
may compress adjacent portal veins, resulting in tran- 
sient segmental increased enhancement on immediate 
postgadolinium images secondary to autoregulatory 
increased hepatic arterial supply (fig. 2.44). On rare 



occasions, large hemangiomas may also undergo 
hemorrhage. 

Hemangiomas vary in the rate and completeness of 
tumor enhancement. A variation in the Type 2 or 3 
enhancement pattern consists of enhancement that 
spreads at a fairly rapid rate with complete enhancement 
at 1-2 min [73]. Rapidity of enhancement has been deter- 
mined on 90-s images as slow (approximately 25% of 
tumor enhancement at the maximum transverse diam- 
eter), medium (approximately 50% enhancement), and 
fast (approximately 75% enhancement) [73, 76]. Tumors 
at all sizes may enhance very slowly to very quickly, 
and enhance minimally to complete enhancement, with 
the exception that >5-cm tumors almost invariably dem- 
onstrate lack of central enhancement [73]. 

Slow enhancement of hemangiomas permits distinc- 
tion from most tumors. The only other neoplasm 
that may show comparable slow enhancement is 
chemotherapy-treated metastases (as described below). 
Fast-enhancing hemangiomas show enhancement 
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Fig. 2.37 Medium-sized hemangioma, Type 2 enhancement. T2-weighted fat-suppressed ETSE (a), SGE (£>), and immediate 
(c) and 5-min (d) postgadolinium SGE images demonstrate a well-defined, round lesion that is high signal on T2-weighted image 
(a) and moderately low signal on Tl -weighted image (b) and enhances in a peripheral nodular fashion on early image (c) with 
complete filling of the entire lesion on the late image (d), consistent with hemangioma. 

T2-weighted fat-suppressed ETSE (e) and immediate (/") and 90-s fat-suppressed (g) postgadolinium SGE images in a second 
patient. A 2.1-cm hemangioma is present in the right hepatic lobe, and it shows high signal intensity on T2-weighted image (e) and 
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Fig. 2.37 (Continued) low signal intensity on Tl-weighted image (not shown) and enhances in a peripheral nodular fashion 
on early image (/"), which fills in on late image (g). 

SGE (h) and immediate (i) and 90-s fat-suppressed (/') postgadolinium SGE images in a third patient showing the same findings 
as the second patient. 



patterns that can resemble other tumors, with metastases 
being the most difficult to distinguish. Transient increased 
perilesional enhancement may occur, and is seen most 
often in small capsule-based hemangiomas (fig. 2.45). 
This phenomenon may reflect recruitment of capsular 
vessels. These findings are rare in hemangiomas and are 
more commonly observed in metastases, especially colon 
cancer metastases. A study [77] correlated the temporal 
parenchyma enhancement surrounding hepatic cavern- 
ous hemangiomas with the rapidity of intratumoral con- 
trast material enhancement and tumor volume. Thirty-two 
of the 167 (19%) hemangiomas had temporal peritumoral 
enhancement, and this was more common in hemangio- 
mas with rapid enhancement (41%). However, there was 
no statistically significant relationship between peritu- 
moral enhancement and tumor volume. The mean diam- 



eter of hemangiomas with peritumoral enhancement 
was not significantly different from that of hemangiomas 
without peritumoral enhancement. 

Hemangiomas not uncommonly coexist with focal 
nodular hyperplasia (FNH) lesions, particularly in the 
setting of the multiple FNH syndrome [78]. Hemangiomas 
are a common finding in patients with breast cancer. 
An early report [79] showed that among all benign liver 
lesions observed in patients with breast cancer who 
underwent screening examinations, hemangiomas were 
the most frequent type. This is important information 
since small metastases from breast cancer are hyper- 
vascular and may mimic the appearance of type 1 
hemangiomas on early-phase postgadolinium images. 
However, late-phase demonstrates distinction between 
these entities: small hypervascular metastases tend to 





Fig. 2.38 Medium-sized hemangiomas, Type 2 enhance- 
ment with central nodular enhancement. T2-weighted fat- 
suppressed ETSE (a), SGE (£>), and immediate (c) and 10-min (d) 
postgadolinium SGE images. A 2.5-cm hemangioma is present in 
segments 8 and 7 of the liver, and it demonstrates high signal on 
T2-weighted image (a), moderately low signal on Tl -weighted 
image (£>), and nodular progressive enhancement after contrast 
administration (c) with complete fill in with contrast on the late 
image (d). The early image (arrow, c) demonstrates one predomi- 
nant enhancing nodule that is almost central in location. 

Coronal T2-weighted SS-ETSE (e) and transverse immediate (/") 
and 90-s fat-suppressed (g) postgadolinium SGE images in a second 
patient demonstrate two hemangiomas with the same features 
described in the first patient. Note that on early image (/") one of 
the hemangiomas has a central enhancing nodule. 
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Fig. 2.39 Medium-sized hemangioma, Type 3 enhancement. T2-weighted fat-suppressed ETSE (a), coronal SGE (£>), imme- 
diate (c) and 45-s (d) postgadolinium SGE images, and transverse (e) and coronal (/") 10-min postgadolinium SGE images. The 
hemangioma is high in signal intensity on the T2-weighted image (a) and moderately low in signal intensity on the Tl -weighted 
image (£>) and demonstrates peripheral nodular enhancement (c) that progresses centripetally (d). Note the persistence of a central 
scar on delayed images (e, f). 
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Fig. 2.39 (Continued) Transverse T2-weighted SS-ETSE (g), SGE (h), and immediate (/), 45-s (/'), and 5-min (k) postgadolinium 
SGE images in a second patient. There are two lobular lesions that appear high in signal intensity on T2-weighted image (arrows, 
g) and low in signal intensity on Tl -weighted (h) images. The first lesion is situated in the left lobe, demonstrates peripheral nodular 
enhancement after administration of gadolinium, and gradually fills in completely on delayed images (&), consistent with a Type 2 
hemangioma. The other lesion is situated in the right hepatic lobe and shows peripheral nodular enhancement that progresses 
centripetally but with persistence of a central scar on the delayed image consistent with a Type 3 hemangioma. Note also multiple 
tiny lesions throughout the hepatic parenchyma consistent with biliary hamartomas. 

T2-weighted fat-suppressed SS-ETSE (/), SGE (rn), and immediate (n), 45-s (o), and 90-s fat-suppressed (p) postgadolinium SGE 
images in a third patient with a Type 3 hemangioma in the left lobe. 
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Fig. 2.39 (Continued) 





Fig. 2.40 Small-sized slow-enhancing hemangioma. T2-weighted fat-suppressed SS-ETSE (a), SGE (£>), and immediate (c) 
and 90-s fat-suppressed id) postgadolinium SGE images. There is a small hepatic lesion adjacent to the inferior vena cava that shows 
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Fig. 2.40 (Continued) high signal intensity on the T2-weighted image (arrow, a), low signal intensity on Tl-weighted image 
(£>), a lack of enhancement on early image (c) and peripheral globular enhancement on late image id) compatible with a slow- 
enhancing hemangioma. Slow enhancement is a feature that suggests the diagnosis of a hemangioma. 





Fig. 2.41 Medium-sized slow-enhancing hemangioma, Type 3 enhancement. Echo train-STIR (a), SGE (£>), and immediate 
(c, d) and 90-s fat-suppressed (e) postgadolinium SGE images. A lobular lesion is present that demonstrates moderately high signal 
intensity on the T2-weighted image (a) and moderately low signal intensity on the Tl-weighted image (6), small peripheral nodules 
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Fig. 2.41 (Continued) of enhancement immediately after 
contrast administration (c), and lack of progression of enhance- 
ment on the late-phase image (e), consistent with a hemangioma 
Type 3 enhancement. There is another rounded lesion in the tip 
of the left lobe that shows intense enhancement on the immediate 
postgadolinium image (arrow, d), consistent with focal nodular 
hyperplasia. 

Echo train-STIR </), SGE (g), and immediate (h) and 90-s fat- 
suppressed (i) SGE images in a second patient. A hemangioma is 
seen in the left hepatic lobe that appears moderately high signal 
intensity on the T2-weighted image (/"), moderately low signal 
intensity on Tl -weighed image (arrow, g), a lack of enhancement 
on early phase (h), and a globular focus of enhancement on the 
late postcontrast image (i), consistent with a slow-enhancing 
hemangioma. 
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Fig. 2.42 Giant hemangioma. SGE (a) and immediate (£>), 90-s (c), and 10-min id) postgadolinium SGE images. A hemangioma 
is present in the left lobe that is moderately low in signal intensity on Tl -weighted image (a), demonstrates peripheral nodular 
enhancement in a discontinuous ring on the early image (£>), and gradually enhances in a centripetal fashion (c) with persistent low 
signal intensity central scar on delayed image (d). 





Fig. 2.43 Massive hemangiomas. Echo train-STIR (a), SGE (£>), and immediate (c) and 90-s fat-suppressed (d) postgadolinium 
SGE images. A massive tumor replaces the majority of the liver, with sparing of segments 6 and 7 in the right hepatic lobe. After 
administration of gadolinium, this lesion demonstrates discontinuous peripheral nodular enhancement with enlargement and coales- 
cence of the nodules. The appearance is consistent with a massive hemangioma. 




Fig. 2.43 (Continued) Coronal T2-weighted SS-ETSE (e), transverse echo-train STIR (/"), and immediate (g) and 5-min (h) post- 
gadolinium SGE images in a second patient. A massive lobulated lesion is present in the liver parenchyma that is predominantly 
high signal intensity on T2-weighted images (e, f), but with multiple low-signal strands, and demonstrates discontinuous nodular 
enhancement (g) with centripetal progression (h) after the administration of gadolinium. Regions of hypointense central scar persist 
on the late images (h). Low-signal-intensity linear strands are common on T2-weighted images in giant hemangiomas and represent 
bands of collagenous tissue. This patient underwent liver transplantation because of the extensive hepatic replacement by 
hemangiomas. 
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Fig. 2.43 (Continued) T2-weighted fat-suppressed ETSE (i), 
SGE (/'), and immediate (&), 90-s (/), and 5-min (m) postgadolinium 
SGE images in a third patient who has the liver largely replaced 
by massive hemangiomas. The findings appreciated in this patient 
are similar to those in the second patient. 
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Fig. 2.44 Hemangioma compressing portal vein. Spiral CTAP (a), SGE (£>), T2-weighted fat-suppressed ETSE (c), and 
immediate (d), 90-s (e), and 10-min (/") postgadolinium SGE images. A 6-cm lesion is present in the anterior segment of the right 
lobe that causes distal wedge-shaped diminished portal venous perfusion on the CTAP image (a), findings that were considered 
consistent with a malignant tumor. The tumor is moderately low in signal intensity on Tl -weighted image (£>) and high in signal 
intensity on T2-weighted image (c) and has perilesional and peripheral nodular enhancement on early-phase image id) that pro- 
gressively fills in a centripetal fashion on late and delayed images (e, f). The perfusion defect observed on the CTAP image (a) is 
noted to be wedge-shaped and mildly hyperintense on T2-weighted image (long arrow, c) and enhances in a transient fashion 
greater than adjacent liver on the early-phase image (long arrow, d), findings consistent with portal vein compression. Additional 
note is made of a 6-mm hemangioma lateral to the large hemangioma (small arrow, c), which enhances intense and homogeneously 
on early-phase image (small arrow, d), compatible with a Type 1 pattern of enhancement. 
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Fig. 2.45 Hemangioma with perilesional enhancement. 

T2-weighted SS-ETSE (a) and immediate (b) and 90-s fat-suppressed 
(c) postgadolinium SGE images. This patient, who has an inflam- 
matory pseudotumor arising in the common hepatic duct that 
causes dilatation of the biliary tree, also demonstrates a round, 
well-defined lesion, which is hyperintense on T2-weighted image 
(a) and shows peripheral nodular enhancement on the immediate 
postcontrast image (b) with nearly complete fill-in of the lesion 
on the delayed image (c). Note the transient ill-defined increased 
perilesional enhancement (arrow, b) on the immediate postcon- 
trast image (b). Perilesional enhancement. 



washout and the type 1 hemangioma are more likely 
to maintain the signal intensity or to fade away toward 
background isointensity. In this setting, a large lesion is 
usually present that will exhibit the enhancement fea- 
tures of either a hemangioma or a metastasis, so that 
the histology of the small lesions may be inferred. 
Reports have shown that hemangiomas may be reliably 
distinguished from metastases on T2 -weighted images 
based on the smooth lobular margins and the higher 
calculated T2 values of hemangiomas (mean of 140 ms) 
[80]. Although this may be true in the majority of 
patients, cumulative experience from many centers has 
shown that T2 -weighted images alone may not allow 
characterization of small tumors or allow reliable dis- 
tinction between hemangiomas and metastases from 
hypervascular malignant tumors. For this reason, long- 
TE T2-weighted sequences for hemangiomas are not 
performed at our institution because some diagnosti- 
cally difficult lesions, such as hypervascular metastases, 
may also show long T2 values. The routine combination 
of T2 -weighted information with serial gadolinium- 



enhanced SGE is useful to increase observer confidence 
for establishing the correct diagnosis and also to maxi- 
mize evaluation of other hepatic and extrahepatic dis- 
eases (fig. 2.46) [72, 81]. 

Chemotherapy-treated liver metastases may resem- 
ble the appearance of hemangiomas when chemother- 
apy treatment has occurred within a 2- to 12-month 
period before MRI. A less aggressive enhancement 
pattern that develops in chemotherapy-treated liver 
metastasis may be reflective of underlying histologic 
changes associated with a salutary response to chemo- 
therapy, that is, antiangiogenic effect with altered vas- 
cularity [82]. 

Few studies to date have reported the imaging find- 
ings of hemangiomas in the setting of cirrhosis or 
chronic liver disease. It is suggested that the incidence 
of hemangiomas in patients with chronic liver disease 
is up to 9% [83]. Hemangiomas in this setting are more 
likely to be solitary and subcapsular [84, 85]. It has been 
suggested that hemangiomas tend to decrease in size 
with the progression of liver disease due to fibrotic 
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Fig. 2.46 Exophytic hemangioma. T2-weighted fat-suppressed ETSE (a), SGE (£>), and immediate (c), 90-s (d), and 10-min 
(e) postgadolinium SGE images. A pedunculated 2.5-cm hemangioma (arrow, b) arises from the tip of the lateral segment of the 
liver. The hemangioma is high in signal intensity on T2-weighted image (a) and moderately low in signal intensity on Tl -weighted 
image (£>), enhances in a peripheral nodular fashion on the early-phase image (c), and shows centripetal progression on late id) 
and delayed (e) images. Despite the thin stalk of the hemangioma, it exhibits circumlesional peripheral nodular enhancement, 
comparable to standard intraparenchymal hemangiomas. 

Coronal (f, g) and transverse (h) T2-weighted SS-ETSE, Tl-weighted fat-suppressed SGE (/), and immediate (/') and 90-s fat- 
suppressed (k) postgadolinium SGE images in a second patient. There is a mass arising from segment 1 of the liver, with extension 
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Fig. 2.46 (Continued) into the porta hepatis, that demon- 
strates high signal on T2-weighted images (f, g, h) and low signal 
on Tl -weighted image (/). Immediately after gadolinium adminis- 
tration (/'), multiple peripheral enhancing nodules are identified 
that enlarge and coalesce on later images (&), consistent with an 
exophytic hemangioma. On an outside CT examination this was 
thought to arise from the pancreas. The coronal T2-weighted 
image (g) demonstrates inferior displacement of an intact pancreas 
(arrow, g). Additionally, the pancreas distal to the mass exhibits 
normal high signal on the Tl -weighted fat-suppressed image (i), 
which essentially excludes a pancreatic adenocarcinoma. 



degeneration, thrombosis, or hemorrhage [83-85]. 
Mastropasqua and colleagues [84] also have shown that 
there is no statistically significant difference between 
the size of small and medium hemangiomas in unaf- 
fected livers and in cirrhotic or chronic liver disease, 
although there was a tendency for cirrhotic livers to 
have small hemangiomas and no giant hemangiomas 



were observed in cirrhosis (fig. 2.47). This observation 
may reflect the fact that, in severely fibrotic livers, these 
is a paucity of vascular tissue available to support the 
growth of hemangiomas to a large size. On MRI, the 
signal intensity of hemangiomas on T2- and Tl -weighted 
images pre- and postcontrast in patients with cirrhosis 
or chronic liver disease is similar to that in patients with 
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Fig. 2.47 Hemangioma in the setting of chronic liver disease. T2-weighted SS-ETSE (a), SGE (£>), and immediate (c) and 
90-s fat-suppressed id) postgadolinium SGE images in a patient with chronic liver disease patient. There is an hepatic lesion in 
segment 6 that demonstrates moderately high signal intensity on the T2-weighted image (arrow, a), moderately low signal intensity 
on the Tl -weighted image (£>), and enhancement of a peripheral focus on the early-phase image (c) that fills in on the late-phase 
image (d), consistent a with Type 2 hemangioma. 

T2-weighted SS-ETSE (e), SGE (/"), and immediate (g) and 90-s fat-suppressed (h) postgadolinium SGE images in a second patient 
with a history of acute on chronic hepatitis. There is a hemangioma in segment 5 of the liver that shows high signal intensity on 





Fig. 2.47 (Continued) the T2-weighted image, low signal intensity on the Tl-weighted image (/"), and globular enhancement 
on early-phase image (g) that persists on late-phase (h) images. Increased perilesional enhancement surrounding the hemangioma 
is appreciated on the early-phase image (g). Additionally, the parenchyma enhances in a patchy fashion on early- and late-phase 
images, consistent with acute on chronic hepatitis. 

T2-weighted SS-ETSE (/), SGE (/'), and immediate (k) and 90-s fat-suppressed (/) postgadolinium SGE images in a third patient 
with end-stage chronic liver disease and a Type 2 hemangioma (arrow, t). 
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nonaffected livers. Regardless of the size, hemangiomas 
are more likely to show a fast lesional fill-in after contrast. 
The recognition of the MR features of hemangioma type 
1 is useful since it may be indistinguishable from HCC in 
early phase because both entities exhibit homogeneous 
moderately intense enhancement. The signal intensity on 
T2-weighted images may help in this differentiation, 
because small HCCs are often near isointensity in contrast 
to the moderately high signal of hemangiomas. 

Advantages of MRI over CT imaging in the evaluation 
of hemangiomas include: 1) the greater ability to image 
the entire liver in the same phase of contrast enhance- 



ment, which is particularly useful when multiple lesions 
are present; 2) greater lesion enhancement on contrast- 
enhanced images such that lesions are comparatively 
brighter than background liver (fig. 2.48); 3) superior 
detection of small hemangiomas; and 4) effective lesion 
detection and characterization with T2-weighted images, 
which CT does not have an analogous technique. 

Infantile Hemangioendothelioma 

Infantile hemangioendotheliomas (IHE) are congenital 
lesions and the most common mesenchymal tumor of 
the liver in childhood [86]. Although infantile heman- 




Fig. 2.48 Hemangioma in a fatty liver. T2-weighted SS- 
ETSE (a), SGE (£>), out-of-phase SGE (c), and immediate id) and 
90-s fat-suppressed (e) postgadolinium SGE images. A tabulated 
hemangioma is present in the right hepatic lobe, which shows 
peripheral nodular enhancement on early-phase image id) and 
gradually fills with contrast on late-phase image (e) but with the 
persistence of a central scar. The liver is diffusely fatty infiltrated 
(c), which renders the lesion relatively high signal on out-of-phase 
sequence. 
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gioendotheliomas are histologically benign, they may 
lead to death within months secondary to heart or liver 
failure. Spontaneous regression of the lesions tends to 
occur after 8 months of age [87, 88]. Pathologic exami- 
nation shows a multinodular tumor involving both 
lobes. Microscopically, numerous dilated vascular chan- 
nels are lined by multiple layers of plump endothelial 
cells. Cavernous vascular channels are frequent. 

On imaging, these lesions tend to be numerous 
similar-size tumors that are uniformly moderately to 
markedly hyperintense on T2-weighted images and 
hypointense on Tl -weighted images and enhance homo- 
geneously on interstitial-phase gadolinium-enhanced 
images (fig. 2.49) [891. 

Hepatocellular Adenoma 

Hepatocellular adenomas (HCA) are benign epithelial 
neoplasms [2]. Approximately 90% of HCAs occur in 
young women [90]. These lesions are associated with 
the use of oral contraceptive steroids [2]. Tumors will 
involute spontaneously after patients withdraw from 
birth control pill. Other much less frequent associations 
include the use of anabolic steroids and disorders asso- 
ciated with abnormal carbohydrate metabolism, such as 
familial diabetes mellitus, galactosemia, and glycogen 
storage disease type la [91-93]. Patients may present 
with acute abdominal pain, related to hemorrhage into 
the tumor [94]. Rarely, rupture into the peritoneal cavity 
may occur that requires emergency intervention. 
Malignant transformation is sporadic [95]. 



Pathologically, HCA are most commonly solitary 
tumors characterized as a bulging mass with dilated 
blood vessels traversing the surface. HCA are partially or 
completely enclosed by a pseudocapsule derived from 
compressed and collapsed hepatic parenchyma. 
Sectioning reveals a spherical, well-demarcated, richly 
vascular lesion, frequently with areas of hemorrhage or 
necrosis. Focal scar formation is indicative of remote 
infarction. The histologic hallmark consists of clusters of 
benign hepatocytes arranged in slender plates of two- to 
three-cell thickness. Steatosis may be prominent. Neopla- 
stic hepatocytes are separated by slitlike sinusoids and 
numerous thin- walled veins. Bile ducts are absent [87]. 

The typical MR appearance of HCA is homogeneously 
mild hyperintensity on T2-weighted images, homoge- 
neously mild hypointensity or isointensity on Tl -weighted 
images, and transient homogeneous blush immediately 
after contrast that uniformly fades to isointensity with liver 
parenchyma by 1 min. The intensity and heterogeneity of 
signal on T2- and Tl -weighted images may vary and reflect 
the quantity of fat, hemorrhage, and necrosis within the 
tumor (figs. 2.50 and 2.51) [53, 96, 97]. The arrangement 
of vessels and stroma in HCA may result in an intense 
marbled pattern of enhancement that may be difficult 
to distinguish from HCC on arterial dominant phase. 
However, the presence of lesional washout and complete 
capsule enhancement on late phase suggest the diagnosis 
of HCC. HCA may decrease homogeneously in signal 
intensity on out-of-phase or fat-suppressed images because 
of their fat content, which is commonly uniform (fig. 2.52). 





Fig. 2.49 Infantile hemangioendothelioma. T2-weighted fat-suppressed ETSE (a), Tl -weighted fat-suppressed SE (b), and 
Tl -weighted interstitial-phase fat-suppressed gadolinium-enhanced SE (c) images. The liver in this 9-month-old boy is extensively 
replaced with focal mass lesions, smaller than 1 cm, that are high in signal intensity on the T2-weighted image (a) and mildly low 
in signal intensity on the Tl -weighted image (£>) and enhance homogeneously on the interstitial-phase gadolinium-enhanced image 
(c). This appearance is characteristic for hemangioendothelioma in neonatal patients. 




Fig. 2.49 (Continued) T2-weighted fat-suppressed ETSE (d), 
Tl -weighted fat-suppressed SE (e), and Tl -weighted immediate 
postgadolinium magnetization-prepared gradient-echo (/") images 
in a second patient who is 2 years old. The liver has multiple small 
foci of increased signal on T2-weighted images (d), decreased 
signal on Tl -weighted images (e), and intense uniform or nodular 
enhancement after administration of gadolinium, consistent with 
infantile hemangioendothelioma. 

T2-weighted fat-suppressed SS-ETSE (g), Tl-weighted fat- 
suppressed SGE (h), and immediate (1) and 90-s (/') postgadolin- 
ium SGE images in a third patient show findings similar to those 
in the second patient. 
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Fig. 2.49 (Continued) T2-weighted SS-ETSE (&), SGE (/), and immediate postgadolinium SGE (m) images in a fourth patient 
demonstrate a lobular lesion in the tip of the left lobe that shows moderately high signal intensity on the T2-weighted image (&), 
low signal on the Tl -weighted image (/), and intense enhancement after administration of contrast (rn). Histopathology was con- 
sistent with infantile hemangioendothelioma. 




Fig. 2.50 Hepatic adenoma. Coronal T2-weighted SS-ETSE 
(a), SGE (£>), out-of-phase SGE (c), and immediate id) and 90-s 
fat-suppressed (e) postgadolinium SGE images. There is a lesion in 
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Fig. 2.50 (Continued) the caudate lobe (arrow, a, b) characterized by mild increased signal on T2-weighted image (a) and 
Tl -weighted image (£>), drop in signal on out-of-phase images (c), diffuse intense homogeneous enhancement on early-phase image 
(d), and fading to near isointensity on late-phase image (e). Loss of signal on out-of-phase image (c) is characteristic of hepatic 
adenoma. Late capsular enhancement (e), as observed in this case, may be occasionally observed in hepatic adenomas. 



Fig. 2.51 Hepatic adenoma complicated by hemorrhage. 

T2-weighted fat-suppressed ETSE (a), SGE (£>), and immediate post- 
gadolinium SGE (c) images. An 8-cm mass arises from the inferior 
aspect of the right hepatic lobe. Regions within the mass possess 
high signal intensity on T2-weighted image (a) and high signal 
intensity peripheral rims on Tl -weighted image (arrows, b) con- 
sistent with blood. Heterogeneous enhancement of the nonhemor- 
rhagic portions of the mass is identified on early phase image (c). 
The patient discontinued birth control pills and on the 3-month 
follow-up study the mass had decreased in size to 3.5-cm (not 
shown). 







Fig. 2.51 (Continued) Coronal T2-weighted fat-suppressed 
ETSE (d), 3D-gradient echo (e), and late phase postgadolinium 
3D-gradient echo (/) 3T images of a complicate adenoma in 
segment 6 of the liver at 3T in a second patient. Note the hetero- 
geneous signal intensity on T2-weighted (d) and high signal inten- 
sity on Tl -weighted (e) consistent with various age hemorrhage. 
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Fig. 2.52 Hepatic adenoma with fat. T2-weighted fat-suppressed ETSE (a), SGE (b), out-of-phase SGE (c), and immediate id) 
and 90-s (e) postgadolinium SGE images. No focal liver lesions are apparent on the T2-weighted image (a) or the Tl-weighted image 
(£>). On out-of-phase image the adenoma is shown as a low-signal mass (arrow, c) because of signal drop caused by the presence 
of fat within the tumor. The adenoma enhances with a characteristic uniform hepatic arterial dominant-phase blush (d), which 
rapidly fades, rendering the tumor isointense with liver by 90 s. Incidental note is made of a right adrenal mass (small arrow, b, c) 
that drops in signal intensity from in-phase (b) to out-of-phase (c) images, which is diagnostic for adrenal adenoma. 

T2-weighted fat-suppressed ETSE (/"), SGE (g), out-of-phase SGE (/?), and immediate postgadolinium SGE (i) images in a second 
patient. A 4-cm hepatic adenoma is nearly isointense on T2-weighted (/") and Tl-weighted (g) images, drops in signal intensity on 
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Fig. 2.52 (Continued) out-of-phase image (arrow, h), and 
possesses a faint blush on early-phase image (arrows, i) greater 
than that of adjacent liver. The uniform hepatic arterial dominant- 
phase blush of adenomas permits distinction from focal fatty infil- 
tration, which enhances less than or equal to adjacent liver. 



The drop in signal intensity is a relatively common feature 
of fat-containing HCA and is rarely observed in HCC. 
Occasionally, the presence of central fibrosis may cause 
diagnostic confusion with FNH. Although the signal inten- 
sity on T2- and Tl -weighted precontrast images and the 
pattern of enhancement of both entities may be quite 
similar, the presence of fat or hemorrhage within the lesion 
is suggestive of HCA. Moreover, FNH rarely contains fat 
or blood, and is more likely to exist in the setting of fatty 
liver. 

Similar to FNH, hepatic adenomas tend to involute 
with age. In part, this may reflect age-related changes, 
but this may also reflect hormone-related changes. 
Unlike FNH, which maintain a well-organized, nonag- 
gressive rounded configuration as they involute, hepatic 
adenomas tend to have more irregular margins and 
more irregular signal on all sequences, which mimics 
the appearance of more aggressive tumors such as 
metastases and HCC. The explanation for the more 
heterogenous signal and irregular morphology of these 
lesions is that they presumably have more fibrosis and 
perhaps internal hemorrhage as they involute, rendering 



a more aggressive appearance. A lesion with strikingly 
irregular spiculated margins within the liver suggests the 
presence of fibrosis, which may be either spontaneous 
or the result of therapy. Hence, if a lesion has this 
appearance, but the patient has no history of chemo- 
therapy for primary malignancy or local therapy for 
malignant liver lesion, then spontaneous fibrosis should 
be considered. The lesions with the greatest propensity 
for spontaneous fibrosis are myofibroblastic tumor 
(see Inflammatory Myofibroblastic Tumor below) and 
hepatic adenoma. 

Rarely, HCA may arise in men, often related to 
the use of anabolic steroids or an underlying genetic 
disorder, although sporadic cases with no underlying 
cause may be observed. The majority of these HCA are 
asymptomatic and are discovered incidentally during 
a routine examination. The MR findings of HCA in 
men are not well established because of their rarity. 
Preliminary reports suggest that only 25% of the cases 
will demonstrate the typical findings of HCA as observed 
in women; notably, in most cases of HCA in men, 
uniform fat content is not present [98]. The presence 
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Fig. 2.53 Fat containing adenomatosis. SGE (a), out-of-phase SGE (£>), and immediate (c) and 90-s fat-suppressed id) post- 
gadolinium SGE images. Multiple lesions with varying sizes are seen predominantly present in the left hepatic lobe that show 
isointensity on Tl -weighted images (a) and drop in signal intensity on out-of-phase images (b) and show a faint homogeneous 
enhancement on early-phase images (c) compatible with fat-containing adenomatosis. On the late-phase image id) some lesions 
show lower signal intensity than background parenchyma, which may reflect a fat suppression effect, lesion washout, or a combi- 
nation of both. 



and extent of fat, hemorrhage, and necrosis are respon- 
sible for the variation in the signal intensity on MRI. 
The major differential diagnosis to be considered in this 
setting is HCC. Histopathology is crucial to distinguish 
these entities. Because hepatocellular adenomas contain 
hepatocytes, hepatocyte-specific contrast agents (e.g., 
Mn-DPDP) will be taken up by these tumors [5, 13, 
99, 100]. 

Liver adenomatosis is an uncommon condition first 
described by Flejou and colleagues in 1985 [101]. As a 
separate clinical entity, liver adenomatosis may be dis- 
tinguished from liver cell adenoma by the presence, in 
the former, of numerous adenomas (>10), lack of cor- 
relation with steroid medication, equal involvement in 
men and women, abnormal liver function tests, and a 



higher incidence of hemorrhage and malignant trans- 
formation. HCAs in the setting of adenomatosis tend to 
exhibit a more heterogeneous appearance on all MR 
sequences and more variable enhancement on arterial 
dominant-phase images when compared to solitary 
HCAs (figs. 2.53-2.56) [102-104]. 

Peliosis Hepatis 

Peliosis hepatis is characterized by the presence of 
grossly visible cystic blood-filled spaces in the liver 
[2, 31. Peliosis occurs most commonly in the liver, but 
can occasionally occur in other parts of the reticuloen- 
dothelial system including the spleen or bone marrow 
[105]. Risk factors for peliosis include chronic wasting 
illnesses such as AIDS, tuberculosis, and cancer [106] 
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Fig. 2.54 Adenomatosis in fatty liver. T2-weighted fat- 
suppressed SS-ETSE (a), SGE (£>), out-of-phase SGE (c), and immedi- 
ate id) and 90-s fat-suppressed (e) postgadolinium SGE images. 
There are multiple lesions scattered throughout the hepatic paren- 
chyma that show moderate high signal intensity on the T2- 
weighted image (a), mild high signal intensity on the Tl -weighted 
image (&), no signal loss on the out-of-phase image (c), and intense 
enhancement on the early-phase image id) that fades on the late- 
phase image (e). On out-of-phase image (c), these lesions do not 
drop in signal but the background parenchyma does, showing a 
convergence in the signal intensity of the liver and spleen com- 
pared to the in-phase image (£>). Background fatty liver in the 
setting of focal lesions is commonly seen with FNH, but not soli- 
tary adenomas. Adenomatosis is a different condition than solitary 
adenomas, and greater variability in the appearance of the lesions 
and liver is observed. 



and drugs such as androgenenic anabolic steroids and 
oral contraceptives. The term was originally ascribed to 
macroscopic lesions (peliosis = dusky or purple), which 
may be several centimeters in diameter. The ectatic 



blood-filled spaces lack an endothelial lining when 
viewed microscopically. Peliosis hepatis may occur 
within hepatic neoplasms, including adenomas and 
hepatocellular carcinoma [2, 3L 
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Fig. 2.55 Adenomatosis. Coronal (a, b) and transverse (c, d) T2-weighted SS-ETSE, coronal (e) and transverse (f, g) SGE, 
out-of-phase SGE (h, i), and immediate (J, te) and 90-s fat-suppressed (/, m) postgadolinium SGE images. Multiple small lesions are 






Fig. 2.55 (Continued) scattered throughout the hepatic 
parenchyma, predominantly in the right lobe, that demonstrate 
slight high signal on T2-weighted images (a, c), near isointensity 
on Tl -weighted image (/"), and mildly intense homogeneous 
enhancement immediately after administration of contrast (J, &) 
and become isointense with the liver by 90s (/, m). Two exo- 
phytic lesions are seen, one of them in the tip of the left lobe 
(arrow, c, e) and the other an 8-cm tumor (arrow, b, d), in the 
right lobe. Both lesions demonstrate mildly heterogeneous signal 
intensity on T2-weighted images (a-d) and Tl-weighted images 
(e-g). On early-phase images (J, &) the lesions enhance in a het- 
erogeneous variegated fashion and become homogeneous on late- 
phase images (/, m). The intense heterogeneous variegated regular 
pattern on the early-phase images is rare for adenomas and raises 
the suspicious of hepatocellular carcinoma. It may be that adeno- 
mas in the setting of adenomatosis may be more heterogeneous 
than standard adenomas. 
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Fig. 2.56 Adenomatosis, Gd-BOPTA. T2-weighted SS-ETSE (a), SGE (fr), out-of-phase SGE (c), and immediate (d), 90-s fat- 
suppressed (e), and 1-h (/") SGE after administration of Gd-BOPTA. Multiple lesions with varying sizes are seen in the hepatic 
parenchyma. These lesions demonstrate moderately high signal intensity on the T2-weighted image (a), isointensity on the Tl- 
weighted image (£>), drop in signal intensity on the out-of-phase image (c), and intense enhancement on the early phase image id). 
On the late-phase image (e) these lesions show low signal intensity partially due to the fat suppression effect of this sequence. One 
hour (/") after administration of contrast, the lesions are low signal relative to liver, suggesting that there is no uptake of the contrast 
by the hepatocytes. This finding is consistent with adenomatosis and rules against multiple FNHs. (Courtesy of Guenther Schneider, 
M.D., Ph.D., Dept. of Diagnostic and Interventional Radiology, University Hospital Homburg/Saar, Germany). 



DISEASE OF THE HEPATIC PARENCHYMA 



119 



The MR imaging appearance of peliosis hepatis is 
not well established. It has been described that peliosis 
hepatis may demonstrate varying signal intensity on 
T2-weighted and Tl -weighted images according to the 
stage of hemorrhage. After contrast administration, peli- 
osis hepatis may show moderate to intense enhance- 
ment on arterial dominant-phase images [107-111]. It is 
not clear to date whether the MR findings reflect this 
entity itself or the appearance of coexistent focal lesions, 
such as hepatic adenomas (fig. 2.57). 

Focal Nodular Hyperplasia 

Focal nodular hyperplasia (FNH) is an uncommon lesion 
defined by a localized region of hyperplasia within oth- 
erwise normal liver [2]. Although the lesion may occur 



in all age groups and both sexes, FNH predominantly is 
found in women during the third to fifth decades of life; 
after that age they tend to show progressive involution 
and are rarely observed in individuals beyond age 60, 
reflecting the frequency of this age-related involution. In 
contrast to hepatocellular adenomas (HCA), FNH does 
not appear to have a clear-cut association with oral 
contraceptive use [92]. Generally, FNH is a solitary lesion 
and tends to involute while maintaining its rounded 
configuration. Multicentric lesions may be encountered 
as part of the multiple FNH syndrome including other 
lesions such as liver hemangioma, meningioma, astrocy- 
toma, telangiectasias of the brain, berry aneurysm, dys- 
plastic systemic arteries, and portal vein atresia [78]. FNH 
does not exhibit malignant potential [93]. 





Fig. 2.57 Peliosis. Fat-suppressed T2-weighted SS-ETSE (a), SGE (&), out-of-phase SGE (c), and immediate (d) and 90-s fat- 
suppressed (e) postgadolinium SGE images. There are multiple liver lesions that demonstrate moderately high signal intensity on 
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Fig. 2.57 (Continued) T2-weighted images (a), isointensity 
to background parenchyma on Tl -weighted images (b), and 
intense enhancement on early-phase images (d) that persists on 
late-phase images (e). On out-of-phase image, the liver drops in 
signal intensity, which is compatible with fat replacement. 
Histopathology was consistent with peliosis. At the present time 
it is not clear whether in all cases the MR imaging appearance of 
peliosis hepatis reflects this entity itself or the appearance of 
coexistent focal lesions, such as hepatic adenomas. 

T2-weighted fat-suppressed SS-ETSE (/"), SGE (g), and immedi- 
ate (h) and 90-s fat-suppressed (i) postgadolinium SGE images in 
a second patient showing features similar to those previously 
described. 
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Although the pathoetiology of FNH is incompletely 
understood, it has been proposed that the lesion is 
developmental in origin, consisting of a hyperplastic 
response of hepatic parenchyma to a preexisting arterial 
malformation [112]. From a pathologic perspective, FNH 
is characterized grossly as a sharply circumscribed, but 
unencapsulated, rounded or lobulated mass. The cut 
surface reveals a central stellate scar, often containing 
large, malformed blood vessels. It is postulated that the 
spiderlike branches of the anomalous vessels provide 
excellent blood supply to the component nodules; 
hence these tumors are usually homogeneous (with 
internal necrosis and hemorrhage being rare events) 
[113]. Microscopically, fibrous septa radiating from the 
central scar contain vascular channels, exuberant bile 
duct proliferation, and intense inflammation. Parenchyma 
between the septa shows benign hepatocytes. 

Two subtypes of FNH have been described: 1) solid 
type, which is most common and is characterized by 
the presence of a central fibrous scar containing enlarged 
malformed arteries that may be inconspicuous or absent 
in lesions <lcm, and 2) telangiectatic type, which is 
characterized by the presence of centrally located mul- 
tiple dilated blood-filled spaces. This subtype is enriched 
with more abundant and smaller arteries than the solid 
type. The telangiectatic type of FNH is more commonly 
associated with the multiple FNH syndrome [78, 93] • 

The most common appearance on noncontrast MR 
images is mild hyperintensity on T2-weighted images 
and mild hypointensity on Tl -weighted images, although 
tumors may be nearly isointense on both of these 
sequences. Unlike HCA, FNH rarely has higher signal 
intensity than liver on Tl -weighted images; hemorrhage 
is uncommon, encountered most often in large lesions 
[92, 114-116]. FNH enhances with an intense uniform 
blush on immediate postgadolinium images and fades 
rapidly to near isointensity (typically at 1 min after con- 
trast) (fig. 2.58). Commonly, small (<1.5cm) FNH is 
isointense on all precontrast images and may be appre- 
ciated only on the immediate postgadolinium SGE 
images. 

The central scar in FNH has a typical appearance 
of a relatively small size with sharp angular margins. 
Thin radial septations are also often present. High signal 
intensity on T2-weighted images of the central scar is a 
characteristic feature of FNH but is observed in only 
10-49% of patients [114, 117-121]. The hyperintense 
appearance of the central scar on T2-weighted images 
may correlate with the presence of vascular channels, 
bile ducts, fibrosis, chronic inflammation, and edema 
noted histopathologically. When observed, the central 
scar exhibits lack of enhancement on immediate post- 
gadolinium images, and the majority show gradual 
enhancement to hyperintensity over time (figs. 2.59 and 
2.60). This enhancement pattern is that of scar tissue 



independent of location. In small FNH (<1.5cm), the 
central scar is often not apparent. Larger FNH has a 
tendency to have central scars that show only partial 
enhancement on delayed images, which may reflect 
more mature, less vascularized scar tissue. 

On imaging, background fatty liver may be more 
common in FNH than that observed with other focal 
liver lesions, except metastases. A collar of higher- 
concentration perilesional fatty infiltration may rarely be 
present [122], which differs from the perilesional fatty 
sparing of metastasis. In the setting of diffuse fatty liver 
the tumor may be mildly hypointense on in-phase Tl- 
weighted images and hyperintense on out-of-phase 
images (figs. 2.61 and 2.62). Fatty infiltration of FNH is 
rare and only sporadically mentioned in the literature 
[115, 116]. Unlike the situation with HCA, we have not 
observed signal drop of FNH on out-of-phase images. 
In previous reports describing the presence of fat in 
FNH, fatty infiltration of the lesion was interpreted as 
an extension of the patient's underlying disease, that is, 
hepatic steatosis. In theory, intralesional steatosis in 
FNH may be encountered in several types of hepatic 
injury associated with steatosis, including alcoholic tox- 
icity, obesity, diabetes, and malnutrition [114]. 

FNH may also occur as exophytic lesions and the 
attachment to liver may be a thin stalk. Even exophytic 
tumors possess the characteristic imaging appearance 
(fig. 2.63) [1031. 

There are several imaging features that help to 
distinguish between FNA and HCA. A central scar that 
shows delayed enhancement is typical for FNH, whereas 
pseudocapsule, internal hemorrhage, focal necrosis, 
and intralesional fat are features more commonly noted 
in HCA. Both lesions have an uniform transient tumor 
blush on early gadolinium enhanced images that fades 
away toward parenchyma isointensity on late images. 
Also, both lesions may take up Mn-DPDP [96, 99, 121, 
123, 124]. 

Hepatocyte-selective contrast agents may distin- 
guish between hypervascular metastases and atypical 
FNHs. However, a uniform capillary blush and uptake 
of Mn-DPDP must be cautiously interpreted because 
they are features of well-differentiated tumors of hepa- 
tocellular origin, including well-differentiated or small 
HCC. On Gd-EOB-DTPA- and Gd-BOPTA-enhanced 
images, FNH will show an early capillary blush and late 
hepatocellular uptake, and the late uptake is not 
observed with HCA (figs. 2.64 and 2.65) [5, 125]. 

Malignant Masses 

Liver Metastases 

Metastases are the most common malignant tumors of 
the liver in western countries. The most common 
primary tumors metastatic to the liver originate from the 




Fig. 2.58 Small-sized FNH. T2-weighted fat-suppressed ETSE (a), SGE (fr), out-of-phase SGE (c), and immediate id) and 90-s 
(e) postgadolinium SGE images. A 1.5-cm FNH is present in the lateral hepatic segment, and it is isointense on T2-weighted image 
(a) and near isointense on Tl -weighted image (£>) and does not drop in signal on out-of-phase images (c). The tumor is only visual- 
ized on the immediate postgadolinium SGE image by the presence of a hepatic arterial dominant blush (arrow, d). The tumor fades 
by 90 s to isointensity with background liver (e). 
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Fig. 2.58 (Continued) T2-weighted fat-suppressed SS-ETSE 
(/), 3D-gradient echo (g), and immediate (h) and 90-s fat- 
suppressed (i) postgadolinium 3D-gradient echo images obtained 
at 3T in a third patient with an FNH showing findings similar to 
those previously described. 

Small, 1-cm, FNH may be only visible on hepatic arterial 
dominant-phase images. A central scar is often not visualized in 
small FNHs. 





(a) (b) 

Fig. 2.59 Medium-sized FNH. T2-weighted ETSE (a), SGE (b), and immediate (c) and 5-min (d) postgadolinium SGE images. 
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Fig. 2.59 (Continued) A 5.5-cm mass is present in the right hepatic lobe, and it shows mildly hyperintense on T2-weighted 
image (a) and mildly hypointense on the Tl -weighted image (£>). A central scar is present that is high in signal intensity on T2 (a) 
and low in signal intensity on Tl (b). On the immediate postgadolinium image (c), the tumor enhances with a uniform capillary 
blush, whereas the central scar remains low in signal intensity. On the late-phase image (d), the tumor fades to near isointensity 
with background parenchyma, whereas the central scar shows delayed enhancement (Courtesy of Susan M. Ascher, M.D., Department 
of Radiology, Georgetown University Medical Center.) 

Echo train-STIR (e), SGE (/"), and immediate (g) and 90-s (h) postgadolinium SGE images in a second patient. There is a lesion 
in the right hepatic lobe (arrow, e) that demonstrates minimally high signal on the T2-weighted image (e) and isointensity on the 
Tl -weighted image (/"), enhances with a uniform blush on early-phase image (g), and fades to near isointensity on the late-phase 
image (h). Note the small central scar that is high signal on T2-weighted image (e) and low signal intensity on Tl -weighted image 
(f) and demonstrates negligible enhancement on early-phase image (g) and moderate enhancement over time (h). 
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Fig. 2.59 (Continued) Echo train-STIR (i), SGE (/'), and immediate (k) and 90-s fat-suppressed (/) postgadolinium SGE images 
in a third patient. There is a lobular lesion in the right hepatic lobe that has minimally increased signal on T2-weighted image (i) 
and near isointensity on Tl-weighted image (/'), demonstrates intense uniform enhancement on the early-phase image (&), and fades 
to near isointensity on the late-phase image (/). There is a small central scar best seen as a low-signal linear structure on the imme- 
diate postcontrast image (k). 

Coronal T2-weighted SS-ETSE (m), SGE (n), and immediate (o) and 90-s fat-suppressed (p) postgadolinium SGE images in a 
fourth patient. The 3.5-cm FNH has a partial pseudocapsule (arrow, o). The pseudocapsule and central scar show partial enhance- 
ment on the late-phase image (p). The lesion otherwise has a typical MRI appearance for a FNH. 
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Fig. 2.59 (Continued) T2-weighted SS-ETSE (q), SGE (r), and immediate (s) and 90-s fat-suppressed (O postgadolinium SGE 
images in a fifth patient with a typical FNH in the left lobe. 
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Fig. 2.60 Large-sized FNH. SGE (a), out-of-phase SGE (£>), and immediate (c) and 90-s fat-suppressed (d) postgadolinium SGE 
images. A large lesion is seen in the right hepatic lobe that is mildly hypointense on Tl -weighted image (a), does not drop in signal 
intensity on out-of-phase image (£>), and shows intense homogeneous enhancement on early-phase image (c) that fades away on 
late-phase image id). The central scar exhibits lack of enhancement on early-phase image (c) but enhances partially on late-phase 
image (d). The central scar in FNH is commonly small in size with angular margins. FNH almost never drop in signal on out-of-phase 
images, unlike adenomas, which commonly do. 

Echo-train STIR (e) and immediate (/") and 90-s fat-suppressed (g) postgadolinium SGE images in a second patient. There is a 
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Fig. 2.60 (Continued) FNH with a small central scar and 
lobular margins in the right hepatic lobe. The tumor has signal 
comparable to surrounding liver on T2-weighted image (e) and 
shows moderate homogeneous enhancement on early-phase 
image (/") that fades away on late-phase image (g). The central scar 
is slightly hyperintense on the T2-weighted image (e), exhibits 
negligible enhancement on the early-phase image (/"), but enhances 
over time (g). 




lung, gastrointestinal tract, and breast [2, 3L Pathologically, 
liver metastases usually appear as solitary or multiple 
nodules, with rare appearances including confluent 
masses or small, infiltrative lesions mimicking cirrhosis. 
Lesion shape is influenced by its size. Small metastases 
tend to be round or oval, and large metastases may 
adopt a more irregular morphology. Borders are com- 
monly ill defined but may be sharp. Metastasis may be 
complicated by hemorrhage, central necrosis, or cystic 
change. 

Role ofMRI in the Detection and Characteriza- 
tion of Liver Metastases. Optimal hepatic imaging 
evaluation involves both detection and characterization 
of focal lesions [69, 124, 126, 127]. The detection of focal 
liver lesions by imaging is achieved through signal inten- 
sity differences between the lesion and the surrounding 
parenchyma. Detection involves identification of the 
presence of lesions and the segmental extent of liver 
involvement [126]. Demonstration that malignant disease 
has limited hepatic involvement may have a substantial 
impact on patient management. Survival of patients with 
colorectal metastases may be improved by partial hepa- 
tectomy, if metastases are localized to three or fewer 
segments [128, 129]. Tantamount to detection by imaging 
is characterization of lesions as benign or malignant, and 
in cases where initial imaging assessment is uncertain, 
histologic diagnosis or follow-up imaging. 

An imaging protocol including T2-weighted images, 
Tl -weighted gradient-echo precontrast images, and 
dynamic serial gadolinium-enhanced gradient-echo 
images acquired with whole liver coverage per acquisi- 
tion achieves good lesion detection (T2 -weighted and 
immediate postgadolinium gradient echo images) and 
characterization (T2-weighted and serial postgadolin- 
ium gradient echo images) (fig. 2.66). 

The use of fat suppression on T2-weighted sequences 
is advisable because it facilitates detection of subcapsu- 



lar lesions [130]. Fat suppression is especially important 
to apply on echo-train spin-echo sequences, because 
fatty liver results in a bright liver on nonsuppressed 
T2-weighted echo-train sequences that can obscure liver 
metastases. In addition to histologic features of the 
metastases themselves, histologic changes often occur 
in uninvolved portions of liver. 

Dynamic serial gadolinium-enhanced MR images are 
particularly important for lesion detection and character- 
ization in patients with known hypervascular primary 
tumors (fig. 2.67). The hepatic arterial dominant phase 
of enhancement is the most important phase of image 
acquisition both for detection and characterization. 

On out-of-phase gradient echo images, liver metas- 
tases may appear high in signal intensity because of 
signal drop of background liver parenchyma (fig. 2.68). 
On occasion, this may facilitate lesion detection, particu- 
larly if lesions are intrinsically high in signal intensity on 
Tl-weighted images (fig. 2.69). More often, however, 
lesions are rendered less conspicuous on short TE 
because the lowered signal of the liver reduces the 
contrast with low-signal focal liver lesions on in-phase 
images. Pathologically, in the setting of liver metastasis, 
surrounding parenchyma may show compression or 
atrophy of hepatocyte cords, scattered foci of chronic 
inflammation replacing lost hepatocytes, and the absence 
of fatty change. On out-of-phase images, this zone of 
compressed liver parenchyma bordering on the metas- 
tasis appears as a moderately bright rim. This finding is 
relatively common in the setting of colon cancer metas- 
tases with background fatty liver, and may occasionally 
be seen in other lesions including hemangiomas. 

The acquisition of at least one sequence in the 
coronal plane may be of value in evaluating the supe- 
rior and inferior margins of the liver, particularly the 
infracardiac portion of the left lobe [131]. Short-duration 
techniques such as SS-ETSE, Tl-weighted gradient echo, 
or both are useful for this purpose (fig. 2.70). 






Fig. 2.61 FNH in a fatty liver — comparison between CT 

and MRL Dynamic contrast-enhanced CT (a), SGE (b), out-of- 
phase SGE (c), and immediate (d) and 90-s fat-suppressed (e) 
postgadolinium SGE images. A FNH is situated in segment 6 of the 
liver and demonstrates isointensity with the background paren- 
chyma on Tl -weighted image (b) and intense and homogeneous 
enhancement on the immediate post contrast image (d) and 
remains enhanced on late-phase image (e). Note that the signal 
intensity of the liver parenchyma is isointense to the signal 
intensity of the spleen on out-of-phase image (c), suggesting the 
presence of moderate fat liver replacement, but the lesion does 
not drop in signal. In contrast to MRI, the CT examination is 
unremarkable. 
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Fig. 2.62 FNH with surrounding fatty infiltration. SGE (a), out-of-phase SGE (£>), and immediate (c) and 90-s id) postgado- 
linium SGE images. A 2-cm focal nodular hyperplasia is present in the medial segment that is hypointense on in-phase (a) and 
hyperintense on out-of-phase (arrow, b) images because of signal dropout of the fatty liver. The tumor enhances with a uniform 
blush on the early-phase image (c) and fades in signal intensity on the late-phase image (d). 

SGE (e), out-of-phase SGE (/"), and immediate (g) and 90-s (h) postgadolinium SGE images in a second patient, who has diffuse 
fatty infiltration of the liver and a 2-cm FNH in the medial segment (arrow, e). Imaging findings identical to those shown in the first 
patient are present. 
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Fig. 2.62 (Continued) SGE (i) and out-of-phase SGE (/') images in a third patient. A 4-cm FNH demonstrates a collar of condensed 
fatty infiltration. The perilesional fat is moderately high in signal intensity on in-phase image (i) and drops to nearly signal void on 
out-of-phase image (/'). 

Echo-train STIR (&), SGE (/), out-of-phase SGE (m), and immediate (n) and 90-s (o) postgadolinium SGE images in a fourth 
patient, who has minimal fatty liver infiltration. The FNH in the right hepatic lobe (arrow, k) has mildly high signal intensity on 
T2-weighted image (&) and mildly low signal intensity on Tl -weighted image (/) and becomes near isointense on the out-of-phase 
image (m), reflecting slight drop in signal of background liver. Note that the pseudocapsule appears slightly hyperintense on 
out-of-phase image. This lesion exhibits a central scar more evident, as a low-signal linear structure, on early-phase image (n). 
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Fig. 2.62 (Continued) The lesions remains hyperintense on late-phase fat-suppressed image (o), which may reflect signal loss 
in background liver more than retention of contrast in the lesion. 

T2-weighted fat-suppressed SS-ETSE (p), SGE (q), out-of-phase SGE (r), and immediate (s) and 90-s fat-suppressed (0 post- 
gadolinium images in a fifth patient show a FNH in a fatty liver. 

These cases illustrate that fatty infiltration of background liver is not uncommon in the setting of focal nodular hyperplasia. 
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Fig. 2.62 (Continued) 





Fig. 2.63 Exophytic FNH. SGE (a), immediate (b, c) and 3-min (d) postgadolinium SGE images. There is a lobular mass with 
a central scar in the anterior upper abdomen, which abuts the left hepatic lobe. This lesion is isointense on Tl -weighted image 
(arrows, a) and demonstrates a transient blush on the immediate postgadolinium image with lack of enhancement of the central 
scar (£>). Note early filling of the left hepatic vein (arrow, c) that drains the tumor, confirming its hepatic origin. Transverse id) 
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Fig. 2.63 (Continued) delayed image demonstrates late 
enhancement of the central scar. Despite its completely exophytic 
origin to the liver, the tumor exhibits the classic imaging features 
of FNH, which establishes the diagnosis. 

Immediate (e) and 90-s fat-suppressed (/) postgadolinium 
SGE images in a second patient with an exophytic FNH (arrow, 
e). No central scar is appreciated in this lesion. 

Coronal SS-ETSE (g), 3D-gradient echo (/?), and immediate (i) 
and 90-s (j) fat-suppressed 3D-gradient echo images obtained 
at 3T reveal an exophytic FNH arising from the left lobe, adjacent 
to the spleen, in another patient. 
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Fig. 2.64 Atypical FNH imaged with Gd-EOB-DTPA. Echo- 
train STIR (a), SGE (£>), out-of-phase SGE (c), and immediate (d) 
and 12-min hepatocyte phase fat-suppressed (e) post-Gd-EOB- 
DTPA SGE images. There is a lobular mass that is isointense on 
T2-weighted image (a) and Tl -weighted image (&), but it is well 
seen on out-of-phase image (c) as a high-signal mass because of 
signal drop of surrounding fatty liver. Atypical for FNH is negli- 
gible enhancement immediately after gadolinium administration 
(d). Note the high signal of the mass on the hepatocyte phase 
fat-suppressed image (e) that reflects both signal loss in the fatty 
liver and Gd-EOB-DTPA uptake in the hepatocytes of the FNH. 
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Fig. 2.65 FNH imaged with Gd-BOPTA. T2 weighted SS- 
ETSE (a), SGE (&), and immediate (c), 90-s (d), and 1-h fat- 
suppressed (e) postcontrast SGE images. There is a small lesion 
in segment 7 of the liver that demonstrates mildly high signal 
intensity on the T2-weighted image (a) and low signal on the 
Tl -weighted image (£>), enhances in an intense fashion on the 
early-phase image (c), and fades to background parenchyma on 
the late-phase image (d). On the 1-h postcontrast image (e) the 
lesion is increased in signal relative to background liver, reflecting 
hepatocyte uptake and retention of Gd-BOPTA (Courtesy of 
Guenther Schneider M.D., Ph.D.; Dept. of Diagnostic and Interven- 
tional Radiology, University Hospital Homburg/Saar, Germany). 
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Fig. 2.66 Metastases — illustrating sequences. Coronal T2-weighted SS-ETSE (a), SGE (&), and immediate (c) and 90-s fat- 
suppressed (d, e) postgadolinium images in a patient with metastases from cloacogenic carcinoma. A MR study of the liver should 
include coronal (a) in addition to transverse plane images, T2 (a), Tl (£>), and immediate (c) and 90-s fat-suppressed id) images. 
Multiple metastases are present throughout the liver. Well-defined ring enhancement is appreciated on immediate postgadolinium 
images (c). Attention to lung bases must be made to evaluate for lung metastases (arrow, e). 

Coronal T2-weighted SS-ETSE (/") and transverse echo-train STIR (g), SGE (h), and immediate (/) and 90-s fat-suppressed (/') 
postgadolinium SGE images in a second patient with capsule-based metastases who has colon cancer. Two capsule-based metastases 
are present that demonstrate scalloping of the liver margin. A large metastasis in segment 5 is also present, which obstructs the 
common hepatic duct (/"). 
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Fig. 2.66 (Continued) 





Fig. 2.67 Hypervascular liver metastases. Fat-suppressed T2-weighted ETSE (a), SGE (£>), and immediate (c) and 90-s (d) 
postgadolinium SGE images. A 7-cm metastasis is identified in the left lobe of the liver (a-d). Several metastases smaller than 1 cm 
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Fig. 2.67 (Continued) are present in the medial and anterior 
segments. These small metastases are moderately high in signal 
intensity on T2 (arrows, a) and not visible on Tl (£>), enhance 
intensely on immediate postgadolinium images (arrows, c), and 
wash out to lower signal intensity than liver on 90-s postgadolin- 
ium images (d). On the immediate postgadolinium image (c) the 
smallest lesions enhance homogeneously, whereas the 1-cm 
metastasis has ring enhancement. 

Echo-train STIR (e) and immediate (/") and 90-s fat-suppressed 
(g) postgadolinium SGE images in a second patient, who has a 
history of thyroid cancer. Two lesions are seen in the liver that 
are high signal on T2 (e) and enhance intensely on immediate 
postgadolinium images (/"), consistent with hypervascular metas- 
tases. Note also the presence of lung metastases (arrows, g). 
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Fig. 2.68 Liver metastases in fatty liver. SGE (a), out-of-phase SGE (£>), and immediate postgadolinium SGE (c) images. 
Multiple low-signal-intensity metastases are present in the liver on the in-phase Tl -weighted image (arrow, a). On the out-of-phase 
Tl -weighted image (b), the liver diminishes in signal intensity, rendering the metastases mildly high in signal intensity relative 
to liver. The immediate postcontrast image (c) shows that the lesions enhance in a peripheral ring fashion, consistent with 
metastases. 

SGE (d), out-of-phase SGE (e), and immediate postgadolinium SGE (/") images in a second patient with colon cancer liver metas- 
tases. Fatty liver may arise as a response to the presence of liver metastases or also as a response to the chemotherapy directed at 
the metastases. 
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Fig. 2.68 (Continued) Echo train-STIR (g), SGE (/?), out-of- 
phase SGE (i), and immediate (/') and 90-s fat-suppressed (k) 
postgadolinium images in a third patient, who has breast cancer. 
There are two lesions in the right hepatic lobe that demonstrate 
high signal on T2 (g), low signal on Tl (h), and ring enhancement 
after contrast administration (j, k), consistent with metastases. 
Note that the liver drops moderately in signal on the out-of-phase 
image (i) and a bright rim is present around the lesions, consistent 
with compressed liver parenchyma, which is unable to accumu- 
late intracytoplasmic lipid. 



MRI versus CT. MRI is superior to CT imaging in 
the evaluation of the liver [69, 132-136]. The current 
challenge is whether the superior performance of MRI 
translates into a beneficial effect on patient manage- 
ment, disease outcome, and health care costs. New MR 
sequences, phased-array surface coils, and tissue- 



specific MR contrast agents suggest that MRI may further 
exceed the diagnostic ability of CT imaging. 

An earlier study [69] compared the efficacy of non- 
spiral dynamic contrast-enhanced CT imaging and MRI 
employing T2-weighted fat-suppressed spin-echo, Tl- 
weighted precontrast gradient-echo, and dynamic serial 
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Fig. 2.69 Melanoma metastases in a fatty liver — comparison of spiral CT imaging and MRI. Spiral CT (a), SGE (b), 
out-of-phase SGE (c), and fat-suppressed T2-weighted ETSE id) images. A solitary melanoma metastasis is apparent on the spiral CT 
image (arrow, a). Multiple mildly hyperintense metastases smaller than 1 cm are identified on the SGE image (&), and these high- 
signal-intensity lesions become more conspicuous on the out-of-phase image (c). Lesions are apparent on the T2-weighted images 
id) but are not as clearly shown as on the out-of-phase images (c). The presence of fatty infiltration of the liver has resulted in a signal 
drop on out-of-phase images (c), which has increased the conspicuity of the high Tl-weighted signal intensity liver metastases. 



postgadolinium gradient-echo images in 73 patients 
with clinically suspected liver disease. The results dem- 
onstrated a statistically significant difference in lesion 
detection (P < 0.03) and characterization (JP < 0.01) by 
dynamic MRI (fig. 2.71). A follow-up study [133] com- 
pared these MRI sequences to dynamic nonspiral con- 
trast-enhanced CT images in 20 patients with solitary 
hepatic metastases detected by CT imaging and dem- 
onstrated that MRI depicted more than one lesion in 
30% (6 of 20) of patients. 

The authors reported [137] a comparison between 
MRI using T2-weighted fat-suppressed echo-train spin 
echo and immediate postgadolinium spoiled gradient 
echo with single-phase spiral CT for the detection and 
characterization of hepatic lesions in 89 patients. The 
results demonstrated a statistically significant difference 
in the detection (JP < 0.001) and characterization (P< 



0.001) of lesions by MR images on a patient-by-patient 
basis. No patients had true-positive lesions shown on 
spiral CT that were not shown on MRI. Regarding effect 
on patient management, findings on MRI provided 
information that altered care compared to findings on 
spiral CT in 64% of patients. A follow-up study [138] 
comparing dual-phase spiral CT and the above-described 
MRI sequences in 22 patients also showed the superior- 
ity of MR over dual-phase spiral CT in the detection and 
characterization of lesions. Our current clinical experi- 
ence with 16-row multidetector CT and MRI shows 
similar findings that reveal the superiority of MRI in liver 
imaging. As MRI and CT both evolve as modalities, MRI 
has consistently shown superiority over CT, including 
comparison to current CT techniques. In fact, our 
impression is that with increasing numbers of rows 
of detectors, although spatial resolution may improve, 
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Fig. 2.70 Liver metastases, coronal images. Coronal mag- 
netization-prepared gradient-echo (a), coronal T2-weighted SS- 
ETSE (£>), and 45-s postgadolinium SGE (c) images. A 6-cm colon 
cancer metastasis is present in the medial segment that is hetero- 
geneous and low in signal intensity on the Tl -weighted image (a) 
and heterogeneous and mildly hyperintense on the T2-weighted 
image (£>). A 1-cm capsule-based metastasis is identified in the 
lateral segment (arrows a, b) that has signal intensity features 
similar to those of the larger metastasis. Close proximity to the 
stomach (large arrow, b) is appreciated. The transverse postgado- 
linium image (c) demonstrates ring enhancement around the large 
heterogeneously low-signal-intensity metastasis. Ring enhance- 
ment is also appreciated around the small lesion (arrow, c). This 
lesion could easily be mistaken for a partial volume artifact with 
the nearby stomach (large arrow, c) on transverse sections. At least 
one coronal acquisition is recommended to minimize potential 
errors of ascribing lesions on the superior and inferior edges of the 
liver as partial volume effects. 



contrast resolution, which is essential to detect small 
malignant tumors, may actually suffer. 

MRI versus CTAP. Comparison between spiral CT 
arterial portography (CTAP) and current MRI techniques 
for diagnostic accuracy, cost, and effect on patient man- 
agement has been studied using a population of 26 
patients referred for hepatic surgery with suspected 
malignant liver lesions [139]. Regarding lesion detection, 
CTAP and MRI, respectively, showed 185 and 176 
true-positive malignant lesions, 15 and false-positive 
malignant lesions, and 18 true-negative malignant 
lesions, and 13 and 22 false-negative malignant 
lesions. Regarding segmental involvement, CTAP and 
MRI, respectively, showed 107 and 105 true-positive 
segments, 11 and false-positive segments, 80 and 91 
true-negative segments, and 4 and 6 false-negative seg- 
ments. A statistically significant difference in specificity 
of segmental involvement was observed between MRI 
and CTAP (P < 0.03). Total procedural charges were 
twofold higher for CTAP than for MRI. Findings at MR 
imaging altered patient treatment in seven patients, 
whereas findings at CTAP did not impact on patient 
treatment in any of the cases; this result was statistically 



significant (JP = 0.015). The results of this study demon- 
strated that MRI has higher diagnostic accuracy and 
greater effect on patient management than spiral CTAP 
and is 64% less expensive. A follow-up study [140] 
comparing spiral CTAP and MRI in 20 surgically staged 
patients showed a trend that MR was superior for lesion 
detection and segmental involvement. CTAP and MR 
images demonstrated, respectively, 54 and 60 true-pos- 
itive lesions, six and one false-positive lesions, 15 and 
22 true-negative (i.e., benign) lesions, and eight and 
two false-negative lesions. CTAP and MR images dem- 
onstrated, respectively, 57 and 62 true-positive segmen- 
tal involvement, six and one false-positive segmental 
involvement, 89 and 95 true-negative segmental involve- 
ment, and eight and two false-negative segmental 
involvement. A major problem with CTAP is the fre- 
quent occurrence of perfusion defects that can resemble 
a focal mass or can mask the presence of metastases 
on CTAP images. Perfusion defects are rarely problem- 
atic on MR images (figs. 2.72 and 2.73). 

MR Features of Liver Metastases. Metastases 
vary substantially in appearance on T2- and Tl -weighted 
images. Generally, they are moderately high in signal 
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Fig. 2.71 Liver metastases, spiral and multidetector CT imaging versus MRI. Spiral contrast-enhanced CT (a), and imme- 
diate post gadolinium SGE Qf) image. No lesions in the liver dome are apparent on the spiral CT image, while uniform ring enhanc- 
ing lesions are evident on the immediate postgadolinium SGE image (arrow, b). 

Multidetector contrast-enhanced CT (c) and immediate fat-suppressed postgadolinium SGE (d) images in a patient with liver 
metastases from carcinoid tumor. Note that extensive metastases are observed on the early-phase postcontrast MR image id), while 
only one lesion (arrow, c) is appreciated on the multidetector CT image. 

Multidetector contrast-enhanced CT (e) and immediate postgadolinium fat-suppressed 3D-gradient obtained at 3T (/) images 
in a patient with a large pancreatic tumor. No liver lesion is detected on CT (e), but on the MR image a metastasis is apparent in 
segment 6. 
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Fig. 2.72 Liver metastases — spiral CT arterial portography versus MRL Spiral CTAP (a, £>), SGE (c, d), fat-suppressed 
T2-weighted SS-ETSE (e,f) and immediate postgadolinium SGE (g, h) images from superior (a, c, e, g) and more inferior (b, d,f, h) 
tomographic sections. A large metastasis is present in the right lobe of the liver shown on all imaging techniques (a, c, e, g). A 
second metastasis was suspected on the CTAP image (arrow, b) in the lateral segment. No lesion was identified in this location on 
any MRI sequence. CTAP findings would have precluded surgery. However, the decision to operate was based on MRI findings. No 
liver metastasis was identified in the lateral segment by surgical palpation or intraoperative sonography. The patient is disease-free 
for more than 5 years since right hepatectomy. MRI was more accurate and had a greater impact on patient management and 
outcome than CTAP. 
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Fig. 2.72 (Continued) Spiral CTAP (/), SGE (/'), fat-suppressed T2-weighted SS-ETSE (&), and immediate (/) images in a second 
patient with liver metastases from colon cancer. Spiral CTAP and MR images demonstrate an 8-mm metastasis in the anterior segment 
of the right lobe (arrow, /, te) and a perfusional abnormality related to a metastasis in the anterior segment of the right lobe 
(short arrows, /, I). A focal defect interpreted as metastasis on the CTAP image (long arrow, i) is apparent in the medial segment, 
but is not identified on any of the MR images (/'-/). No metastasis in this location was identified at surgery and intraoperative 
sonography. 



DISEASE OF THE HEPATIC PARENCHYMA 



147 





Fig. 2.73 Liver metastases — perfusional defect. Spiral CTAP (a) and fat-suppressed T2-weighted SS-ETSE (b) images. Multiple 
large perfusional defects are present on the CTAP image (a), with the entire left lobe exhibiting diminished perfusion. A 1.5-cm 
liver metastasis is present on the T2-weighted image (arrow, b), which was masked by the perfusion defect on the CTAP image. 



intensity on T2 -weighted images and moderately low in 
signal intensity on Tl -weighted images. 

Lesional and Perilesional Enhancement. 

Enhancement is considered lesional when the size of the 
metastases on Tl -weighted precontrast images and on 
arterial dominant-phase images is equal, and generally 
the outer margin of enhancement is well defined. 
Perilesional enhancement is described when the 
enhancement occurs beyond the margins of the lesion 
delineated on precontrast images, and the outer margin 
of enhancement is generally ill defined or wedge shaped. 

The pattern of lesional enhancement of liver metas- 
tases has a strong association with the size of the lesion. 
Liver metastases can be classified according to the fol- 
lowing features based on the pattern of enhancement 
on arterial dominant-phase images and the size of 
metastases: 1) homogeneous, usually when the lesion 
is <1.5-cm in the transverse diameter; 2) heterogeneous 
(uncommon), usually when the lesion is >1.5cm in the 
transverse diameter; and 3) ring enhancement, com- 
monly when the lesion is >1.5cm in transverse diameter 
[141, 142]. It should be noted that homogeneity of 
enhancement occurring in lesions >1.5cm is not rare, 
particularly when the primary tumor is hypervascular. 
Heterogeneity observed on early-phase images may 
reflect necrosis within the metastases. Diffuse heteroge- 
neous enhancement observed in >1.5-cm hypervascular 
metastases may possess a radial spoke-wheel appear- 
ance with thin radial strands of lesser enhancement. 

The ring enhancement pattern on early-phase 
images is the most characteristic appearance of liver 



metastases (fig. 2.74) [72, 81, 141, 143-145]. On arterial 
dominant-phase images, the outer margin of the metas- 
tasis enhances prominently and the inner portion has 
negligible enhancement, reflecting the underlying patho- 
physiology that the most vascularized outer portion of 
the tumor enhances more intensely. On interstitial-phase 
images there is an equilibration of enhancement as the 
less vascularized central tumor gradually receives its 
blood supply. The outer margin demonstrates a decrease 
in the degree of enhancement that may appear as het- 
erogeneous fading to near isointensity or washout, and 
the inner area shows an increase in the degree of 
enhancement. The centripetal enhancement with the 
washout of the outer margin observed in the interstitial 
phase is highly suggestive of malignancy [145]. It is sug- 
gested that the lesional washout occurs because the 
peripheral margin of the metastasis is more vascularized, 
and therefore contrast enters and leaves this region more 
rapidly, while the inner portion is less well vascularized, 
ischemic, and fibrotic and thus receives a decreased 
amount of contrast but retains it to a longer extent 
[145-149]. The outer margin has a high ratio between 
intravascular and interstitial space, but the inner portion 
has a decreased intravascular space and an increased 
interstitial space [145, 146]. As a consequence, the blood 
supply is decreased in the inner portion of the metasta- 
ses [145] and the clearance of the gadolinium is slower 
[150]. Well-defined peripheral washout with centripetal 
enhancement is most typical of hypervascular metasta- 
ses, with gastrinoma being the most common. 

Perilesional enhancement can be classified based 
on the shape of parenchymal enhancement as follows: 
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Fig. 2.74 Gastrointestinal stromal sarcoma — metastases that mimic hemangiomas on T2. Coronal T2-weighted SS-ETSE 
(a), coronal SGE (£>), fat-suppressed T2-weighted ETSE (c), SGE (d), and immediate (e) and 90-s (/") fat-suppressed postgadolinium 
SGE images. There are two lesions that are well-defined and demonstrate high signal on T2-weighted images (a, c) and low signal 
on Tl -weighted images (b, d). The high signal on T2-weighted images (a, c) resembles hemangiomas. Ring enhancement is shown 
on immediate postgadolinium images (e), diagnostic for metastases. 
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1) Circumferential enhancement is more typically ill- 
defined and better demonstrated on the arterial domi- 
nant phase with fading on interstitial-phase images; 
commonly observed in colon cancer metastases, and 2) 
wedge-shaped enhancement that is more sharply 
demarcated and often observed on metastases from 
pancreatic ductal adenocarcinoma [151]. 

Perilesional enhancement is uncommonly observed 
in other metastases apart from colorectal and pancreatic 
ductal adenocarcinoma [141, 151-153]. Perilesional 
enhancement is uncommon in hypervascular tumors 
such as islet cell tumors or renal cell carcinomas, imply- 
ing that increased hepatic arterial supply is not the 
cause of perilesional enhancement. A study [151] 
reported that microscopic examination of liver tissue 
surrounding metastases showed variable degrees of 
hepatic parenchyma compression, desmoplastic reac- 
tion, inflammatory infiltrates, and neovascularization. 
This histopathologic zone, surrounding the metastasis, 
was termed the tumor border. Tumors with more exten- 
sive perilesional enhancement had a thicker tumor 
border. The area of perilesional enhancement observed 
on imaging was, however, broader than the tumor 
border noted on histopathologic inspection, suggesting 
the possibility that vascular changes extended beyond 
the outer confines of compressed liver tissue. 
Hypothetically, hepatocellular damage induced by the 
presence of nearby tumor or secretion of tumor metabo- 
lites into the vicinity adjacent to tumor may have incited 
an inflammatory response and neovascularization, con- 
tributing to the perilesional enhancement seen on MR 
images (fig. 2.75). 

Association Between Vascularity of Liver 
Metastases and Degree of Enhancement. Liver 
metastases are fed primarily by arterial blood supply. The 
degree of enhancement of liver metastases on arterial 
dominant-phase images is determined by the size and 
number of vessels and the capillary permeability within 
the lesion. Moreover, the presence of fibrosis, necrosis, 
or confluent dense cellularity may also influence the 
degree of enhancement of liver metastases (fig. 2.76). 

On the basis of the degree of enhancement of both 
arterial dominant- and interstitial-phase images, and on 
the lesion conspicuity on the interstitial-phase images, 
liver metastases by MRI may be categorized as follows: 

1) avascular when there is a lack of lesional enhance- 
ment on arterial dominant- and interstitial-phase images; 

2) hypovascular when the lesion demonstrates a lack 
of or faint enhancement on arterial dominant phase, 
comparable with the signal intensity of the pancreas 
and/or renal cortex, and becomes more conspicuous on 
interstitial-phase images; 3) isovascular when the lesion 
demonstrates similar enhancement as the background 
parenchyma on arterial dominant-phase images and 



may become more conspicuous on interstitial phase; 
and 4) hypervascular when the lesion shows moderate 
or intense enhancement on arterial dominant-phase 
images more accentuated than the background paren- 
chyma and similar to the signal intensity of the pancreas 
and/or renal cortex and less conspicuous on interstitial 
phase [5, 142]. 

To analyze the degree of enhancement on arterial 
dominant-phase images, it is crucial to determine 
whether the sequence was acquired in the "perfect 
timing of enhancement." Perfect timing of enhancement 
is considered when contrast is seen in hepatic arteries 
and portal veins but not in hepatic veins [51 Normal 
pancreas and/or renal cortex are used as referent organs 
to establish the degree of lesional enhancement on arte- 
rial dominant-phase images. These structures are highly 
vascularized and are located in close proximity to the 
liver, facilitating this analysis. 

Avascular metastases appear as completely cystic or 
necrotic metastases. They are characterized by high 
signal intensity on T2-weighted images, low signal 
intensity on Tl -weighed images, and lack of enhance- 
ment on arterial dominant- and interstitial-phase images. 
A thin lesional or perilesional enhancement in the 
margin of the metastases is often demonstrated in one 
of the phases postcontrast. Metastases from ovarian 
cancer and after treatment (chemotherapy, chemoem- 
bolization, or ablation) may demonstrate avascularity 
on dynamic postcontrast images (fig. 2.77). Avascular 
metastases may mimic the appearance of benign cysts 
(fig. 2.78). Sometimes, the delayed postgadolinium 
images demonstrate indistinct borders of metastatic 
lesions and a decrease in size due to peripheral enhance- 
ment. This feature distinguishes avascular metastases 
from true cysts since the latter lesions remain sharply 
circumscribed with no change in size on late postcon- 
trast images. 

Hypovascular metastases are characterized by near 
isointensity or high signal intensity on T2-weighted 
images and low signal on Tl -weighted images. After 
contrast, hypovascular metastases demonstrate minimal 
enhancement on arterial dominant-phase images that 
tends to be more conspicuous on interstitial-phase 
images [154]. Primary tumors that commonly result in 
hypovascular metastases include colorectal carcinoma 
(fig. 2.79), transitional cell carcinoma (fig. 2.80) [5], 
pancreatic ductal adenocarcinoma, small bowel adeno- 
carcinoma, pulmonary carcinoma, bladder carcinoma, 
and prostate carcinoma [141, 152]. 

Isovascular metastases are characterized by lesional 
enhancement similar to background parenchyma on 
arterial dominant-phase images. On interstitial-phase 
images, isovascular metastases often, but not always, 
show decrease in the degree of enhancement (washout), 
becoming more conspicuous. Isovascular metastases are 
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Fig. 2.75 Liver metastases with perilesional enhance- 
ment. Immediate postgadolinium SGE images (a,b) in two patients 
demonstrating perilesional enhancement. The first patient has 
pancreatic cancer and metastases exhibit wedge-type enhance- 
ment, while the second has gastric cancer, and shows circumfer- 
ential perilesional enhancement. 

T2-weighted fat-suppressed SS-ETSE (c) and Tl-weighted fat- 
suppressed immediate- (d) and 90-s-phase (e) postgadolinium 
images obtained at 3T in a third patient demonstrate perilesional 
enhancement on delayed phase images that is characteristic for 
colon cancer metastases. 
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Fig. 2.76 Endometrial cancer with liver metastases. Echo-train STIR (a), SGE (£>), and immediate (c) and 90-s fat-suppressed 
postgadolinium SGE(d) images in a patient who has endometrial cancer. There are multiple lesions that demonstrate high signal 
on T2 (a)- and low signal on Tl (b)-weighted images and exhibit ring enhancement and perilesional enhancement on immediate 
postgadolinium images (c). Ring enhancement persists on interstitial-phase images (d). 



generally well-demonstrated on precontrast images as 
high signal intensity on T2-weighted images, low signal 
on Tl-weighted images, or both. This appearance is 
most often observed in metastases after chemotherapy, 
presumably reflecting an antiangiogenic effect. Most 
commonly, metastases from colon, thyroid, and endo- 
metrium may demonstrate isovascularity [5, 150]. 

Hypervascular metastases are generally high in 
signal intensity on T2-weighted images and low in 
signal intensity on Tl-weighted images and possess a 
moderate or intense peripheral ring of enhancement on 
early-phase images, comparable with the extent of 
enhancement of the pancreas and/ or renal cortex. On 
interstitial-phase images these metastases are the most 
likely to show centripetal enhancement and peripheral 
washout (figs. 2.81-2.84) [72, 143, 144]. Hypervascular 
metastases are more conspicuous on arterial dominant- 
phase images because of the great signal difference 



between intensely enhanced lesions and minimal 
enhancement of the background parenchyma. 

Small (<1.5cm) hypervascular metastases are com- 
monly homogeneously high in signal intensity on T2- 
weighted images and homogeneously low in signal 
intensity on Tl-weighted images and show either fading 
to background or washout. Often, small hypervascular 
metastases (especially those <1.0cm) are only evident 
on hepatic arterial dominant-phase images; that is, the 
lesion is isointense on T2- and Tl-weighed images and 
interstitial-phase postcontrast images [143]. 

The malignancies that most commonly result in 
hypervascular liver metastases include breast cancer, 
renal cell carcinoma, carcinoid tumor, islet cell tumor, 
thyroid carcinoma, adenocarcinoma of unknown primary 
site, leiomyosarcoma, and malignant melanoma. Other 
malignancies that occasionally result in hypervascular 
liver metastases include colon carcinoma, pancreatic 
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Fig. 2.77 Hypovascular cystic metastases. Coronal T2- 
weighted SS-ETSE (a), fat-suppressed T2-weighted SS-ETSE (£>), 
and immediate (c) and 90-s fat-suppressed (d, e) postgadolinium 
SGE images. The liver is massively expanded with multiple cysts 
of varying sizes that replace the parenchyma. Some of these cysts 
have relatively uniform walls, some contain debris, and some 
cystic lesions have mural nodules (arrows, c) and intervening 
tumor stroma. On interstitial phase images (d, e), some progres- 
sive enhancement of tumor stroma is appreciated. The metastases 
are from epithelioid stromal tumor. 




DISEASE OF THE HEPATIC PARENCHYMA 



153 





Fig. 2.78 Hypovascular liver metastases with high fluid content from adenocarcinoma of unknown primary. 

Immediate (a) and 10-min (b) postgadolinium SGE images. Hypovascular liver metastases with a high fluid content are low in signal 
intensity on Tl (not shown) and high in signal intensity on T2 (not shown) images. On immediate postgadolinium images (a), they 
may appear well defined and nearly signal void, mimicking the appearance of cysts. On delayed postgadolinium images Qf) these 
lesions will partially enhance and decrease in size, permitting correct characterization (Reproduced with permission from Semelka 
RC, Shoenut JP, Greenberg HM, Micflikier AB. The liver. In: Semelka RC, Shoenut JP, eds. MRI of the Abdomen with CT Correlation. 
New York: Raven Press, 1993. p.13-41). 

Echo-train STIR (c), SGE (d), and immediate (e) and 90-s fat-suppressed (/") postgadolinium SGE images in a second patient with 
adenocarcinoma of unknown primary. There are multiple metastases scattered throughout the liver that exhibit high signal on T2- 
weighted images (c), low signal on Tl -weighted images (d), and mild ring enhancement on immediate postgadolinium images (e) 
with progressive enhancement of the lesions on delayed images (/"). 

As these cases illustrate, patients with adenocarcinoma of unknown primary often have extensive liver metastases that also may 
be of relatively low vascularity. 
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Fig. 2.79 Low-fluid-content colon cancer metastases. SGE (a, b) and immediate postgadolinium SGE (c, d) images. Lesions, 
especially small lesions, are difficult to discern on noncontrast T2 (not shown)- and Tl (a, £>)-weighted images. On immediate 
postgadolinium images (c, d), lesions are rendered conspicuous because of ring enhancement. Lesions <1 cm in size may be detected 
and characterized with this technique. 

Coronal fat-suppressed T2-weighted SS-ETSE (e), coronal SGE (/"), transverse T2-weighted SS-ETSE (g), and transverse immediate 
postgadolinium SGE (h) images in a second patient. There are multiple metastases in the liver that are near isointense on T2 (e, g) 
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Fig. 2.79 (Continued) and hypointense on Tl-weighted images (/"), and demonstrate ring enhancement on postgadolinium 
images (h). These liver metastases are poorly seen on T2 (e, g), well seen on Tl (/"), and very well shown on immediate post- 
gadolinium images (h). 





Fig. 2.80 Hypovascular liver metastases with low fluid 
content. Fat-suppressed T2-weighted ETSE (a), SGE (&), and 
immediate postgadolinium SGE (c) images. Hypovascular liver 
metastases with low fluid content are usually low in signal inten- 
sity on T2- and Tl-weighted images, which renders them isoin- 
tense to minimally hyperintense in signal intensity relative to liver 
on T2-weighted images (a) and low in signal relative to liver on 
Tl-weighted images Qf). Hypovascular liver metastases with low 
fluid content possess imaging features comparable to those of 
fibrous tissue. Despite their hypovascularity, these metastases 
exhibit faint peripheral rim enhancement on the immediate image 
(c) (Reproduced with permission from Semelka RC, Shoenut JP, 
Greenberg HM, Micflikier AB. The liver. In: Semelka RC, Shoenut 
JP, eds. MRI of the Abdomen with CT Correlation. New York: 
Raven Press, 1993, p.13-41). 
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Fig. 2.80 (Continued) Immediate id) and 90-s fat-suppressed (e) postgadolinium SGE images in a second patient, who has a 
history of bladder carcinoma. On the immediate postgadolinium image (d), the lesions exhibit negligible enhancement, and on the 
interstitial-phase image (e), they become heterogeneously isointense with liver. 

Immediate postgadolinium SGE (f) image in a third patient. Multiple hypointense lesions with faint ring enhancement are seen 
in the hepatic parenchyma, consistent with metastases. 

Echo-train STIR (g) and immediate (h) and 90-s fat-suppressed (i) postgadolinium SGE images in a fourth patient. Extensive 
metastases are scattered throughout the liver that appear moderately high signal on T2 (g) and moderately low signal on Tl (not 
shown), show ring enhancement on immediate postgadolinium images (b), and enhance to near isointensity on late images (/). 
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Fig. 2.81 Hypervascular liver metastases from adenocarcinoma of unknown primary. SGE (a) and immediate Qf) and 
90-s fat-suppressed postgadolinium SGE (c) images. There are numerous lesions scattered throughout the hepatic parenchyma, 
which are low signal on Tl -weighted image (a), exhibit ring enhancement immediately after gadolinium administration (b), and 
enhance to near isointensity with liver on interstitial-phase images (c). 

Echo-train STIR (d), SGE (e) and immediate postgadolinium SGE (/") images in a second patient. There are numerous metastases 
in the liver. One lesion has mildly increased signal on T2-weighted image id) and high signal on Tl -weighted image (e), consistent 
with hemorrhage. Note that many of the <l-cm metastases exhibit moderately intense uniform enhancement (/"). 




Fig. 2.81 (Continued) Fat-suppressed T2-weighted ETSE (g), SGE (ib), and immediate (i) and 2-min (/') postgadolinium SGE 
images. The liver contains numerous metastases scattered throughout all segments that are moderately high in signal intensity on 
T2 (g) and well defined and moderately low in signal intensity on Tl (h) and have prominent thick uniform rings of enhancement 
on immediate postgadolinium images (/)• Peripheral washout with centripetal progression of enhancement is noted on the delayed 
postcontrast image (/'). Peripheral washout is common in hypervascular tumors that possess uniform intense rings of enhancement 
on immediate postgadolinium images. 





Fig. 2.82 Liver metastases from ovarian cancer. T2-weighted SS-ETSE (a), SGE (£>), and immediate (c) and 90-s fat-suppressed 
id) SGE images. A rounded lesion is seen in the left hepatic lobe that shows high signal intensity on the T2-weighted image (a), 
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Fig. 2.82 (Continued) low signal intensity on the Tl-weighted image (arrow, £>), and faint ring enhancement and perilesional 
enhancement on the early-phase image (c) that become less conspicuous on the late-phase image (d), consistent with a metastasis. 

Fat-suppressed T2-weighted ETSE (e) and immediate (/") and 10-min (g) postgadolinium SGE images in a second patient with 
ovarian cancer. Multiple varying-sized metastases are scattered throughout the liver. The largest metastasis is high in signal intensity 
centrally on the T2-weighted image (e) because of central necrosis. Metastases are better shown on the immediate postgadolinium 
image and appear as multiple hypervascular lesions with ring enhancement. Ring enhancement is appreciated in metastases as small 
as 6mm (arrow,/). Peripheral washout of metastases is apparent on the 10-min postgadolinium image (g). 

T2-weighted SS-ETSE (h) and immediate (i) and 90-s fat-suppressed (/') postgadolinium SGE images in a third patient demon- 
strates a liver metastasis that is high signal intensity on the T2-weighted image (h) and low signal intensity on the Tl-weighted 
image (not shown) and shows a faint thin ring enhancement on the early-phase image (i) that becomes more conspicuous on the 
late-phase image (/')• 
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Fig. 2.82 (Continued) T2-weighted SS-ETSE (k) and immedi- 
ate (/) and 90-s fat-suppressed (m) postgadolinium SGE images in 
a fourth patient with liver metastases from ovarian cancer demon- 
strate metastases that are heterogeneously high signal intensity on 
T2-weighted images (k) and moderately low signal intensity on 
Tl -weighted images (not shown) and show moderate ring 
enhancement on early-phase images (/) that becomes less con- 
spicuous on late-phase images (m). 
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Fig. 2.83 Lung and liver metastases. Immediate (a, c) and 
90-s fat-suppressed (£>) postgadolinium SGE images in a patient 
who has a history of carcinoma of the sphenoid sinus. A metastasis 
in the left hepatic lobe is present, which demonstrates peripheral 
rim enhancement following administration of contrast (a) that 
persists on the late image (b), consistent with a metastasis. Note 
that lung metastases are also present (arrows, c). 



ductal carcinoma, and lung cancer [143, 155]. The most 
commonly observed extremely hypervascular metastases 
are of neuroendocrine origin (i.e., carcinoid and islet cell 
tumor). 

Enhancement of hypervascular metastases is better 
shown on MR than on CT images because of the higher 
sensitivity of MRI for gadolinium chelates, the more 
compact bolus of contrast delivered to the hepatic 
parenchyma, and the better temporal resolution for 
dynamic image acquisition (fig. 2.85). 

MR Features of Liver Metastases According to 
Primary Site. Certain histologic types of metastases 
may display distinctive morphology or patterns of 
enhancement (figs. 2.86-2.88). 

Metastases from colon cancer are commonly hypo- 
vascular. As a characteristic histopathologic finding, these 
tumors have a thin zone of fibrous tissue and inflamma- 
tory cells that translates in a thin peripheral ring of 
enhancement on MR images that enhances on early- 
phase images and remains enhanced on late-phase 
images [141]. When tumors exceed 3 cm in diameter, 



metastases from colorectal cancer typically develop a 
cauliflower-type appearance. It is suggested that this 
appearance is due to the presence of fibrous tissue 
strands and inflammatory cells that extend into the 
lesions, surrounded by islets of tumoral cells that arise 
with tumor growth and bulge through portions of the 
fibrous encapsulation [14 1]. This creates areas of periph- 
eral enhancement that extend into the periphery of the 
tumor, creating the cauliflower-type appearance. Large 
solitary metastases are most commonly observed in colon 
carcinoma. This imaging observation may in part reflect 
the fact that colon cancer is the most frequently encoun- 
tered liver metastasis. Minimal involvement of the liver 
with metastatic disease explains why colon cancer is one 
of the few malignancies amenable to curative surgical 
resection of liver metastases. Colorectal metastases may 
exhibit coagulative necrosis, which may produce central 
low signal intensity on T2-weighted images surrounded 
by higher-signal-intensity viable tumor [156]. 

Multiple small subcapsular metastases are observed 
in approximately one-third of patients with liver metas- 
tases from colon cancer. These metastases may only 
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Fig. 2.84 Cauliflower-shaped metastasis from ovarian 
cancer. Echo-train STIR (a), SGE (£>), and immediate postgado- 
linium SGE (c) images. A large mass is seen in the left hepatic lobe, 
which demonstrates high signal on T2-weighted (a), low signal on 
Tl -weighted (b), and ring and perilesional enhancement on imme- 
diate postgadolinium images (c). Note that the lesion resembles a 
colon cancer metastasis because of its cauliflower shape. 




be apparent on immediate postgadolinium images 
(fig. 2.89). 

Metastases from breast cancer are characterized as 
hypervascular. Breast cancer liver metastases have a 
greater range of MR findings than other common types 
of liver metastases. These patterns include ring, miliary, 
and confluent segmental (figs. 2.90-2.92). Confluent 
segmental involvement is more typical of breast cancer 
than of any other cancer. [141, 142]. 

Metastases from pancreatic ductal adenocarcinoma 
are commonly hypovascular, but hypervascularity is not 
rare. Lesions tend to be multiple and scattered through- 
out the parenchyma or capsule based. Circumferential 
or wedge-shaped perilesional enhancement is not 
uncommon. On T2 -weighted images, lesions show 
moderately high signal intensity, and on Tl -weighted 
images lesions exhibit mildly low signal intensity or 
isointensity, particularly when <1.5cm. In approximately 
20% of patients, the only liver metastases present are 
small (<1.5cm) and capsule based and are only seen 
transiently on hepatic arterial dominant-phase images 
as hypervascular lesions [152]. 



Metastases from squamous cell lung cancer are 
generally characterized as well-defined rounded masses 
that have a high-signal-intensity rim and a low-signal- 
intensity center on T2-weighted images and show 
intense enhancement of the outer rim on early postcon- 
trast images (fig. 2.93). Squamous cell carcinomas from 
other sites of origin also tend to be rounded and have 
uniform ring enhancement on immediate postcontrast 
SGE images (fig. 2.93). 

Metastases from unknown primary site are com- 
monly hypervascular and multiple. However, hypovas- 
cular lesions and solitary lesions are not uncommon 
[152]. Hypervascular metastases appear high in signal 
intensity on T2 -weighted images and moderately low 
signal intensity on Tl -weighted images and show 
intense enhancement on immediate postgadolinium 
images that becomes less evident on interstitial-phase 
images. 

Poorly differentiated adenocarcinomas frequently 
demonstrate numerous metastases <2cm scattered 
throughout the entire liver. These metastases are typi- 
cally high in signal intensity on T2 -weighted images and 
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Fig. 2.85 Hypervascular liver metastases from small bowel leiomyosarcoma. Dynamic contrast-enhanced CT (a), SGE 
(£>), fat-suppressed T2-weighted SE (c), and immediate postgadolinium SGE (d, e) images. A 4-cm metastasis was appreciated on the 
CT imaging study (a). The SGE image (b) demonstrated a second 8-mm lesion in the lateral segment (arrow, b). The fat-suppressed 
T2-weighted SE image (c) demonstrated the lesion in the lateral segment (long arrow, c) and a 5-mm subcapsular lesion in the 
anterior segment (short arrow, c). Immediate images (d, e) demonstrate ring enhancement around the 4-cm metastases and uniform 
enhancement of the 8-mm metastases in the lateral segment (long arrow, d, e) and of the 5-mm subcapsular metastases (short arrow, 
e). Wedge-shaped transient increased enhancement is present in the posterior segment (large arrow, d), which is also faintly appar- 
ent on the CT image (a). Dynamic contrast enhanced CT (/"), SGE (g), fat-suppressed T2-weighted SE (/?), and immediate (i) and 
45-s (/') postgadolinium SGE images from the midhepatic level in the same patient. A 7-mm metastasis is present in the right lobe 
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Fig. 2.85 (Continued) of the liver that is not visualized on the CT (/") or noncontrast Tl -weighted (g) or T2-weighted (h) 
images, but is well shown as a uniformly enhancing lesion (arrow, i) on the immediate image (/). The metastasis washes out rapidly 
and becomes isointense with liver by 45 s (/). Small hypervascular malignant lesions commonly are shown only on hepatic arterial 
dominant-phase images. 



show peripheral ring enhancement on immediate post- 
gadolinium images. These metastases range from hypo- 
vascular to very hypervascular. Small cell and other 
aggressive nonsquamous cell lung cancers have similar 
imaging findings (figs. 2.94 and 2.95). 

Metastases from gastrinomas exhibit a uniform 
moderately intense peripheral ring pattern of enhance- 
ment on arterial dominant-phase images and have a 
particular propensity to washout peripherally on late- 
phase images (fig. 2.96). Gastrinoma metastases often 
appear as a relatively uniform population of lesions. 
Metastases may also be extremely extensive despite 
relatively mild patient symptomatology. 

Metastases from melanoma may represent a mixture 
of high- and low-signal-intensity lesions on T2- and Tl- 
weighted images because of the paramagnetic property 
of melanin (fig. 2.97). Melanoma metastases must be 
highly pigmented, well-differentiated lesions to produce 
this paramagnetic effect. Amelanocytic malignant mela- 
nomas or poorly-differentiated tumors do not contain 



melanin and therefore will not produce the paramag- 
netic effect and will appear mildly hyperintense on 
T2-weighted images and mildly hypointense on Tl- 
weighted images. Melanoma metastases may be hyper- 
vascular and may also be very extensive. 

Metastases from carcinoid tumor commonly demon- 
strate high signal intensity on T2-weighted images, low 
signal intensity on Tl -weighted images, and moderate 
or intense enhancement after contrast administration, 
suggesting hypervascularity (fig. 2.98) [157]. On late- 
phase images, metastases from carcinoid tumor either 
wash out or fade to isointensity. Not uncommonly, they 
are only appreciated on immediate postgadolinium 
images. In addition, carcinoid metastases may resemble 
HCC as they can also be high signal intensity on non- 
contrast Tl -weighed images (reflecting protein synthe- 
sis) and can show washout with capsule enhancement 
on late-phase images. In approximately 90% of patients 
with liver metastases, the lesions are hypervascular, and 
in 10% they can be hypovascular [158]. 
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Fig. 2.86 Small colon cancer metastases. Immediate (a) 
and 90-s fat-suppressed postgadolinium SGE (b) images. On the 
immediate postgadolinium SGE image (a), a 1-cm ring enhancing 
metastasis is identified in segment 8 (arrow, a) that equilibrates 
with background liver on the interstitial-phase image (b) 

Immediate postgadolinium SGE image (c) in a second patient 
shows multiple small subcapsular metastases (arrows) from colon 
cancer. 



Metastases from mucin-producing tumors such as 
ovarian cancer or mucinous cystadenocarcinoma of the 
pancreas may result in liver metastases that are high in 
signal intensity on Tl -weighted images because of the 
protein content (fig. 2.99). 

Metastases that are active in protein synthesis, such 
as in the production of enzymes or hormones (e.g., 
carcinoid tumors) may also be high in signal intensity 
on Tl-weighted images because of the presence of a 
high concentration of protein (fig. 2.100). 

Capsule-based metastases frequently occur in the 
setting of tumors that metastasize by intraperitoneal 
spread (fig. 2.101). Ovarian cancer most commonly 
results in capsule-based metastases (fig. 2.102) followed 
by colon cancer. A prior study [152] reported that 81% 
(13/16) of patients with liver metastases from pancreatic 
ductal adenocarcinoma showed capsule-based metasta- 
ses, among them, 19% (3/1 6) exhibit only capsule-based 
metastases. A variety of other malignancies can also 
produce capsule-based metastases (fig. 2.103). 

Hemorrhagic metastases result in varying high- and 
low-signal-intensity lesions on T2- and Tl-weighted 
images. 



Distinction Between Liver Metastases and 
Benign Lesions. 

METASTASES VERSUS HEMANGIOMAS. On T2-weighted 

images small (<1.5cm) hypervascular liver metastases, 
particularly from islet cell tumors, leiomyosarcoma, 
gastrointestinal stromal tumors, pheochromocytoma 
and renal cell carcinoma, and small avascular metasta- 
ses, necrotic or cystic metastases from ovarian cancer, 
may mimic the appearance of hemangiomas [67, 132, 
144, 1591. 

Small (<1.5cm) hypervascular metastases often 
enhance in an intense homogeneous fashion on arterial 
dominant-phase images and tend to wash out below 
the signal intensity of the background parenchyma on 
interstitial-phase images [144]. Type I hemangiomas may 
enhance in similar fashion on arterial dominant-phase 
images; however, they tend to retain contrast or fade 
to isointensity with the background parenchyma on 
interstitial-phase images. Often at least one lesion 
greater than 2 cm in diameter is present that possesses 
the typical enhancement features of a metastasis or 
hemangioma, allowing inference of the nature of the 
smaller lesions. 



166 



Chapter 2 LIVER 







Fig. 2.87 Medium-sized liver metastases from colon cancer. Fat-suppressed T2-weighted ETSE (a), SGE (£>), and immediate 
postgadolinium SGE (c) images. An irregularly marginated mass is present in the right lobe that is moderately high in signal intensity 
on the T2-weighted image (a) and moderately low in signal intensity on the Tl-weighted image (b) and demonstrates intact ring 
enhancement on the immediate postgadolinium image (c) with an irregular inner margin to the ring. A faint region of ill-defined 
transient increased enhancement is present on the immediate postgadolinium image (c). 

Fat-suppressed T2-weighted SS-ETSE (d), SGE (e), and immediate (/") and 90-s (g) postgadolinium SGE images in a second patient. 
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Fig. 2.87 (Continued) A 2-cm liver metastasis is present in 
the right lobe of the liver that is moderately high in signal intensity 
on the T2-weighted image id) and moderately low in signal inten- 
sity on the Tl-weighted image (e) and demonstrates ring enhance- 
ment on the immediate postgadolinium image (/") with ill-defined 
perilesional enhancement. Ill-defined perilesional enhancement 
resolves at 90s after gadolinium (g). 

Immediate images (h, i) in a third patient demonstrate irregu- 
lar ring enhancement lesions consistent with metastases. Even 
metastases <lcm often exhibit ring enhancement (arrow, i). 

Immediate postgadolinium SGE images (/', k) in a fourth 
patient with colon cancer demonstrate multiple metastatic foci, 
several small rounded masses, and one large cauliflower-shaped 
lesion, all with ring enhancement. Note ill-defined perilesional 
enhancement (arrows, j, k) around the cauliflower-shaped metas- 
tasis, characteristic for colon cancer metastases. 
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Fig. 2.88 Large colon cancer liver metastases — cauliflower shape. SGE (a) and immediate (b) and 90-s (c) fat-suppressed 
postgadolinium SGE images demonstrate a colon cancer metastasis with a cauliflower shape. A small peripheral metastasis with 
intense wedge-shaped perilesional enhancement (arrow, b) is present. 

Coronal T2-weighted SS-ETSE (d) and transverse immediate (e) and 90-s fat-suppressed (/") postgadolinium SGE images in a 
second patient demonstrate a large, centrally located metastasis that has a cauliflower shape. Note that the central location of the 
metastases has resulted in bile duct obstruction (d). 
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Fig. 2.88 (Continued) Fat-suppressed T2-weighted SS-ETSE (g), SGE (h), and immediate (0 and 45-s (/') postgadolinium SGE 
images in a third patient demonstrate a large cauliflower-shaped metastasis that has ring enhancement with perilesional enhance- 
ment. Note that arcs of peripheral enhancement extend into the lesion. 

Fat-suppressed T2-weighted SS-ETSE (k), SGE (/), and immediate postgadolinium SGE (m) images in a fourth patient. This lesion 
possesses the typical imaging features of a colon cancer metastasis. The metastasis is heterogeneous and moderately hyperintense 
on the T2-weighted image (&) and mildly hypointense on the Tl -weighted image (/) and has ring enhancement with perilesional 
enhancement on the immediate postgadolinium SGE image (m). 
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Fig. 2.88 (Continued) Immediate postgadolinium SGE images (n-p) in three additional patients with large metastases that 
exhibit the characteristic cauliflower shape of colon cancer metastases. Ill-defined perilesional enhancement (arrows,^?) is observed 
in the last of these patients. 





Fig. 2.89 Small hypervascular colon cancer metastases. T2-weighted SS-ETSE (a), SGE (b), and immediate (c) and 90-s 
fat-suppressed id) postgadolinium SGE images. Multiple small lesions are seen scattered throughout the parenchyma that show 
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Fig. 2.89 (Continued) isointensity on T2-weighted (a) and Tl-weighted (£>) images and intense enhancement on early-phase 
images (c) that fade to background parenchyma on late-phase images id). 




Fig. 2.90 Breast cancer liver metastases — ring enhancement. T2-weighted SS-ETSE (a), SGE (£>), and immediate (c) and 
90-s fat-suppressed id) postgadolinium SGE images. There is a small lesion in the right lobe that is almost imperceptible on T2 (a) 
and Tl (b) images. The metastasis exhibits mild ring enhancement (arrow, c) on immediate postgadolinium images that renders it 
conspicuous. The metastasis fades on the interstitial-phase image (d). This lesion was not seen on spiral CT (not shown). Note also 
a ciliated hepatic foregut cyst between segments 4 and 2 anteriorly. 
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Fig. 2.91 Breast cancer liver metastases — infiltrative pattern. Fat-suppressed T2-weighted SS-ETSE (a), SGE (£>), and imme- 
diate postgadolinium SGE (c) images. There is a mass (arrow, b) in the left hepatic lobe that demonstrates slightly increased signal 
on T2-weighted (a), decreased signal on Tl-weighted (£>), and heterogeneous enhancement on immediate postgadolinium SGE (c) 
images, consistent with metastatic disease. The confluent involvement of a segment, as in this case, is characteristic of breast cancer 
but represents an uncommon pattern. 

T2-weighted SS-ETSE (d), SGE (e) and immediate postgadolinium SGE (/") images in a second patient. The liver shows normal 
signal intensity on both T2 (dy and Tl (e)-weighted images, but diffuse increased parenchymal enhancement in a heterogeneous 
fashion on early-phase images (/") reflects infiltrative metastatic disease. The liver signal intensity becomes more homogeneously 
enhanced on late-phase images (not shown). 
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Fig. 2.92 Breast cancer liver metastases — miliary pattern. Coronal T2-weighted SS-ETSE (a), coronal SGE (&), transverse 
fat-suppressed T2-weighted ETSE (c), SGE (d), and immediate postgadolinium SGE (e) images. There are numerous lesions scattered 
throughout the hepatic parenchyma that demonstrate moderate signal on T2 (a, c) and moderately low signal on Tl (b, d) and 
show mild ring enhancement on immediate postgadolinium (e) images, consistent with metastases. 

Fat-suppressed T2-weighted SS-ETSE (/"), SGE (g), and immediate (h) and 90-s fat-suppressed (0 postgadolinium SGE images in 
a second patient. Extensive liver metastases, <5 mm in size, are present throughout the liver with a miliary pattern of involvement. 
The lesions show high signal on T2-weighted images (/"), low signal on Tl-weighted images (g), and a mild ring enhancement 
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Fig. 2.92 (Continued) on immediate postgadolinium image (h) and fades on late image (/). Note that the metastases are best 
seen on T2-weighted images (/") and not definable on late phase (/). 

T2-weighted SS-ETSE (/'), SGE (k), and immediate (/) and 90-s fat-suppressed (m) postgadolinium SGE images in a third patient 
demonstrate similar findings. 
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Fig. 2.92 (Continued) Miliary involvement of the liver with 
metastases is an uncommon but characteristic appearance for 
breast cancer liver metastases. Note that coexistent bone metas- 
tases are common in vertebral bodies, and they appear as high- 
signal small foci on fat-suppressed T2 and exhibit uniform 
enhancement on interstitial-phase fat-suppressed SGE images. If 
the liver metastases in patients with miliary involvement respond 
to chemotherapy, the liver develops extensive fibrosis with an 
appearance that resembles cirrhosis. 





Fig. 2.93 Liver metastases, squamous cell type. Fat-suppressed T2-weighted ETSE (a), SGE (£>), and immediate (c) and 45-s 
id) postgadolinium SGE images. A well-defined 2-cm metastasis is present in the anterior segment of the right lobe that appears as 
a moderately high-signal intensity ring with central isointensity on the T2 (a) and mildly low in signal intensity on the Tl (£>) images, 
has a uniform ring enhancement on the immediate image (c), and fades over time with negligible central enhancement id). The 
enhancing ring on the immediate postgadolinium image (c) corresponds to the high-signal-intensity rim on the T2-weighted image 
(a). This is a typical appearance for liver metastases from squamous cell lung cancer. 
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Fig. 2.93 (Continued) SGE (e) and immediate (/") and 90-s fat-suppressed (g) postgadolinium SGE images in a second patient 
with squamous cell lung cancer. There are multiple rounded lesions scattered throughout the liver that demonstrate low signal on 
Tl -weighted images (e) and ring enhancement immediately after gadolinium administration (/"), consistent with metastases. 

Fat-suppressed T2-weighted SS-ETSE (h) and immediate (i) and 90-s (/') postgadolinium SGE images in a third patient, who has 
liver metastases from esophageal squamous cell cancer. The metastases are round, well-defined, and high in signal on the T2- 
weighted image (h), enhance with uniform rings on the early-phase image (i), and become isointense with liver on the late-phase 
image (/). 
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Fig. 2.94 Liver metastases, poorly-differentiated small 
cell type. Fat-suppressed T2-weighted ETSE (a), SGE (fr), and 
immediate postgadolinium SGE (c) images. The liver is extensively 
replaced by numerous metastatic lesions smaller than 2 cm. 
Lesions are high in signal intensity on the T2-weighted image (a) 
and mildly low in signal intensity on the Tl -weighted image (£>) 
and demonstrate ring enhancement on the immediate postgado- 
linium images (c). High signal intensity is also apparent in the bone 
marrow on the T2-weighted image (arrow, a), which represents 
bone metastases. Poorly-differentiated or anaplastic malignancies 
not uncommonly result in this pattern of liver metastases. This 
patient has small cell lung cancer. 



The distinction between liver metastases treated 
with systemic chemotherapy and rapid-enhancing type 
II or III hemangiomas is challenging. Chemotherapy- 
treated metastases demonstrate high signal intensity on 
T2-weighted images and peripheral irregular enhance- 
ment that may resemble globular enhancement [82]. 
Clinical history of liver metastases with recent initiation 
of chemotherapy is critical. Attention should be paid to 
unusual features such as partial washout pattern of 
enhancement and jagged rather than nodular inner 
margin of enhancement. 

We reported [79] the occurrence of benign liver 
lesions in a consecutive population of women with 
newly diagnosed breast cancer and suspected liver 
metastases who were referred to MRI. A total of 32% 
(11 of 34) patients had benign lesions; 62% (21 of 34) 
had malignant lesions, two of whom had coexistent 
benign lesions. Characterization of focal liver lesions as 
benign or malignant is important because patients with 
known primary malignancies commonly have small 
hepatic lesions that are benign cysts or hemangiomas. 
The whole organ coverage per acquisition of spoiled 
gradient echo permits optimal evaluation of the entire 



liver in distinct phases of enhancement with serial 
image acquisition after gadolinium administration. In 
the presence of multiple liver lesions, the distinction of 
benign and malignant lesions is of critical importance 
and is well performed by MRI (fig. 2.104). 

Lesion characterization is critical in assessing and 
staging patients with primary nonhepatic malignancies, 
as benign liver lesions are common, even in these 
patients. One previous report [160] described the detec- 
tion of small (<15mm) lesions in 254 of 1454 patients 
who underwent CT examination. The majority of 
patients (82%) with liver lesions in this study had a 
known primary tumor, yet lesions in 51% of these 
patients were benign. Another report [161] described a 
large series of cancer patients in whom 41.8% of 
detected focal liver lesions were benign. 

METASTASIS VERSUS FNH AND HCA. HypervaSCular 

metastases may demonstrate a homogeneous intense 
enhancement on arterial dominant-phase images similar 
to FNH and HCA. Small hypervascular metastases 
(<1.5cm) may also be isointense on noncontrast T2- and 
Tl -weighted images. Large hypervascular metastases 
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Fig. 2.95 Metastases from lung cancer. Coronal T2-weighted SS-ETSE (a, b) and transverse immediate postgadolinium 
magnetization-prepared gradient-echo (c) images. Multiple lesions are scattered throughout the liver, which appear high signal on 
T2-weighted images (b) and show ring enhancement on immediate postgadolinium images (c). Note the right hilar mass associated 
with an alveolar infiltrate due to postobstructive pneumonia (a). 

Coronal T2-weighted SS-ETSE (d), coronal SGE (e), SGE (/"), and immediate postgadolinium (g) images in a second patient. A 
small lesion is seen in the right hepatic lobe (arrow, e, f) and demonstrates low signal on Tl -weighted image (e, f) and thin ring 
enhancement immediately after contrast administration (g), consistent with a metastasis. Note the right infrahilar mass in the lung 
(curved arrow, e). 
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Fig. 2.95 (Continued) Coronal T2-weighted SS-ETSE (h) and coronal immediate postgadolinium magnetization prepared gradi- 
ent-echo (i) images in a third patient. There are numerous metastases scattered throughout the liver, which exhibit high signal on 
T2-weighted image (h) and ring enhancement after gadolinium administration (i), consistent with metastases from non-small cell 
carcinoma. 

Coronal T2-weighted SS-ETSE (/') and immediate (k) and 90-s fat-suppressed (/) postgadolinium SGE images in a fourth patient 
that show similar findings. 
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Fig. 2.96 Hypervascular liver metastases from islet cell tumors. Transverse 512-resolution ETSE (a) and immediate post- 
gadolinium SGE (b) images in a patient with gastrinoma. Numerous metastases smaller than 1 cm are scattered throughout all seg- 
ments, many of which are well defined and high in signal intensity on the T2-weighted image (a). The immediate postgadolinium 
image (b) demonstrates that the metastases have intact ring enhancement. 

Fat-suppressed T2-weighted ETSE (c) and immediate postgadolinium SGE id) images in a second patient who has an untyped 
islet cell tumor. The metastases are well-defined round masses that are high in signal intensity on the T2-weighted image (c) and 
have calculated T2 values of 160 ms. On the immediate postgadolinium image id), the lesions possess intact rings of enhancement 
that are a feature of metastases and not of hemangiomas. Prior outside MRI performed with conventional spin-echo techniques and 
original outside interpretation of percutaneous biopsy specimen suggested the diagnosis of hemangiomas. On the gadolinium- 
enhanced images, hypervascular cystic liver metastases and a 2-cm islet cell tumor in the head of the pancreas were shown. The 
histology specimen was re-examined, and the diagnosis of islet cell tumor was confirmed. 



(>1.5cm) often possess a radial spoke-wheel appear- 
ance with thin radial strands of lesser enhancement on 
arterial-phase images. Also, FNH and HCA, independent 
of lesion size, almost invariably show isointensity or 
mild hyperintensity on T2-weighted images and isoin- 
tensity or mild hypointensity on Tl -weighted images. 
Larger hypervascular metastases are generally moder- 
ately high in signal on T2 -weighted images. On inter- 
stitial-phase images, FNH and HCA show enhancement 
that fades to isointensity with surrounding parenchyma. 
Hypervascular metastases commonly show lesion 
washout, although small lesions may fade on late post- 



contrast images [69, 72, 81, 113, 121, 132, 162]. Clinical 
history of a primary hypervascular tumor is usually 
present, facilitating the correct diagnosis. 

Secondary Infection of Liver Metastases. 

Secondary infection of metastases may occur and is 
most commonly observed with colon cancer metastases. 
It is postulated that the high content of intraluminal 
bacteria within the colon may be conducive to embo- 
lization of coliform bacteria with tumor cells. 
Experimental data suggests that certain anaerobic bac- 
teria grow selectively in tumor nodules but not in the 
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Fig. 2.97 Melanoma metastases. Fat-suppressed T2-weighted ETSE (a), SGE (£>), and immediate postgadolinium SGE (c) 
images. Melanoma metastases are a mixed population of low- to high-signal intensity lesions on T2 (a)- and Tl (&)-weighted images. 
This reflects the paramagnetic properties of melanin. Intense ring enhancement is present on the immediate postgadolinium SGE 
image (c), demonstrating the hypervascularity of these metastases. 

Fat-suppressed T2-weighted SS-ETSE (d), SGE (e), and immediate (/") and 90-s fat-suppressed (g) postgadolinium SGE images in 
a second patient. There are multiple lesions scattered throughout hepatic parenchyma that show heterogeneous high signal on the 
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Fig. 2.97 (Continued) T2-weighted id) and the Tl -weighted (e) images and intense heterogeneous enhancement on the early- 
phase image (/") that becomes more homogeneous on the late-phase image (g). The high signal intensity on both the T2- and Tl- 
weighted images reflects the presence of melanin. 

Fat-suppressed T2-weighted SS-ETSE (h), SGE (/), out-of-phase SGE (/'), and immediate (k) and 90-s fat-suppressed (/) SGE images 
in a third patient show similar features. 
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Fig. 2.98 Hypervascular liver metastases from carcinoid tumor. SGE (a), out-of-phase SGE (b), and immediate postgado- 
linium SGE (c) images. There is a rounded lesion in the right hepatic lobe that demonstrates low signal intensity on Tl-weighted 
image (a), the lesion and liver become comparable in signal on out-of-phase image (b) due to signal loss in background fatty liver — 
note the rim of greater fat content. The lesion shows intense and homogeneous enhancement after gadolinium administration (c), 
consistent with a hypervascular metastasis. Carcinoid tumor was present at histopathology. 

Echo train-STIR (d), SGE (e), and immediate (/") and 90-s fat-suppressed (g) postgadolinium SGE images in a second patient. 
Numerous metastases are scattered throughout the hepatic parenchyma that demonstrate near-isointense signal on T2 id)- and Tl 
0)-weighted images and intense enhancement on immediate postgadolinium images (/") that wash out on later images (g), consistent 
with hypervascular metastases. The difference in lesion conspicuity between immediate postgadolinium images and other sequences, 
including noncontrast T2- and Tl-weighted images and late postgadolinium images, is particularly impressive in the setting of 
hypervascular malignant disease. 
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Fig. 2.98 (Continued) Fat-suppressed T2-weighted SS-ETSE 
(b), SGE (i), and immediate (/) and 90-s fat-suppressed (&) post- 
gadolinium SGE images in a third patient. There is a metastasis 
that shows high signal intensity on T2-weighted images (h), low 
signal intensity on Tl -weighted images (arrow, i), and a moderate 
enhancement on early-phase images (/') that washes out with 
persistent ring enhancement on late-phase images (k). 






Fig. 2.99 High Tl signal mucin-producing liver metastases, ovarian cancer. SGE (a) and 90s postgadolinium SGE (b) 
images. A large capsule-based metastasis is present along the lateral margin of the liver (black arrows, a), and a smaller subcapsular 
metastasis is present in the spleen (white arrow, a). The metastases are high in signal intensity on Tl -weighted image, reflecting 
high mucin content. Enhancement of cyst walls is present on postgadolinium images (£>). The spleen is nearly signal void on these 
Tl -weighted images because of transfusional hemosiderosis. 

T2-weighted ETSE (c) and SGE id) images in a second patient demonstrate a cystic ovarian metastasis located superficially in 
the right lobe of the liver. On the T2-weighted image (c), low-signal-intensity material layers in the dependent portion of the metas- 
tasis. The high mucin content of the cystic metastasis renders it high in signal intensity on the Tl -weighted image id). 





Fig. 2.100 Carcinoid liver metastases. Fat-suppressed T2-weighted ETSE (a) and SGE (b) images. Metastases are heteroge- 
neous with mixed high-signal intensity on T2 (a) and Tl (b) images. The high signal intensity on the Tl -weighted image (b) reflects 
a high protein concentration due to protein synthesis from hormone production. The high signal on Tl -weighted image (b) is an 
uncommon appearance for carcinoid metastases. 
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Fig. 2.100 {Continued) Fat-suppressed T2-weighted SS-ETSE 
(c), SGE (d), out-of-phase SGE (e), and immediate (f) and 90-s fat- 
suppressed (g) SGE images in a second patient. Multiple rounded 
lesions are scattered throughout the hepatic parenchyma that are 
low signal on T2-weighted images (c) and high signal intensity on 
Tl -weighted images id), and show no loss in signal intensity on 
out-of-phase images (e) and ring enhancement on early-phase 
images (/"), with persistent appearance on late-phase images (g). 
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Fig. 2.101 Liver and peritoneal metastases from ovarian tumor. Echo-train STIR (a) and immediate (£>) and 90-s fat- 
suppressed (c) postgadolinium SGE images in one patient and echo-train STIR id) and 90-s fat-suppressed postgadolinium SGE (e, 
f) images in a second patient, both of whom have ovarian cancer and peritoneal metastases. Both patients demonstrate liver metas- 
tases characterized by high signal on T2-weighted images (a, d) and ring enhancement on early (b) and late (c, e) postgadolinium 
images. Note the presence of recurrent pelvic tumor (arrows, f) in the second patient. 
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Fig. 2.102 Ovarian subcapsular metastases. Echo-train STIR (a), SGE (£>), and immediate (c) and 90-s fat-suppressed id) 
postgadolinium SGE images. There is a cluster of small lesions in a subcapsular location along the dome of the liver, which dem- 
onstrate high signal on T2 (a), low signal on Tl (b), and faint ring enhancement on early (c) and late (d) postgadolinium images 
consistent with capsule-based metastatic implants. This is the most common pattern of involvement of the liver with ovarian cancer 
and represents part of the generalized process of intraperitoneal seeding and spread. 



normal tissues of a tumor-bearing host [163]. Secondary 
infection of liver metastases after chemoembolization of 
these lesions has been reported [164]. Infected metasta- 
ses may simulate both the clinical and imaging features 
of liver abscesses. 

On MRI, infected metastases tend to have thick- 
ened, irregular walls and heterogeneous intermediate 
signal intensity on T2-weighted images and show some 
progressive central stromal enhancement on delayed 
images (fig. 2.105). Abscesses tend to have thinner walls 
and higher signal intensity on T2 -weighted images and 
do not demonstrate progressive central lesion stromal 
enhancement over time, even in abscesses with thick 
walls and internal septations. Both types of lesions will 
show transient, ill-defined perilesional enhancement 
reflecting an inflammatory hyperemic response in the 
liver. 



Hepatocellular Carcinoma 

Hepatocellular carcinoma (HCC) is the most common 
primary malignancy of the liver and usually develops 
in patients with cirrhosis [165]. It should be recognized 
that HCC does occur in the noncirrhotic liver as well. 
HCC is the fifth most common cancer in the world and 
accounts for up to 1 million deaths annually worldwide 
[166]. Incidence of HCC is particularly high in patients 
with cirrhosis from chronic hepatitis C infection, chronic 
hepatitis B infection, and alcoholic liver disease [165L 
Men are affected three times more frequently than 
women [167]. The 5-year survival rate for untreated 
symptomatic HCC is <5% [167]. This statistic is in sharp 
contrast to the survival rate in patients with cirrhosis 
with small (<2cm) HCC who have undergone liver 
transplantation, where the 5-year survival is 80% [165]. 
Thus detection of small HCC is imperative for improved 



DISEASE OF THE HEPATIC PARENCHYMA 



189 






Fig. 2.103 Capsule-based liver metastases. Coronal T2- 
weighted SS-ETSE (a), transverse SGE (£>), and immediate postgado- 
linium SGE (c) images. A large capsule-based metastasis is present 
along the lateral margin of the liver with a solid tumor component 
(arrows, a, b) from synovial sarcoma. Hemorrhage is heterogeneous 
on the T2-weighted image (a). On the noncontrast Tl-weighted 
image (£>), a peripheral rim of high signal intensity is present from 
recent hemorrhage. On the immediate postgadolinium image (c), the 
solid tumor component enhances uniformly. 

Fat-suppressed T2-weighted SS-ETSE (d) and SGE (e) images in a 
second patient with capsule-based metastases from colon cancer. 
Capsule-based metastases are very conspicuous on the fat-suppressed 
T2-weighted image (arrows, d) because of the intrinsic high signal 
intensity of the masses and removal of the competing signal of fat. 
They are subtle on the Tl-weighted image (e). 



outcomes. In North America, most HCCs are large at 
the time of diagnosis, although with increasing surveil- 
lance of patients with liver cirrhosis and/or chronic 
hepatitis, detection of earlier stage neoplasms appears 
to be occurring more often [168]. 

Hepatocarcinogenesis is attributed to genetic pre- 
disposition and epigenetic changes that accumulate 



over time [169] . Liver cancer is considered a linear 
process beginning with the development of benign, 
hyperplastic foci of hepatocytes, or regenerative nodules 
(RNs), then evolving through premalignant stages of 
dysplastic nodules (DNs), and finally culminating in 
malignant HCC [169]. Continuous inflammation and 
hepatocyte regeneration provide the optimal setting for 
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Fig. 2.104 Liver metastasis with coexistent cysts — spiral 
CTAP and MRI comparison. Spiral CTAP (a), SGE (&), fat- 
suppressed T2-weighted ETSE (c), and immediate id) and 5-min 
(e) postgadolinium SGE images. The CTAP image (a) demonstrates 
a large perfusional defect in the medial segment related to a colon 
cancer metastasis. A 6-mm lesion in the anterior segment (arrow, 
a) was interpreted as one of several similar-appearing small lesions 
consistent with metastases scattered throughout the remainder of 
the liver. The MR images demonstrate a 4-cm mass in the medial 
segment with the imaging features of a colon cancer metastasis, 
including transient ill-defined perilesional enhancement on the 
immediate postgadolinium image (d). The lesion in the anterior 
segment represents two 3-mm juxtaposed cysts (arrows, c) that 
are small, sharply marginated, low in signal intensity on the Tl- 
weighted image (£>), and high in signal intensity on the T2-weighted 
image (c). Lack of enhancement on early id) and later (e) postg- 
adolinium-enhanced images is diagnostic for cysts. The remaining 
small liver lesions scattered throughout the liver were all shown 
to be cysts on MR images. The patient was operated on based on 
the MRI findings of a solitary liver metastases and multiple coex- 
istent cysts. Intraoperative sonography-guided aspiration demon- 
strated that these small lesions were cysts. MRI was more 
diagnostically accurate than CTAP and had a greater effect on 
patient management. 
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Fig. 2.105 Infected liver metastases. Fat-suppressed T2-weighted SE (a), SGE (£>), and immediate (c) and 10-min id) post- 
gadolinium SGE images. This patient with colon cancer and clinical findings of sepsis has a 4-cm infected metastasis in the right 
lobe of the liver. The tumor has ill-defined margins and is minimally hyperintense on T2 (a) with a small central focus of high signal 
intensity and moderately low in signal intensity on Tl (£>), and on the immediate postgadolinium image (c) the infected metastasis 
shows ring enhancement with prominent ill-defined perilesional enhancement. The 10-min postcontrast image id) shows some 
centripetal enhancement with peripheral washout resulting in a low-signal-intensity outer border. Chronic obstruction of the left 
renal collecting system is caused by entrapment of the ureter in the pelvis by the carcinoma arising in the sigmoid colon. 

Fat-suppressed T2-weighted ETSE (e) and immediate (/") and 2-min (g) postgadolinium SGE images in a second patient. A 14-cm 
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Fig. 2.105 (Continued) metastasis superinfected by Listeria 
is present in the left lobe of the liver. The infected metastasis is 
heterogeneous and high in signal intensity on T2-weighted image 
(e) and demonstrates enhancement of the thick irregular wall on 
the immediate postgadolinium image (/"), with progressive 
enhancement on the interstitial-phase image (g). Additional metas- 
tases <lcm are evident only on the immediate postgadolinium 
images (arrow,/). The mass causes obstruction of the biliary tree 
at the level of the porta hepatis, resulting in substantial intrahe- 
patic biliary dilatation (arrows, g). 




critical molecular alterations to become established in 
the genome [170]. Therefore, HCC is much more 
common in individuals with chronic liver disease, such 
as chronic viral hepatitis and cirrhosis, than it is in the 
population at large [169]. 

Statistics from the National Liver Cancer Network 
reveal that 87% of patients with HCC have underlying 
chronic liver disease and 52% have hepatitis C virus 
[171]. In part because of the increasing incidence of 
hepatitis C infection, HCC is the fastest growing malig- 
nancy in the U.S. [171]. Although cirrhosis of any etiol- 
ogy increases the risk of developing HCC, cirrhosis from 
viral hepatitis, alcohol, or hereditary hemochromatosis 
carries significantly more increased risk [170, 172, 173]. 

From a pathologic perspective, HCC forms soft, 
hemorrhagic, occasionally bile-stained nodules and 
masses with a propensity for necrosis [2]. On gross 
inspection, HCC may present as a single mass, as mul- 
tiple nodules, as diffuse liver involvement, or as a large 
mass replacing most of the liver. In our experience, on 
MRI HCC is solitary in approximately 50% of cases (fig. 
2.106), multifocal in approximately 40% (figs. 2.107 and 
2.108), and diffuse in less than 10% of cases. 

Histologically, malignant cells usually form trabecu- 
le or plates of varying thickness, separated by a rich 
network of sinusoidal spaces filled with arterial blood. 
HCCs are fed by the hepatic arterial blood supply, but 
both hepatic and portal veins proliferate alongside 
tumors and cavernous structures develop in collaterals. 
As a consequence of these intrahepatic vascular changes, 
intra- and extrahepatic spread may occur by a number 
of routes including hepatic veins, inferior vena cava, 
and portal system (figs. 2.109-2.112). 

Detection and characterization of focal liver lesions 
by imaging examination are closely related to the tumor 
size. Several reports describe the sensitivity and specific- 
ity of CT and MRI in the depiction of HCCs. The results 
vary widely, presumably because of the high frequency 



of bias in these studies, including the bias of greater 
experience with one or other modality. In general, there 
is a consensus that MRI is superior to CT in the detection 
of HCC, especially tumors that are <2.0cm. (figs. 2.113 
and 2.114) [174-179]. The superiority of MR imaging to 
detect and characterize liver lesions is due to its inherent 
excellent contrast resolution, combination of multiplanar 
T2- and Tl -weighted images, and serial dynamic imaging 
after gadolinium administration. All sequences are nec- 
essary because tumors vary in signal intensity on non- 
contrast images [143, 180, 181], and this combination of 
sequences increases observer confidence. 

A retrospective analysis examined the rate of HCC 
undetected by MRI in a large medical center transplant 
service over a 1-year period [182]. After review of 
imaging studies and pathologic diagnoses in explanted 
livers, there were 4 cases out of 279 MRI examinations 
in which HCC was not detected by MRI. Explanations 
for the presence of HCC undetected by MRI included 
patient motion, the misclassification of HCC as high- 
grade dysplastic nodules, and isovascular HCC. These 
results show the outstanding performance of MRI in 
detecting HCC. 

Small HCCs (<2cm) are frequently isointense on 
T2-weighted images [183-187]. Isointensity on T2- 
weighted images may correlate with a more favorable 
histology for well-differentiated HCC (fig. 2.115) [188]. 
Signal intensity on Tl -weighted image varies from mod- 
erately low to moderately high signal. High signal inten- 
sity on Tl -weighted images may reflect the presence of 
fat or protein (figs. 2.116 and 2.117) [185, 188, 189]. The 
majority of HCCs do not contain fat, and high protein 
content is most commonly responsible for the high 
signal intensity of these lesions (fig. 2.118) [189]. The 
most sensitive sequence for detecting small HCCs is 
hepatic arterial dominant-phase images, in which the 
majority of small tumors will enhance moderately; and 
not uncommonly these tumors may only be apparent 
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Fig. 2.106 Hepatocellular carcinoma, solitary hypovascular tumor. SGE (a) and immediate (b) and 90s fat-suppressed 
(c) postgadolinium SGE images. There is an 8-cm mass arising from the inferior aspect of the right lobe that is low signal on the 
Tl -weighted image (a) and demonstrates minimal heterogeneous enhancement immediately after gadolinium administration (£>) 
and late mild and heterogeneous enhancement with a pseudocapsule (c) consistent with hypovascular HCC. 

Fat-suppressed T2-weighted SS-ETSE (d), SGE (e), and immediate (/") and 90-s fat-suppressed (g) SGE images in a second patient 
with a small HCC that shows minimal tumor enhancement after contrast administration (/"), consistent with hypovascular HCC. 
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Fig. 2.106 (Continued) 






ib) 



(c) 




Fig. 2.107 Multifocal small HCC. Echo-train STIR (a), SGE (£>), and immediate (c) and 90-s fat-suppressed id) postgadolinium 
SGE images. There are multiple small HCCs (arrows, c) scattered throughout the hepatic parenchyma. These lesions are isointense 
on T2 (a)- and Tl (£>)-weighted images and show homogeneous moderate enhancement after contrast administration (c) and lesion 
washout with pseudocapsule enhancement on late images id). 
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Fig. 2.108 Multifocal HCC. Echo-train STIR (a), SGE (&), and immediate (c) and 90-s fat-suppressed (d) postgadolinium SGE 
images. Multiple HCCs are present that are moderately hypointense on T2 (a)- and mildly hyperintense on Tl (b)-weighted images. 
The smaller lesions possess mildly intense homogeneous enhancement, and the 4-cm tumor (arrow, c) shows isointense enhance- 
ment immediately after gadolinium administration (c). Lesional washout along with pseudocapsule enhancement is observed on 
interstitial-phase images id). 

SGE (e) and immediate (/") and 90-s fat-suppressed (g) postgadolinium SGE images in a second patient. There are multiple 
rounded lesions that show mildly high signal intensity on Tl-weighted images (e), intense enhancement on early-phase images 
(/"),and washout with capsular enhancement on late-phase images (g), compatible with mutifocal HCC. 
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Fig. 2.108 (Continued) Coronal (h) and transverse (i) fat- 
suppressed T2-weighted SS-ETSE, SGE (/'), and immediate (k) and 
90-s fat-suppressed (/) postgadolinium SGE images in a third 
patient. There is a mass in the porta hepatis that demonstrates 
mildly high signal intensity on the T2-weighted image (h, i), mildly 
low signal intensity on the Tl-weighted image (/'), and partial 
enhancement on the early-phase image (k) that progresses over 
time. On the late-phase image (/) the mass demonstrates washout 
with capsule enhancement, which is compatible with HCC. 
Additional multiple small lesions are scattered throughout the 
hepatic parenchyma, consistent with multifocal HCCs. 
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Fig. 2.108 (Continued) T2-weighted SS-ETSE (m), SGE (n), 
and immediate (o) and 90-s fat-suppressed (p) postgadolinium SGE 
images in a fourth patient show similar findings. 
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Fig. 2.109 HCC and microvarices in peritoneum. SGE (a) and immediate (b) and 90-s fat-suppressed (c, d) postgadolinium 
images. There is a 2-cm tumor centrally located in the right hepatic lobe that is not seen on the precontrast image (a) and demon- 
strates homogeneous moderate enhancement on the immediate postcontrast image (£>) with washout and capsular enhancement 
on the late image (c), consistent with a small HCC. Note extensive varices throughout the peritoneal cavity (arrows, d). Varices 
typically show extension of small curvilinear structures deep to the peritoneum, as observed in this patient. Peritoneal metastases 
stay confined to the peritoneal surface and within the peritoneal cavity. A small well-defined central HCC, as in this patient, would 
also not be expected to have peritoneal metastases. Note the micronodular contour of the liver and the large volume of ascites. 



on this set of images[183, 190, 191]. Intense enhance- 
ment revealed on early-phase images is not specific to 
HCC as high-grade DNs may also show similar findings. 
Rarely, small HCCs may be hypovascular, shown by 
minimal extent of enhancement on arterial dominant- 
phase images (fig. 2.119) [181, 183]. Isovascular HCCs 
on arterial-phase images have been reported, and atten- 
tion should be paid to interstitial-phase images that may 
show washout of the tumors with capsule enhancement 
[182, 192]. At present it is not known how often washout 
and late capsule enhancement are observed in small 
hypo- or isovascular HCCs. 

The distinction between small hypovascular HCC 
with washout and late capsule enhancement on inter- 
stitial-phase images must be made from regenerative 
liver surrounded by fibrosis. Late enhancement of fibro- 



sis generally appears as reticular stromal with more 
angular margins and is also part of an extensive pattern 
in the liver of similar findings, whereas the capsule of 
HCCs is more rounded, and the appearance is distinctly 
different from surrounding bands of fibrous tissue (if 
fibrosis is present); for example, the capsule may be 
thicker or enhance more intensely. 

Large HCC (>2-cm) may range from hypo- to hyper- 
intensity on T2- and Tl -weighted images. The most 
frequent appearance is mildly high signal intensity on 
T2-weighted images and minimally low signal intensity 
on Tl-weighted images [180, 181, 184-186, 193-196]. 
The hyperintensity on T2-weighted images and hypo- 
intensity on Tl-weighted images are highly suggestive 
of moderately differentiated HCC [188]. The primary 
hepatic origin of HCC presumably results in a blood 
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Fig. 2.110 HCC and adrenal metastases. Fat-suppressed T2-weighted ETSE (a), SGE (&), out-of-phase SGE (c), and immediate 
(d), 45-s (e), and 90-s fat-suppressed postgadolinium SGE (/") images. There are multiple lesions throughout the liver, which are 
high signal on T2 (a) and low signal on Tl (b) and demonstrate a mixed population of lesions that enhance in a diffuse heteroge- 
neous or peripheral ring fashion on immediate postgadolinium images (d), consistent with multifocal HCC. Ring enhancement in 
many of these lesions presumably represents intrahepatic metastases. Bilateral adrenal masses (arrows, c) are present that demon- 
strate mixed signal intensity on Tl (b), do not drop in signal on out-of-phase (c), and enhance heterogeneously after contrast 
administration (d-f) consistent with metastases. Abnormal signal in the IVC (arrow,/) represents thrombus. 
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Fig. 2.111 HCC with peritoneal spread. Fat-suppressed T2-weighted SS-ETSE (a), SGE (b), and immediate (c) and 90-s fat- 
suppressed postgadolinium SGE (d) images. The liver is small and irregular in contour, compatible with cirrhosis. There is a small 
exophytic HCC in the right hepatic lobe that demonstrates isointensity on T2 (a), slight hyperintensity on Tl (£>), intense enhance- 
ment immediately after contrast administration (c), and washout with capsular enhancement on the late image (d), consistent with 
HCC. Note the peritoneum-based mass (arrow, d) in the left upper abdomen, near the spleen, consistent with a peritoneal metastasis 
from HCC. 

Immediate (e,f) and 90-s fat-suppressed postgadolinium SGE (g) images in a second patient. The liver is nodular in contour and 
demonstrates a reticular pattern of enhancement compatible with cirrhosis. There is a large HCC in the dome of the liver that 
bulges the liver contour and shows intense heterogeneous enhancement immediately after gadolinium (e, f). Other smaller HCCs 
are also identified. Note that the main portal vein is expanded with tumor thrombus (arrows,/). Peritoneal thickening and enhance- 
ment is observed within the paracolic gutters (arrows, g), consistent with peritoneal metastases. 
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Fig. 2.111 (Continued) Immediate (h) and 90-s fat-suppressed postgadolinium SGE (/) images in a third patient. There is het- 
erogeneous mottled enhancement of the hepatic parenchyma after the administration of gadolinium, consistent with diffuse HCC. 
Note the infiltrative peritoneal thickening and enhancement compatible with small tumoral implants (arrow, i). 

Transverse 90-s fat-suppressed postgadolinium SGE image (/') in a fourth patient. This patient with HCC has thickening of 
the peritoneum in the right paracolic gutter (small arrow, f) and multiple, enlarged aortocaval and retroaortic lymph nodes (long 
arrows, J). 

90-s fat-suppressed postgadolinium SGE images (k, I) in a fifth patient show nodular peritoneal metastases from HCC. 
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Fig. 2.112 HCC with pleural metastases. Coronal T2- 
weighted SS-ETSE image shows tumor extension through the 
diaphragm resulting in pleural metastases. 



supply similar to and in continuity with background 
liver, explaining the diffuse heterogeneous enhance- 
ment on arterial dominant-phase images [143, 197, 198]. 
In the interstitial phase, large HCCs tend to demonstrate 
washout below the signal intensity of background 
parenchyma, and capsule enhancement, which may 
only be apparent around some portions of the tumor 
(fig. 2.120) [1831. 

It is postulated that small well-differentiated HCCs 
are vascularized by a mixture of arterial and portal 
blood supply, with predominance of arterial supply, 
while moderate and poorly differentiated HCCs are sup- 
plied only by hepatic arteries [199-201]. In a previous 
study [202], the authors demonstrated a correlation 
between the presence of vascular endothelial growth 
factor (VEGF) in hepatic nodules and high signal inten- 
sity on T2- and Tl -weighted images, but a similar rela- 
tionship was not shown with the degree of enhancement 
on arterial dominant-phase and interstitial-phase images. 
The authors postulated that VEGF is present in highest 
concentration early in the process of transformation of 
large regenerative or dysplastic hepatic nodules into 
well-differentiated HCCs in order to stimulate vessel 
growth. VEGF may then be downregulated at the last 
stages of development into hypervascular HCC (fig. 
2.121-2.123). 

Important ancillary features of HCC include late 
capsule enhancement and venous thrombosis [203]. In 
histopathologic analysis, 60-87% of large HCC have a 
fibrosis tumor capsule [204]. The typical signal intensity 
of a capsule is mild hyperintensity on T2-weighted 
images, hypointensity on Tl -weighted images, and neg- 
ligible mild enhancement on immediate postgadolinium 
images that becomes more intense on interstitial phase 
images (fig. 2.124). 



Tumor extension occurs most commonly into portal 
veins (figs. 2.125 and 2.126); however, hepatic venous 
extension also occurs (fig. 2.127). Although tumor 
thrombus is observed in fewer than 50% of cases, it is 
common in the setting of large and advanced tumors. 
The appearance on hepatic arterial dominant-phase 
gadolinium-enhanced images often permits distinction 
between HCC and metastatic disease when tumors are 
> 1.5 cm in diameter, because HCCs typically demon- 
strate enhancing stroma throughout the entire tumor, 
whereas metastases have ring enhancement [143]. 
However, there is an overlap of MR features between 
small HCCs (<1.5cm) and hypervascular metastases. 
Both entities commonly show homogeneous moderate 
or intense enhancement on arterial dominant phase and 
lesional washout on late phase. The presence of capsule 
enhancement on late phase and the presence of under- 
lying chronic hepatic disease or cirrhosis are supportive 
features of HCC. Ring enhancement observed on hepatic 
arterial dominant-phase images in HCCs, especially in 
patients with underlying hepatitis C, may represent an 
aggressive appearance of the neoplasm. Explosive 
growth has been observed in some of these tumors. 
The ring enhancement is a pattern of enhancement 
most typical for metastases, and its presence in HCCs 
may reflect a more aggressive blood supply, with 
recruitment of additional surrounding vessels to the 
tumor (fig. 2.128). 

In the setting of viral hepatitis, the hepatic architec- 
ture tends to be less distorted than in patients with 
cirrhosis. As livers may not appear cirrhotic, a high 
index of suspicion for HCC is recommended in patients 
with focal liver masses and underlying viral hepatitis. 

Higher doses of gadolinium or higher flow rates 
may improve visualization of HCCs that may possess 
minimal increased vascularity [5]. Newer contrast agents 
with higher Tl relaxivity may aid in lesion detection of 
hypovascular, isovascular, or minimally hypervascular 
tumors. Also, new techniques such as parallel imaging 
may improve detection of HCCs in debilitated patients 
unable to suspend breathing for 20 s with conventional 
spoiled gradient echo sequences [205, 206]. 

Overlap exists between the appearance of high- 
grade dysplastic nodules and HCC, as HCC may also 
exhibit the classic appearance described for high-grade 
dysplastic nodules; which is near isointense on T2- 
weighted and noncontrast Tl -weighted images and 
moderately intense enhancement on early postgado- 
linium images that fades to isointensity on late post- 
gadolinium images. The great majority of these lesions 
can be correctly classified using the following ancillary 
features: 1) in the presence of a coexistent large HCC, 
the small lesions are more likely satellite HCCs; 2) inter- 
val growth of lesion by greater than 30% in transverse 
dimension in a 3-month interval is consistent with HCC; 
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Fig. 2.113 Multifocal HCC with adenopathy— spiral CT 
imaging and MRI comparison. Spiral CT (a), SGE (£>), fat-sup- 
pressed T2-weighted ETSE (c), and immediate id) and 45-s (e) 
postgadolinium SGE images. On the CT image (a), an HCC is identi- 
fied in the right lobe with multiple nodes in the porta hepatis and 
retroperitoneum. Precontrast SGE image (b) demonstrates the 
HCC as a moderately low-signal-intensity mass in the right lobe and 
the lymph nodes as moderately low in signal intensity. The T2- 
weighted image (c) demonstrates the tumor and lymph nodes as 
moderately high in signal intensity. On the immediate image (d), 
the HCC in the right lobe demonstrates intense diffuse heteroge- 
neous enhancement. Multiple additional HCCs smaller than 1 cm 
are also apparent (arrow, d) that were not visible on spiral CT 
images (a) or on noncontrast Tl (by and T2 (c)-weighted images. 
The small HCCs wash out to isointensity with the liver by 45 s (e), 
at a time when renal CMD is still pronounced. Intense enhance- 
ment of the associated adenopathy is also present on the immedi- 
ate postgadolinium image (d). 



204 



Chapter 2 LIVER 






Fig. 2.114 Multifocal HCC-spiral and multidetector CT and MR comparison. Spiral CT (a), fat-suppressed T2-weighted 
ETSE (£>), and immediate postgadolinium SGE (c) images. The spiral CT image demonstrates a solitary HCC in a patient with 8 HCCs 
shown on MRI tumors. No tumors are evident on CT at this tomographic level (a). The T2-weighted image (b) demonstrates two 
1.8-cm HCCs at this level that have high-signal-intensity peripheral rims and are isointense centrally (arrows, b). On immediate 
postgadolinium image (c), these tumors enhance in a predominantly ring fashion (arrows, c). 

Multidetector CT (d, f) and immediate postgadolinium SGE (e, g) images in a second patient at two tomographic levels. Note 
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Fig. 2.114 (Continued) that the HCCs are more evident on 
early-phase postgadolinium MR images (arrow, e, g) than on the 
multidetector CT images. 





Fig. 2.115 Large well-differentiated HCC. Fat-suppressed T2-weighted SS-ETSE (a), SGE (&), immediate (c) and 90-s fat- 
suppressed id) postgadolinium SGE images. There is a large well-defined mass in the right hepatic lobe that demonstrates slightly 
increased and heterogeneous signal intensity on T2 (a), moderately decreased signal intensity on Tl (b), heterogeneous enhance- 
ment on immediate postgadolinium images (c), and heterogeneous washout with late enhancement of a pseudocapsule id). 
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Fig. 2.115 (Continued) Echo-train STIR (e), SGE (/"), and immediate (g) and 90-s fat-suppressed (h) postgadolinium SGE images 
in a second patient. There is a large mass in the right hepatic lobe that is moderately and heterogeneously hyperintense on T2- 
weighted image (e) and mildly hypointense on Tl -weighted image (/") and demonstrates heterogeneous enhancement on immediate 
postgadolinium images (g) and washout with pseudocapsular enhancement on late image (h). Note a small satellite lesion (arrow, 
e) that exhibits high signal on T2 (e), low signal on Tl (/"), homogeneous intense enhancement on hepatic arterial dominant phase 
(g), and washout with pseudocapsule enhancement on late image (h). Both lesions are consistent with HCC. 

SGE (i) and immediate (/') and 90-s fat-suppressed (k) postgadolinium SGE images in a third patient. There is a large HCC that 
demonstrates heterogeneous mainly hypo- to isointense signal on Tl (/), heterogeneous enhancement immediately after contrast 
administration (/'), and washout with an enhanced pseudocapsule on late images (&), consistent with HCC. 
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Fig. 2.115 (Continued) Coronal T2-weighted SS-ETSE (/), coronal SGE (ni), and immediate (n) and 90-s fat-suppressed (o) 
postgadolinium SGE images in a fourth patient. A large mass is present that demonstrates heterogeneous moderately high signal 
intensity on T2 (/), moderate low signal intensity on Tl (m), heterogeneous enhancement immediately after contrast administration 
00, and washout with an enhanced pseudocapsule on interstitial-phase image (o). 

Coronal T2-weighted SS-ETSE (/?), transverse fat-suppressed T2-weighted ETSE (q), SGE (r), and immediate (s) and 5-min (0 
postgadolinium SGE images in a fifth patient. An 8-cm mass is present in the right hepatic lobe with heterogeneous and moderately 






Fig. 2.115 (Continued) high signal on T2 (p, q), heterogeneous low signal intensity on Tl-weighted images (r), and diffuse 
heterogeneous enhancement on immediate (s) and late (0 postgadolinium images. A tumor capsule is evident, which is hypointense 
on SGE (arrow, r) and immediate postgadolinium images, and enhances on late images (arrows, f). A large and dark central scar is 
best seen on late image (O (Reproduced with permission from Kelekis NL, Semelka RC, Worawattanakul S, Lange EE, et al. 
Hepatocellular carcinoma in North America: a multiinstitutional study of appearance on Tl-weighted, T2-weighted, and serial 
gadolinium-enhanced gradient-echo images. AJR Am J Roentgenol 170: 1005-1013, 1998). 

Coronal T2-weighted SS-ETSE (u), transverse fat-suppressed T2-weighted ETSE (v), SGE (w), and immediate (x) and 90-s fat- 
suppressed (y) postgadolinium SGE images in a sixth patient. There is a large tumor mass occupying the majority of the left lobe 





Fig. 2.115 (Continued) that is mildly and heterogeneously 
hyperintense on T2 (u, v) and moderately hypointense on Tl (w) 
and shows diffuse heterogeneous enhancement on immediate 
postgadolinium images (pc) and washout with capsular enhance- 
ment on interstitial-phase images (y), consistent with a large HCC. 
Note the ascites, irregular liver contour, and varices along the 
lesser gastric curvature. 




Fig. 2.116 Fat-containing well-differentiated HCC. Echo- 
train STIR (a), SGE (£>), out-of-phase SGE (c), and immediate id) 
and 90-s fat-suppressed (e) postgadolinium SGE images. There is 
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Fig. 2.116 (Continued) a lobular mass in the right hepatic lobe that demonstrates high signal on T2 (a), isointensity on Tl 
(£>), partial loss of signal on out-of-phase image (c), intense immediate enhancement after contrast (d), and washout (e). On late 
images (e), the pseudocapsule is high signal and well visualized. Note a small central scar that is high signal on T2 (a), and hypoin- 
tense immediately after gadolinium id) and shows late enhancement (e). Superficially this well-differentiated HCC resembles an 
FNH. A distinguishing feature is the regions of signal heterogeneity on all MR sequences; FNH should be homogeneous on all 
sequences. Note also that the lesion demonstrates a peripheral region of signal loss (arrow, c) on the out-of-phase sequence con- 
sistent with fat. Presence of fat is a feature of well-differentiated HCC and not FNH, and irregular regions of fatty infiltration distin- 
guish it from adenoma, which most commonly shows uniform fatty infiltration. Echo train-STIR (/"), SGE (g), and immediate (h) and 
90-s fat-suppressed postgadolinium SGE (i) images in the same patient, 4 months later. The lesion has increased in size, reflecting 
its malignant behavior. 
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Fig. 2.117 Fat-containing well-differentiated HCC. T2-weighted SS-ETSE (a), SGE (&), out-of-phase (c), and immediate id) 
and 90-s fat-suppressed (e) postgadolinium SGE images. A mass is present in the segment 8 of the liver that shows signal intensity 
similar to background parenchyma on the T2-weighted image (a), slightly higher signal intensity on the Tl-weighted image (£>), 
heterogeneous loss in signal intensity on the out-of-phase image (c), intense enhancement the on the early-phase image (d), and 
washout with late capsule enhancement on the late-phase image (e), but with the persistence of the capsule enhancement. 



212 



Chapter 2 LIVER 




Fig. 2.117 (Continued) SGE (/"), out-of-phase SGE (g), and 
immediate (h) and 90-s fat-suppressed (/) postgadolinium SGE 
image in a second patient. There are two rounded lesions situated 
side by side in the left hepatic lobe. The nodule adjacent to the 
middle hepatic vein demonstrates low signal intensity on Tl- 
weighted image, intense enhancement on early-phase image 
(arrow, h), and washout with capsule enhancement on late-phase 
image (/)• This HCC does not show drop in signal intensity on 
out-of-phase image (g). The tumor located near the left hepatic 
vein has similar imaging features, but it drops in signal intensity 
on the out-of-phase image (arrow, g), consistent with the presence 
of fat within the HCC. 




3) stability of lesion over a 1-year period is suggestive 
of high-grade dysplastic nodule, although HCC can still 
develop; 4) regression of lesion on follow-up MR studies 
is suggestive of dysplastic nodule; 5) size of nodule 
<1.5cm (in combination with absence of a large coex- 
istent HCC) is consistent with high-grade dysplastic 
nodule; and 6) size of nodule >2cm is worrisome for 
HCC. 

The most reliable feature that raises the concern for 
high likelihood of HCC is interval growth. It may be 
prudent to identify the presence of all nodules, even 
those <lcm, that show moderately intense early 
enhancement, even though recognizing that many 
lesions <1 cm will diminish in enhancement or resolve 
on serial follow-up MR studies. At the present time, it 
may not be possible to predict which <l-cm lesions will 
resolve, and patients with chronic liver disease at high 
risk for development of HCC (e.g., hepatitis C or alcohol 
related) may have a greater tendency for these lesions 
to continue to grow into HCCs. 



Diffuse HCC 

The diffuse type of HCC is a permeative hepatic tumor 
that involves at least 50% of the hepatic parenchyma and 
occurs in approximately 13% of patients with HCC [207]. 
The most common appearance of diffuse infiltrative HCC 
is extensive hepatic parenchymal involvement with 
mottled, punctate mildly to moderate high signal inten- 
sity on T2 -weighted images and mildly to moderate low 
signal on Tl -weighted images. The MR features on unen- 
hanced images are nonspecific, that is, similar to those 
in cirrhotic livers without tumor involvement. Patchy or 
miliary pattern of enhancement is often observed on 
immediate postgadolinium images with tumor washout 
and segments of late capsule enhancement on late 
images (fig. 2.129). Miliary enhancement on early phase 
is a relatively specific MR finding of diffuse HCCs and 
may represent the enhancement of extensive micronod- 
ules as shown on histopathology [207, 208]. 

Diffuse HCC may also appear as irregular linear 
strands that are iso- to moderately hyperintense on 
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Fig. 2.118 Hepatocellular carcinoma, multifocal with high signal intensity, not representing fat, on Tl -weighted 
images. SGE (a), out-of-phase SGE (£>), fat-suppressed T2-weighted ETSE (c), and immediate (d) postgadolinum SGE images. Multiple 
HCCs are present that are high in signal intensity on Tl in-phase images (arrows, a) and do not drop in signal or develop a phase- 
cancellation artifact on the out-of-phase image (&), which excludes the presence of fat. The small HCCs are isointense with liver 
on T2 (c), whereas the large tumor is heterogeneous and mildly hyperintense. On the immediate postgadolinium image (d), the 
small HCCs exhibit predominantly peripheral enhancement, whereas the larger HCC has diffuse heterogeneous enhancement. A 
low-signal-intensity pseudocapsule is appreciated around the larger HCC on all imaging sequences. 

SGE (e), out-of-phase SGE (/"), and immediate postgadolinium SGE (g) images in a second patient. There is a large HCC with 
high signal intensity on Tl -weighted image (e), which does not drop in signal on out-of-phase images (/") and shows diffuse hetero- 
geneous enhancement on immediate postcontrast images (g). This lesion is consistent with a nonfatty HCC. 
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Fig. 2.118 (Continued) SGE (h), out-of-phase SGE (/), and 
immediate (/') and 90-s fat-suppressed (k) postgadolinium SGE 
images in a third patient. There are two rounded lesions, both 
with high signal on in-phase images (If). The more posterior mass 
(arrow, i) loses signal on out-of-phase image, reflecting the pres- 
ence of fat. The anterior lesion does not lose signal, consistent 
with the absence of fat. Both HCCs enhance intensely on immedi- 
ate postgadolinium images (j) and washout with late capsule 
enhancement on interstitial-phase images (k). 

As these cases illustrate, high signal on Tl -weighted images is 
relatively common in HCC, but in the majority of cases it does not 
reflect the presence of fat. The high signal is most often on the 
basis of high protein content. 
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Fig. 2.119 Hypovascular and isovascular HCC. Fat-suppressed T2-weighted SS-ETSE (a) and immediate (b) and 90-s fat- 
suppressed (c) postgadolinium SGE images. There are two nodular lesions in the top of the liver. The largest one (arrow, b) shows 
low signal intensity on T2-weighted image (a) and minimal enhancement on early-phase image (b) that decreases over time (c), 
compatible with hypovascular HCC. Nearby the hypovascular HCC, there is a smaller lesion that shows high signal intensity on 
T2-weighted image (a) and ring and perilesional enhancement on early-phase image Qf) that becomes more conspicuous on late- 
phase image (c), consistent with metastasis from the HCC. 

SGE (d) and immediate (e) and 90-s fat-suppressed (/") postgadolinium SGE images in a second patient. A HCC is present in the 
liver that is moderately low signal intensity on the Tl -weighted image (arrow, d), shows partial faint enhancement on the early- 
phase image (e) and partially washes out on late-phase image (/"), consistent with hypovascular HCC. 
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Fig. 2.119 (Continued) T2-weighted fat-suppressed SS-ETSE (g), SGE (h), and immediate (/, k) and 90-s (J, I) postgadolinium 
fat-suppressed 3D-gradient echo images obtained at 3T show similar findings with multiple hypovascular HCCs. 
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Fig. 2.119 (Continued) T2-weighted SS-ETSE fat-suppressed (m), SGE (n), and immediate (o) and 90-s (p) postgadolinium fat- 
suppressed 3D gradient echo images obtained at 3T show a hypointense lesion on T2 (m)- and Tl (^)-weighted images, that 
enhances in an isointense fashion on early phase (o) and demonstrates washout with capsular enhancement on late phase (p), 
compatible with isovascular HCC. 





Fig. 2.120 Hypervascular HCC with small satellite tumors. Immediate (a) and 90-s (b) postgadolinium SGE images. Intense 
diffuse heterogeneous enhancement of a 15-cm HCC is present on the immediate postgadolinium image (a). Multiple additional 
small HCCs are apparent, including tumors as small as 3mm (arrow, a). By 90s after gadolinium (£>), the large tumor has washed 
out in a heterogeneous fashion with prominent abnormal curvilinear hepatic veins apparent (arrows, b). The small HCC has become 
isointense with liver at this time. 
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Fig. 2.120 (Continued) T2-weighted fat-suppressed SS-ETSE (c), SGE (d), and immediate (e) and 90-s postcontrast (f) fat sup- 
pressed 3D-gradient echo images obtained at 3T show multiple hypervascular lesions on early phase image (e) with washout and 
capsular enhancement on late phase (f) compatible with HCCs in a second patient. Note tumor thrombosis of the right branch of 
the portal vein (/"). 





Fig. 2.121 Solitary small hypervascular HCC. Fat-suppressed T2-weighted SS-ETSE (a), SGE (b), and immediate (c) and 90-s 
fat-suppressed postgadolinium SGE id) images. There is a 2-cm mass that bulges the liver contour slightly in the right lobe. The 
mass is minimally hyperintense on T2 (a) and mildly hypointense on Tl (b), demonstrates intense uniform enhancement on the 
immediate postgadolinium image (c), and fades to hypointensity by 90s id) with late enhancement of a pseudocapsule. Intense 
hepatic arterial dominant-phase enhancement is the most sensitive technique for the detection of small HCCs. Washout to hypoin- 
tensity with late capsular enhancement is the most specific. 
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Fig. 2.121 (Continued) 






Fig. 2.122 Small hypervascular HCC. T2-weighted SS-ETSE (a), SGE (&), immediate (c) and 90-s fat-suppressed (d) post- 
gadolinium SGE in one patient; T2-weighted SS-ETSE (e), SGE (/"), out-of-phase SGE (g), and immediate (h) and 90-s fat-suppressed 
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Fig. 2.122 (Continued) (/') postgadolinium SGE in a second patient; and T2-weighted SS-ETSE (/'), SGE (&), out-of-phase SGE 
(/), and immediate (m) and 90-s fat-suppressed (n) postgadolinium SGE in a third patient, all with a small hypervascular HCC. Note 
that in all cases the tumor has intense enhancement on early-phase images and washout with late capsule enhancement on late- 
phase images. 





Fig. 2.122 (Continued) 




Fig. 2.123 Hypervascular HCC. Fat-suppressed T2-weighted 
SS-ETSE (a), SGE (£>), and immediate (c) and 90-s fat-suppressed 
id) postgadolinium SGE images. There is a lesion that bulges into 
the gallbladder fossa that appears mildly low signal intensity on 
the T2-weighted image (arrow, a), mildly high signal intensity 
on the Tl -weighted image (b), intense enhancement on the early- 
phase image (c), and washout with capsule enhancement on the 
late-phase image (d), consistent with an HCC. 






Fig. 2.123 (Continued) Fat-suppressed T2-weighted SS-ETSE (e), SGE (/"), and immediate (g), 45-s (h), and 90-s fat-suppressed 
(i) postgadolinium SGE images in a second patient with a tumor located in segment 8. This mass shows mildly high signal intensity 
on the T2-weighted image (e), mildly high signal intensity on the Tl -weighted image (/"), moderate enhancement on the early phase 
(g), and washout and capsule enhancement on 45-s image (h) that persist on late-phase image (/), consistent with HCC. Note that 
washout occurs by 1 min postgadolinium for HCCs, and excellent renal corticomedullary enhancement is still present when the 
tumor has washed out. 
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Fig. 2.123 (Continued) Fat-suppressed T2-weighted SS-ETSE (/'), SGE (&), and immediate (/) and 90-s fat-suppressed (m) post- 
gadolinium SGE images in an additional patient with HCC shows similar findings. 





Fig. 2.124 Focal HCC with bile duct obstruction. Coronal T2-weighted SS-ETSE (a) and immediate postgadolinium SGE 
(b) images. There is a large lesion in the left hepatic lobe that demonstrates minimally hyperintense signal on T2-weighted images 
(a) and moderate heterogeneous enhancement immediately after gadolinium administration (£>), consistent with a large HCC. Note 
that the mass causes ductal obstruction (arrows, a) of the biliary tree in segment 2 of the left lobe. 




Fig. 2.125 Multifocal HCC with tumor thrombus. Echo-train STIR (a), coronal SGE (b), and immediate (c) and 90-s fat- 
suppressed postgadolinium SGE (d) images. There are multiple irregular, ill-defined multifocal HCCs scattered throughout all hepatic 
segments that demonstrate mildly decreased signal on Tl (a), mildly increased signal on T2 (b), and heterogeneous moderate 
enhancement on hepatic arterial dominant-phase images (c), with late washout and capsular enhancement (d). The portal vein is 
expanded with tumor thrombus (arrows, a, b, d). The thrombus is not well seen on the immediate postgadolinium image (c), as 
it enhances in a comparable fashion to background liver. Portions of tumor show late washout and capsule enhancement as observed 
in focal HCC. 
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Fig. 2.125 (Continued) Coronal (e) and transverse (f) T2-weighted SS-ETSE, SGE (g), and immediate (h) and 90-s fat-suppressed 
(i-t) postgadolinium SGE images in a second patient. There is a large irregular mass occupying the majority of segments 5 and 6 of 
the right hepatic lobe, with tumor thrombus (small arrows, e-j) extending into the right, left, and main portal veins. Interstitial- 
phase gadolinium-enhanced images clearly depict multiple lymph nodes (arrowheads, i-t). 
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Fig. 2.125 (Continued) Coronal T2-weighted SS-ETSE (m), 
echo-train STIR (n), and immediate postgadolinium SGE (o) images 
in a third patient. There is expansion of the right and left portal 
veins consistent with tumor thrombus. Heterogeneous tumor is 
identified in segment 4. 









Fig. 2.126 Diffuse hepatocellular carcinoma with portal vein thrombosis. Fat-suppressed T2-weighted ETSE (a), SGE 
(b), and immediate postgadolinium SGE (c) images. The portal vein is expanded with tumor thrombus (small arrows, a, b), which 
is nearly isointense with liver on T2 (a) and Tl(fe>) images. Tumor thrombus enhances in a diffuse heterogeneous fashion (arrows, 
c) on the immediate postgadolinium image (c). The hepatic artery is identified as a small high-signal tubular structure on the pre- 
contrast and immediate images (long arrow, b). Heterogeneous enhancement of the liver on the immediate postgadolinium image 
(c) reflects a combination of vascular abnormality from portal vein thrombosis and heterogeneous enhancement of diffusely infiltra- 
tive HCC. A substantial volume of ascites is present that is high in signal intensity on T2-weighted images (a) and low in signal 
intensity on pre- and postcontrast Tl -weighted images (b, c). 

Portal vein thrombosis in a second patient with diffuse HCC shown on spiral CTAP (d) and immediate postgadolinium SGE (e) 
images. On the CTAP image (d), nonopacification of the right hemiliver because of thrombosis of the right portal vein is noticed. 
The immediate postgadolinium image demonstrates a tumor thrombus that expands the right portal vein (arrow, e). Diffuse het- 
erogeneous mottled enhancement of the right lobe of the liver is present on the MR image (e), which is a typical appearance for 
diffusely infiltrative HCC. 
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Fig. 2.126 (Continued) Coronal T2-weighted SS-ETSE (/"), transverse immediate (g, h) and 45-s postgadolinium SGE (i) and 
90-s fat-suppressed postgadolinium SGE (/') images in a second patient. There is an infiltrative HCC in the right hepatic lobe that 
demonstrates mild high signal intensity on the T2-weighted image (/") and heterogeneous intense enhancement immediately after 
gadolinium administration (g, h). The portal vein is expanded with tumor thrombus (arrows, f, g, i), which enhances in a diffuse 
fashion after contrast. 
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Fig. 2.126 (Continued) Coronal T2-weighted SS-ETSE (&), SGE (/), and immediate (m) and 90-s fat-suppressed (n) postgado- 
linium SGE images in a third patient with a diffuse HCC and tumor thrombus of the right portal vein. T2-weighted fat-suppressed 
SS-ETSE (o), SGE (p) and immediate (q) and 90s postcontrast fat-suppressed 3D-gradient echo images at 3T demonstrate poorly 
defined diffuse HCC in the right lobe. Note intense early enhancement of the tumor thrombus (q). 
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Fig. 2.127 Hepatocellular carcinoma with hepatic- vein thrombosis. Transverse 45-s (a) and 90-s (b) postgadolinium SGE 
images. On the 45-s postgadolinium image (a) tumor thrombus is apparent in the middle hepatic vein as low-signal-intensity mate- 
rial that expands the vein (arrow, a). Diffuse heterogeneous enhancement is noted in the right lobe that represents diffuse infiltra- 
tive HCC. Distal to the thrombosed hepatic vein, a wedge-shaped perfusion defect is identified. On the 90-s image (b) the tumor 
thrombus maintains low signal intensity compared to liver. However, the perfusion defect resolved, and the diffuse HCC is more 
isointense with background liver. 

Fat-suppressed T2-weighted ETSE (c), SGE (d), and immediate postgadolinium SGE (e) images in a second patient. A 5-cm HCC 
(large arrow, d) is present in the right hepatic lobe that appears isointense on T2 (c> and mildly hypointense on Tl (d)-weighted 
images and exhibits mild enhancement on hepatic dominant-phase image (e). A thin tumor capsule is identified on the precontrast 
Tl -weighted image id). In the middle hepatic vein there is an abnormal soft tissue with isointense signal intensity on Tl- and T2- 
weighted images (arrows, c, d, e) and moderate enhancement after gadolinium administration (arrow, e). A perfusional abnormality 
adjacent to middle hepatic vein is related to the presence of tumor thrombus. 






Fig. 2.127 (Continued) T2-weighted SS-ETSE (/") and immediate (g) and 90-s fat-suppressed (h, i) postgadolinium SGE images 
in a third patient. The left hepatic lobe and part of the right hepatic lobe show irregularity of the contour and distortion of the 
normal architecture due to the presence of a large tumor. On T2-weighted image (/"), this tumor demonstrates mildly high signal 
intensity, on Tl -weighted images (not shown) it shows low signal intensity, and after administration of contrast there is a moderate 
and heterogeneous enhancement on early-phase images (g) that fades to background signal intensity on late-phase images (h, i). 
Tumor thrombus is present in the main branches of the portal vein, which enhances on late-phase images. Note the biliary dilata- 
tion due to tumor compression. 

T2-weighted SS-ETSE fat-suppressed (/'), SGE (&), and immediate (/) and 90-s (m) fat-suppressed postgadolinium fat-suppressed 
3D-gradient echo images at 3T images in a fourth patient. Tumor thrombus is apparent in the main portal vein as well right and 
left branches with features similar to those previously described. Note the perfusional parenchymal abnormality adjacent to the 
right portal vein. 
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Fig. 2.127 (Continued) 





Fig. 2.128 T2-weighted SS-ETSE (a), Tl-weighted SGE (b), 
and immediate (c) and 90-s post gadolinium fat-suppressed id) 
SGE images; immediate (e) and 90-s (/) postgadolinium fat- 
suppressed 3D gradient-echo at 3T demonstrate a large hyper- 
vascular HCC. 
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Fig. 2.128 (Continued) Ring enhancing HCC. Tl-weighted 
fat-suppressed 3D-gradient echo immediate post gadolinium 
images obtained at 3T in a 6-month interval between studies 
(g, h). Note the ring pattern of enhancement best observed on 
6-month follow-up exam, which mimics the enhancement pattern 
of metastases. Ring enhancement may be a sign of a more aggres- 
sive HCC. 







Fig. 2.129 Hepatocellular carcinoma, diffuse infiltrative type. Fat-suppressed T2-weighted ETSE (a) and immediate post- 
gadolinium SGE Qf) images. Mottled diffuse high signal intensity is present throughout the liver on the T2-weighted image (a). 
Diffuse mottled heterogeneous enhancement is appreciated on the immediate postgadolinium image (b). These findings represent 
diffuse infiltrative HCC. Mottled signal intensity is the most common MRI appearance for diffuse infiltrative HCC. Occasionally, 
diffuse infiltrative HCC will appear as low in signal intensity on T2-weighted images and very low in signal intensity on postgado- 
linium images. Prominent varices are present along the lesser curvature of the stomach (arrow, b). 

Transverse 45-s postgadolinium SGE (c) in a second patient. There is a large heterogeneous region of mottled enhancement 
throughout the right lobe of the liver, consistent with an infiltrating HCC. Note the irregularity of liver contour. Tumor thrombus 
of the right portal vein (arrow, c) is also present. 

Transverse fat-suppressed T2-weighted SS-ETSE (d), SGE (e), and immediate postgadolinium SGE (/") images in a third patient. 
The liver is diffusely heterogeneous in appearance on both T2 id)- and Tl (e)-weighted images and shows mild diffuse heteroge- 
neous enhancement after contrast (/"), consistent with infiltrative HCC. The main, right, and left portal veins are distended with 
tumor thrombus (arrows, f). Note ascites and splenomegaly. 

These cases illustrate the mottled heterogeneity of infiltrative HCC and illustrate that tumor thrombus in veins is almost invari- 
ably present. A third important feature is that oc-fetoprotein is frequently extremely high. 
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T2-weighted images and hypo isointense on Tl -weighted 
images. Immediate postcontrast images, tumor strands 
enhance variably. Late imperceptible enhancement or 
increased enhancement of tumor strands may reflect a 
high fibrous composition (fig. 2.130). 

Venous thrombosis, almost always portal veins, 
sometimes in combination with hepatic venous throm- 
bosis, is virtually invariably present. Very high serum 
oc-fetoprotein (AFP) levels are commonly observed with 
diffuse HCC, with 78% of patients reported as present- 
ing with increased AFP levels. AFP levels can be normal 
or near normal in a sizable minority of patients. A prior 
study [207] reported that 100% (22 of 22) of patients 
with diffuse HCC presented with portal vein thrombosis. 
Tumor thrombus is commonly high signal intensity on 
T2-weighted images and enhances with gadolinium; 



meanwhile, bland thrombus is low in signal intensity 
on T2 -weighted images and does not enhance after 
gadolinium. 

Diffuse HCC may simulate the appearance of acute 
on chronic hepatitis or recent-onset fibrosis on imaging 
studies. Acute on chronic hepatitis tends to fade to 
background parenchyma rather than washing out on 
late postcontrast images and does not have expansive 
thrombus. AFP levels for acute on chronic hepatitis are 
usually relatively low. Major differential diagnoses to be 
considered are cholangiocarcinoma and metastases. 
Commonly, cholangiocarcinoma has better defined 
margins and does not exhibit tumor venous thrombus. 
Infiltrative metastases such as from breast cancer also 
have a more clearly focal pattern of involvement than 
diffuse HCC, and the primary tumor is almost always 





Fig. 2.130 Diffuse Infiltrative HCC. Fat-suppressed T2-weighted SS-ETSE (a), SGE (&), and immediate (c) and 90-s fat- 
suppressed id) postgadolinium SGE images; fat-suppressed T2-weighted SS-ETSE (e) and immediate (/") and 90-s fat-suppressed (g) 
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Fig. 2.130 (Continued) postgadolinium SGE images; fat-suppressed T2-weighted SS-ETSE (/?), SGE (i), and immediate (/') and 
90-s fat-suppressed (k) postgadolinium SGE images. 
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Fig. 2.130 (Continued) Fat-suppressed T2-weighted SS-ETSE 
(/), SGE (rn), and immediate (n) and 90-s fat-suppressed (o) post- 
gadolinium SGE images in four different patients with infiltrative 
HCC. In all cases, the tumor shows an intense heterogeneous 
enhancement on early-phase images (e, /, j, n) that becomes less 
evident but with persistent enhancement (d, g, &) or impercep- 
tible (o) on late-phase images. 
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known [207]. Venous tumor thrombus rarely may occur 
in the setting of metastases. 

Fibrolamellar Carcinoma 

Fibrolamellar carcinoma is a distinct morphologic 
subtype of liver cell carcinoma. This tumor occurs in 
younger patients, frequently females, without underly- 
ing cirrhosis or chronic liver disease. Fibrolamellar car- 
cinoma is biologically distinct from other HCCs because 
it exhibits slow growth and is associated with a favor- 
able prognosis [2091. From a pathologic viewpoint, the 
tumor is oftentimes large, usually solitary and well 
defined [2]. Macroscopically, the tumor shows a lobular 
architecture with intervening fibrous septa or a central 
stellate scar. Microscopically, tumor cells are polygonal, 
large, and eosinophilic. An extensive meshwork of col- 
lagenous stroma surrounding nests of tumor cells is the 
sine qua non for pathologic diagnosis. The rich fibrous 
network that incarcerates tumor has been credited for 
the slow, indolent growth of fibrolamellar carcinoma 
in contrast with ordinary HCC, which has a richly vas- 
cularized stroma permissive for intra- and extrahepatic 
spread [2]. 

On imaging, fibrolamellar carcinomas are generally 
large, solitary tumors that are heterogeneous and mod- 
erately high in signal intensity on T2-weighted images 
and heterogeneous and moderately low in signal inten- 
sity on Tl -weighted images. Enhancement of the tumor 
is diffuse heterogeneous and moderately intense on 
immediate postgadolinium images. A huge central scar 
with radiating appearance is present. The central scar 
is variable in signal and has large low-signal compo- 
nents on T2-weighted images that enhance negligibly 
on delayed gadolinium-enhanced images (fig. 2.131) 
[210, 211]. On MR imaging, the scar is characterized by 
a complex arborizing pattern, radiating from a central 
focus and extending out to the tumor periphery. This 
profile is distinctly different from the appearance of 
FNH, in which the scar occupies a small central portion 
of the tumor and exhibits more uniform signal enhance- 
ment characteristics on late images [210]. 

Lymphoma 

Secondary involvement of the liver by Hodgkin and 
non-Hodgkin lymphoma is common in stage IV disease 
[212]. On imaging, non-Hodgkin lymphoma more fre- 
quently results in focal hepatic lesions than Hodgkin 
disease. Lesions vary in signal intensity from low to 
moderately high on T2-weighted images and are typi- 
cally low in signal intensity on Tl -weighted images. 
Enhancement on immediate postgadolinium images 
tends to parallel the signal intensity on T2-weighted 
images; lesions that are low in signal intensity on T2- 
weighted images tend to enhance minimally (fig. 2.132), 
whereas lesions that are high in signal intensity tend to 



enhance in a substantial fashion (fig. 2.133) [213]. As 
with liver metastases, enhancement on immediate post- 
gadolinium images usually is predominantly peripheral. 
Lesions of malignant lymphoma may possess transient, 
ill-defined perilesional enhancement on immediate 
postgadolinium images independent of the degree of 
enhancement of the lesions themselves (fig. 2.134). 
Rarely tumors may directly invade vessels producing 
an angiotropic pattern of involvement (fig. 2.135). 
Histopathologically, secondary involvement of the liver 
by malignant lymphoma is heralded by tumor deposits 
within the portal tracts. A clinical correlate with this 
microscopic appearance may be reflected on MR 
imaging with the appearance of periportal tumor track- 
ing. This particular pattern may be very difficult to 
diagnose but is best visualized on a combination of 
T2-weighted fat-suppressed images and hepatic venous- 
phase gadolinium-enhanced fat-suppressed images. On 
both techniques, periportal tumor is moderately high in 
signal intensity (fig. 2.136). 

Primary hepatic lymphoma is considerably rarer 
than secondary involvement, and histologically the 
majority are non-Hodgkin lymphomas. Most tumors are 
characterized grossly as a large solitary mass, but they 
may vary in appearance from multiple nodules to diffuse 
involvement. Tumors are mild to moderately high in 
signal on T2-weighted images and moderately low in 
signal intensity on Tl -weighted images and show rela- 
tively diffuse heterogeneous enhancement on immedi- 
ate postgadolinium gradient-echo images (figs. 2.137 
and 2.138), analogous to primary hepatic tumors of 
other histologic types. 

Multiple Myeloma 

Focal deposits of multiple myeloma rarely occur in the 
liver and most often in the setting of disseminated 
disease. Pathologically, hepatic lesions are characterized 
by tumor cell infiltration of sinusoids and portal tracts. 
Focal hepatic lesions are observed most commonly in 
light-chain multiple myeloma. Lesions are often small, 
measuring approximately 1cm in diameter. They are 
moderately hyperintense on T2-weighted images and 
iso- to mildly hyperintense on Tl -weighted images 
[214]. The hyperintensity on Tl-weighted images may 
reflect the increased production of monoclonal protein. 
Multiple myeloma lesions are sufficiently rare that is 
difficult to establish their enhancement characteristics; 
many, however, appear to be hypervascular (fig. 2.139). 

Intrahepatic or Peripheral Bile Duct Carcinoma 
(Cholangiocarcinoma) 

Intrahepatic or peripheral cholangiocarcinoma are terms 
applied to lesions that originate in the ducts proximal 
to (i.e., above) the hilum of the liver. Malignant tumors 
arising from intrahepatic bile ducts are much less 
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Fig. 2.131 Fibrolamellar carcinoma. Fat-suppressed T2-weighted ETSE (a), SGE (£>), and immediate (c) and 10-min postgado- 
linium SGE id) images. A 14-cm fibrolamellar hepatocellular carcinoma is present in this adolescent male with no history of liver 
disease and 1-yr duration of gynecomastia. The tumor is heterogeneously hyperintense on the T2-weighted image (a) with the 
central radiating scar largely low in signal intensity and hypointense on the Tl -weighted image (b) with the central scar also low 
in signal intensity. On the immediate image (c), the tumor exhibits diffuse moderate heterogeneous enhancement with negligible 
enhancement of the radiating scar. On the 10-min image (d), the bulk of the tumor has become isointense with background liver. 
Portions of the central scar are higher in signal intensity than surrounding tissue, whereas other parts remain low in signal. In 
contrast to FNH, the scar in fibrolamellar HCC is much larger and exhibits more heterogeneous signal on T2 and early and late 
postgadolinium images. 



common than those arising from hepatocytes and have 
no direct association with cirrhosis [215]. Most cases of 
cholangiocarcinoma occur after the age of 60 years. 
Pathologically, the tumor is generally better circum- 
scribed and of firmer consistency than hepatocellular 
carcinoma. The microscopic picture is characterized by 
glandular configurations surrounded by abundant, 
dense fibrous stroma. The prominent sinusoidal pattern 
of HCC is not present [22]. 

The tumor is frequently large at presentation [216]. 
Cholangiocarcinoma resembles HCC with moderate 
high signal intensity on T2-weighted images and low 



signal intensity on Tl -weighted images. High signal on 
Tl -weighted images, pseudocapsule, and invasion into 
portal and hepatic veins are common with HCC and 
rarely seen with cholangiocarcinoma. Also, biliary and 
extrinsic portal vein obstruction are more common with 
cholangiocarcinoma. Enhancement with gadolinium 
varies from minimal to intense diffuse heterogeneous 
enhancement immediately after contrast administration 
(fig. 2.140). Minimal enhancement is most commonly 
observed. Persistent enhancement on delayed images is 
relatively common [217]. The intrahepatic origin of the 
tumor likely explains the early diffuse heterogeneous 
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Fig. 2.132 Hepatic lymphoma, low T2-weighted signal. Fat-suppressed T2-weighted SE (a), SGE (£>), and immediate (c) 
and 90-s (d) postgadolinium SGE images. On the T2-weighted image (a), the liver and spleen demonstrate transfusional siderosis 
with low signal intensity of the liver and spleen. The SGE image (b) demonstrates wedge-shaped regions of low signal intensity 
representing increased iron deposition. On the immediate postgadolinium image (c), focal low-signal intensity masses (arrow, c) 
of diffuse histiocytic lymphoma are shown. These masses enhance to isointensity with hepatic parenchyma on interstitial-phase 
images. 



enhancement. (For a more complete description of 
cholangiocarcinoma see Chapter 3, Gallbladder and 
Biliary System). 

Malignant tumors of mixed liver cell and bile duct 
differentiation are rare. Mixed HCC-cholangiocarcinoma 
may occur, and the imaging appearance is generally 
indistinguishable from that of HCC (fig. 2.141). These 
tumors tend to be multifocal and hypervascular. 

Angiosarcoma 

Angiosarcoma is the most common sarcoma arising in 
the liver and accounts for 1.8% of all liver cancers. An 
increased risk for the development of this tumor in 
adults has been documented in the following settings: 



1) cirrhosis; 2) vinyl chloride exposure; 3) thorium 
dioxide exposure (Thorotrast) for radiographic pur- 
poses; and 4) arsenic exposure. This tumor is usually 
encountered in middle-aged patients and occurs more 
commonly in men. Pathologically, angiosarcomas 
appear most commonly as multicentric nodules dif- 
fusely involving the liver. Occasionally, tumor may 
present as a solitary, large mass. Microscopically, angio- 
sarcoma is characterized by ill-defined clusters of malig- 
nant endothelial cells lining and expanding the sinusoids. 
Internal hemorrhage is relatively common [218]. 

On MRI, angiosarcoma usually appears as a multifo- 
cal process, but an infiltrative pattern is also described 
[219, 220]. Angiosarcoma may be high signal intensity 





Fig. 2.133 Hepatic lymphoma, after transplant. Fat- 
suppressed T2-weighted SE (a), SGE (£>), and immediate postgado- 
linium SGE (c) images. In this patient with post-heart transplant 
lymphoma, and 8-cm hepatic mass (long arrow, b), a 1-cm adrenal 
mass (short arrow, b), and a 6-cm peritoneum-based mass (large 
arrow, b) are present. The hepatic mass is moderately hyperin- 
tense on the T2-weighted image (a) and moderately hypointense 
on the Tl -weighted image (b) and demonstrates predominantly 
peripheral enhancement on the immediate postgadolinium image 
(c). Minimal heterogeneous enhancement of the peritoneal and 
adrenal masses is present on the immediate postgadolinium 
image (c). 





Fig. 2.134 Hodgkin lymphoma. Fat-suppressed T2-weighted 
ETSE (a) and immediate (b) and 90-s fat-suppressed postgadolin- 
ium SGE (c) images. Multiple focal mass lesions smaller than 2 cm 
are present throughout the liver, many of which show mildly 
hyperintense tumor periphery on T2 (a) and demonstrate ring 
enhancement with ill-defined perilesional enhancement on imme- 
diate postgadolinium images (b). Arciform enhancement of the 
spleen is present on the immediate postgadolinium image, with 
no evidence of focal low-signal-intensity masses (£>). By 90s after 
gadolinium (c), many of the hepatic masses have become isoin- 
tense with the liver. 
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Fig. 2.135 Angiotropic intravascular lymphoma. T2-weighted ETSE (a), SGE (b), and immediate (c) and 90-s id) postgado- 
linium SGE images. There is an irregular geographic pattern of liver involvement that represents angiotropic intravascular lymphoma. 
The vascular involvement causes moderately high signal on T2 (a), moderately low signal on Tl (£>), and negligible early enhance- 
ment (c) with delayed enhancement id) (Courtesy of Evan Siegelman, M. D., Dept. Radiology, Hospital of the University of 
Pennsylvania.) 



on T2-weighted images and low signal on Tl-weighted 
images. The frequent presence of hemorrhage results 
in focal areas of low signal intensity on T2-weighted 
images and high signal on Tl-weighted images. After 
contrast, angiosarcoma may demonstrate peripheral 
nodular enhancement with centripetal progression, 
mimicking the appearance of hemangioma (fig. 2.142) 
[220]. The frequent presence of hemorrhage, which 
results in low signal intensity on T2-weighted images, 
high signal on Tl-weighted images, and lack of central 
enhancement due to hemorrhage, fibrosis, or necrosis 
are distinguishing features [219, 220]. Mild to moderate 
heterogeneous enhancement on arterial dominant phase 
that increases in the extent of enhancement on delayed- 
phase images has also been reported [219]. 



Malignant Mesothelioma 

Malignant mesothelioma of the liver is a rare soft tissue 
tumor that occurs most commonly in men, with peak 
incidence beginning in the fifth decade of life. Asbestos 
exposure is suggested to be a risk factor. Malignant 
mesotheliomas of the liver are large tumors, oftentimes 
greater than 10 cm, solid and well-circumscribed. The 
cut surface shows cystic areas with interlacing septa- 
tions [221]. 

Malignant mesothelioma exhibits heterogeneous 
high signal intensity on T2-weighted images and hetero- 
geneous low signal on Tl-weighted images . Heterogeneity 
on both T2- and Tl-weighted images usually reflects 
the presence of hemorrhage. Diffuse heterogeneous 
enhancement is commonly observed (fig. 2.143). 
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Fig. 2.136 Burkitt lymphoma with periportal infiltration. Coronal T2-weighted SS-ETSE (a), fat-suppressed T2-weighted 
SS-ETSE (£>), SGE (c), and immediate (d) and 90-s fat-suppressed postgadolinium SGE (e, f) images. There is extensive soft tissue 
infiltration in the porta hepatis with periportal extension (arrows, a, b). Periportal tumor infiltration is more common with lym- 
phoma than with other forms of malignant disease. Retroperitoneal nodes are also present (/"). 




Fig. 2.136 (Continued) Fat-suppressed T2-weighted ETSE 
(g), SGE (h), and 45-s postgadolinium SGE (i) images in a second 
patient. Note the presence of ascites. 





Fig. 2.137 Primary hepatic lymphoma. Fat-suppressed T2- 
weighted ETSE (a), SGE (&), and immediate postgadolinium SGE 
(c) images. An 8-cm primary hepatic lymphoma is present in the 
right lobe of the liver. The tumor is mildly hyperintense on T2 (a) 
and moderately hypointense on Tl (£>) and demonstrates thick, 
irregular multilayered peripheral enhancement on immediate post- 
gadolinium images (c). 






Fig. 2.138 Liver lymphoma in a HIV patient. T2-STIR (a), SGE (b), immediate postgadolinium SGE (c), and 90-s fat-sup- 
pressed postgadolinium SGE (d) images in a patient with HIV. Multiple focal lesions are present throughout the liver that are mildly 
hyperintense on T2 (a) and moderately hypointense on Tl (b) and demonstrate minimal early enhancement with perilesional 
enhancement (c), with mild progression of lesion enhancement and fading of the perilesional enhancement. A variety of etiologies 
of liver disease occurs in HIV patients in greater frequency than in patients with normal immune systems, including infectious and 
neoplastic disease. In this patient, multiple foci of lymphoma are present throughout the liver. Note also abnormal signal intensity 
of the bone marrow of the spine consistent with disease involvement in this location as well. 





Fig. 2.139 Multiple myeloma. Fat-suppressed T2-weighted ETSE (a), SGE (b), and Tl -weighted fat-suppressed spin-echo (c) 
images. Multiple focal masses < 1.5 cm are present in the liver that are moderately hyperintense on T2 image (a), nearly isointense 




Fig. 2.139 (Continued) on Tl-weighted image (£>), and mod- 
erately hyperintense on Tl-weighted fat-suppressed spin-echo 
image (small arrows, c). High signal intensity on Tl- and T2- 
weighted images is also present in vertebral bodies (large arrow, 
c) because of myelomatous involvement. 

Fat-suppressed T2-weighted ETSE (d), fat-suppressed 3D- 
gradient echo (e), and immediate (/") and 90-s fat-suppressed (g) 
postgadolinium fat-suppressed 3D-gradient echo images obtained 
at 3T in a second patient with multiple myeloma. Multiple focal 
lesions on the right hepatic lobe are moderately hyperintense on 
T2 id) and hypointense on SGE (e), enhance in an intense diffuse 
heterogeneous fashion on immediate images (/"), with lesional 
washout and thin rim enhancement on delayed images (g). 







Fig. 2.140 Intrahepatic cholangiocarcinoma. Fat- 
suppressed T2-weighted ETSE (a), SGE (£>), and immediate post- 
gadolinium SGE (c) images. A 14-cm tumor is present in the right 
lobe of the liver that is moderately high in signal intensity on the 
T2-weighted image (a) and moderately low in signal intensity on 
the Tl -weighted image (b) and enhances in an intense, diffuse 
heterogeneous fashion on the immediate image (c). The appear- 
ance resembles that of an HCC. 

Coronal T2-weighted SS-ETSE (d), SGE (e), and immediate (/") 
and 90-s fat-suppressed (g) postgadolinium SGE images in a second 
patient. There is a mass in the left hepatic lobe that demonstrates 
heterogeneous high signal intensity on T2-weighted image (d), 
low signal intensity on Tl -weighted images (e), and perilesional 
enhancement on early-phase images (/") that fades on late 
phase images (g). Minimal lesional enhancement is appreciated 
in this case. Histopathology was consistent with intrahepatic 
cholangiocarcinoma. 
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Fig. 2.141 Mixed HCC-cholangiocarcinoma. Fat-suppressed T2-weighted ETSE (a), SGE (£>), and immediate postgadolinium 
SGE (c) images. A large 14-cm tumor is centered in the anterior segments 4/8, and multiple small satellite lesions are scattered 
throughout the remainder of the liver. The tumors are moderately high in signal on the T2-weighted image (a) and moderately low 
in signal intensity on the Tl -weighted image Qf) and enhance intensely immediately after gadolinium administration (c). Capsular 
retraction is also noted (arrows, a). 

T2-weighted SS-ETSE (d), SGE (e), and immediate (/") and 90-s fat-suppressed (g) postgadolinium SGE images in a second patient. 
A mass is present adjacent to the porta hepatis. This lesion is isointense with background parenchyma on T2-weighted images id) 
and moderately low signal intensity on Tl -weighted images (e), shows moderate heterogeneous enhancement on early-phase images 
(/"), and demonstrates washout on late-phase images (g). 
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Fig. 2.141 (Continued) 





Fig. 2.142 Angiosarcoma. Fat-suppressed T2-weighted ETSE (a) and 90-s (b) and 10-min (c) postgadolinium SGE images. A 
2-cm angiosarcoma is present in the right lobe of the liver. The mass is well defined and largely hyperintense on the T2-weighted 
image (arrow, a) with a central region of low signal intensity due to hemorrhage. On the 90-s postgadolinium image (b), peripheral 
nodular enhancement is present. By lOmin after contrast (c), nodular enhancement has progressed centripetally, with a central 
nonenhanced area that corresponds to the region of hemorrhage on the T2-weighted image. Angiosarcomas mimic the appearance 
of hemangiomas. The presence of hemorrhage in this case is a common finding in angiosarcomas and rare in hemangiomas. Interval 
increase in size of this tumor is identified on a follow-up study obtained 1 month later, shown on fat-suppressed T2-weighted SS- 
ETSE image id). Increase in size of a second tumor is also present. Rapid growth is compatible with angiosarcomas and not with 
hemangiomas. A change in the signal intensity of the larger mass on the T2-weighted image (d) is also noted between studies 
because of aging of the central hemorrhage. 
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Fig. 2.143 Mesothelioma. Coronal (a) and transverse (b) 
T2-weighted SS-ETSE, SGE (c), and immediate id) and 90-s fat- 
suppressed (e) postgadolinium SGE images. There is a large mass 
that measures 120 mm localized in the right hepatic lobe that 
shows high signal intensity on T2-weighted image within strips 
with moderately low signal intensity (a, b). On precontrast Tl- 
weighted image, this mass exhibits low signal intensity. Intense 
predominantly peripheral enhancement is observed on early- 
phase images that tends to fill in at late-phase images. Note that 
multiple septations are well appreciated on late-phase images. 
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Septations demonstrate mild to moderate enhancement 
on early phase that tend to be more intense on delayed- 
phase images. Lack of central enhancement is common, 
reflecting central necrosis [222]. (See also Chapter 7, 
Peritoneal Cavity, on mesothelioma.) 

Epithelioid Hemangioendothelioma 

Epithelioid hemangioendothelioma (EHE) is a malig- 
nant, slow-growing vascular tumor, usually occurring in 
middle-aged patients. Females predominate over males 
in a 2-to-l ratio, and oral contraceptives have been 
implicated as possible causative agents in younger 
patients [223]. Pathologically, lesions tend to be multi- 
ple, tough, fibrous masses distributed throughout the 
liver. Microscopically, there is characteristically abun- 
dant stroma with scattered clumps of neoplastic cells 
invading sinusoids and vessels [2]. Tumors tend to be 
low-grade malignancies with a much more favorable 
prognosis than for angiosarcoma. EHE are moderately 
high signal on T2-weighted images and moderately 
low signal on Tl-weighted images and show a mild 
heterogeneous enhancement on early-phase images. 
The MRI findings described above are consistent with 
the predominance of stroma and relatively less con- 
spicuous areas of sinusoid and blood vessel infiltration 
by tumor cells [224]. EHE can also appear as moderately 
high signal intensity on T2-weighted images and mod- 
erately intense diffuse heterogeneous enhancement 
on immediate postcontrast images (fig. 2.144). This 
appearance is similar to that of hepatocellular carci- 
noma, particularly in tumors with aggressive growth 
patterns. 

Hepatoblastoma 

Hepatoblastoma is the most common primary malignant 
tumor of the liver in children and may occur from the 



newborn to adolescent period and rarely older. The 
tumor is most often detected by 3 years of age, with a 
median age of 1 year. Hepatoblastoma occurs more 
often in boys than in girls, with a ratio of 3:2. On gross 
inspection, hepatoblastoma is a solid, well-defined, 
occasionally lobulated mass surrounded by a pseudo- 
capsule. Although it is usually solitary, multiple lesions 
can be seen in less than 20% of cases. Areas of necrosis 
and calcifications are frequently present [225]. 

On MR imaging, hepatoblastoma resembles hepa- 
tocellular carcinoma in that the tumor shows diffuse 
heterogeneous enhancement on immediate postgado- 
linium images (fig. 2.145). 

Undifferentiated Sarcoma of the Liver 

Undifferentiated sarcoma of the liver (USL) is a rare 
mesenchymal tumor occurring most frequently in pedi- 
atric patients [226]. Pathologically, USL appears as a 
solitary, large mass with internal septations, commonly 
surrounded by a fibrous pseudocapsule. USL is mainly 
a solid tumor, with large cystic areas consistent with 
hemorrhage and necrosis. Histologically, USL demon- 
strates typically a myxoid stroma containing undifferen- 
tiated cells similar to embryonic cells [226-228]. 

On MRI, USL has a cystic appearance due to the 
presence of hemorrhagic and necrotic portions along 
with the high water content of myxoid stroma in the 
solid portion of the tumor [227, 228]. On T2-weighted 
images, USL is heterogeneously high signal intensity, 
and on Tl-weighted images the tumor is heteroge- 
neously low signal intensity. After gadolinium, solid 
areas enhance heterogeneously. Areas with lack of 
enhancement are consistent with hemorrhage or necro- 
sis. Septations may show mild or moderate enhance- 
ment on arterial dominant-phase images that persists on 
late-phase images (fig. 2.146) [227-230]. 





Fig. 2.144 Epithelioid hemangioendothelioma. Fat-suppressed T2-weighted ETSE (a), SGE (£>), and immediate (c) and 90-s 
fat-suppressed id) postgadolinium SGE images in an adult patient with epithelioid hemangioendotheliosarcoma. Extensive liver 
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Fig. 2.144 (Continued) involvement with a multifocal malignant epithelioid hemangioendotheliosarcoma is present. The 
tumor is heterogeneous and isointense to minimally hyperintense on the T2-weighted image (a). Regions of high signal intensity 
are present in the largest mass on the Tl-weighted image (£>). Enhancement is diffuse heterogeneous on the immediate postgado- 
linium image (c), with heterogeneous washout on the 90-s postcontrast image id). The MRI appearance of this epitheloid heman- 
gioendothelioma resembles HCC. 

Fat-suppressed T2-weighted SS-ETSE (e), SGE (/"), and immediate (g) and 90-s fat-suppressed (h) postgadolinium SGE images in 
a second patient. There are multiple focal rounded liver lesions, some of them confluent, that have moderately high signal intensity 
on T2-weighted images (e), moderately low signal intensity on Tl-weighed images (/"), and mild diffuse heterogeneous enhancement 
on early-phase images (g) that remains on late-phase images (h). Histopathology was epithelioid hemangioendothelioma. 
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Fig. 2.145 Hepatoblastoma. Fat-suppressed T2-weighted ETSE (a), Tl-weighted fat-suppressed SE (b), and Tl-weighted 90-s 
fat-suppressed SE (c) images in a 2-month-old boy. There is a large, slightly lobulated mass arising from the liver, which demonstrates 
slightly increased signal intensity on T2 (a), mildly decreased signal intensity on Tl(&), and mildly heterogeneous enhancement on 
interstitial-phase gadolinium-enhanced (c) images. Note that the mass displaces the celiac axis, the right kidney, aorta, inferior vena 
cava, and pancreas. 

Coronal T2-weighted SS-ETSE (d), transverse fat-suppressed T2-weighted ETSE (e), Tl-weighted fat-suppressed SE (/"), and 
immediate postgadolinium SE (g) images in a second (1-year old) patient with hepatoblastoma. There is a large mass arising from 
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Fig. 2.145 (Continued) the left hepatic lobe inferiorly, that demonstrates heterogeneous signal on T2 (d, e) and Tl (/") images. 
On the Tl -weighted image (/") there are also several focal areas of high signal consistent with hemorrhage. The tumor enhances in 
a diffuse heterogeneous fashion (g). 

Coronal T2-weighted SS-ETSE (h), coronal SGE (i), fat-suppressed T2-weighted SS-ETSE (/'), SGE (k), and immediate (/) and 
90-s fat-suppressed (m) postgadolinium SGE in a 14-year-old girl. There is a large tumor that is heterogeneous and moderately 
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Fig. 2.145 (Continued) hyperintense on T2 (h,f). The tumor shows diffuse heterogeneous enhancement on immediate post- 
gadolinium images (/), which fades by 90s (m). The central region does not enhance, consistent with fibrous tissue. 

Coronal T2-weighted SS-ETSE fat suppressed (n) and immediate (o) and 90-s fat-suppressed (p) postgadolinium SGE images. 
There is large exophytic lobular hepatic mass (12 cm in the longest axis) with mildly high signal intensity on T2-weighted 
images (n), moderately high signal intensity on Tl -weighted images (not shown), and heterogeneous enhancement on early-phase 
images (o) that becomes more homogeneous on late-phase images (p). Note the posterior displacement of the kidney by the mass. 

The most common primary liver malignancy changes from hepatoblastoma to hepatocellular carcinoma in the adolescent period 
between 14 and 16 years of age. This last patient is at the upper age range of hepatoblastoma. 
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Fig. 2.146 Undifferentiated sarcoma of the liver. Coronal T2-weighted SS-ETSE (a), SGE (fr), and immediate (c) and 90-s 
fat-suppressed id) postgadolinium SGE images. There is a large mass in the right hepatic lobe that measures 12 cm in the longest 
axis and demonstrates moderately high signal intensity on T2-weighted images (a) and moderately low signal intensity on Tl- 
weighted images (£>), and shows negligible enhancement on early-phase images (c) and moderate enhancement of the outer margin 
of the tumor on late-phase images id). At histopathology, the mass was undifferentiated sarcoma of the liver. 



Posttreatment Lesions 

Malignant liver lesions may be treated by a number of 
interventions, including surgical resection, radiation 
therapy, systemic chemotherapy, transcatheter arterial 
chemoembolization, ablative therapy, and liver trans- 
plantation [231-251]. The appearance of hepatic paren- 
chyma and malignant liver lesions after therapeutic 
interventions has been previously described [233-240, 
242, 244-248]. In the evaluation of posttreatment liver, 
the time course of benign posttreatment tissue changes, 
primarily tissue injury and development and maturation 
of granulation tissue, and the appearance of persistent 
or recurrent disease must be ascertained. Certain fea- 



tures of treatment-related changes depend on the form 
of therapy. The following discussion describes many of 
those features. 

Resection. Surgical removal with resection of 
negative margins remains the optimal therapy for 
primary and secondary liver tumors. However, only up 
to 25% of patients are eligible for curative resection 
[252-254]. 

Within the first 3-5 months after resection, the 
parenchyma and surgically resected margins often 
appear as high signal intensity on T2-weighted images 
and low signal intensity on Tl -weighted images and 
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display homogeneously mild to moderately increased 
enhancement on arterial dominant-phase images that 
fades to background parenchyma on interstitial-phase 
images [231, 255] (fig. 2.147). These focal areas reflect 
edema and granulation tissue in the liver parenchyma, 
and they may appear linear, circular, oval, or serpigi- 
nous in configuration [255]. 

Hyperplasia of the remaining liver may be appreci- 
ated as early as 3 months after surgery. Within 1 year, 
general enlargement of the remaining liver occurs. After 
right hepatectomy, hypertrophy of the medial segment 
may create the appearance of a pseudo-right lobe (fig. 
2.148). Magnetic susceptibility artifact, related to surgi- 
cal clips, is often present along the resection margin of 
the liver. 

After surgery, malignancy may recur along the 
margin of resection or separate focal lesions may 
develop in the remainder of the liver (figs. 2.149 and 
2.150) [2391. Tumor recurrence has an appearance 
similar to untreated malignant lesions. 

Postradiation Therapy. As with postradiation 
changes in other tissues and organ systems, the distinc- 
tion between benign and malignant disease usually can 
be made with certainty beyond 1 year after treatment. 
At this time point, benign disease usually exhibits 
regular or linear margins, low signal intensity on T2- 
weighted image, and mild or negligible enhancement 
on immediate postgadolinium images. In comparison, 
malignant disease tends to appear more irregular, 
nodular, or masslike, with moderately high signal inten- 
sity on T2-weighted images and moderate or intense 
enhancement on hepatic arterial dominant-phase 
images. Radiation changes generally exhibit linear 
margins that do not conform to segmental anatomy but 
rather conform to expected radiation portals. Within 
the first 3 months, radiation changes generally exhibit 
features of edema (i.e., moderately high signal on 
T2-weighted images and moderately low signal on Tl- 
weighted images). Beyond 3 months, radiation changes 
may show increased granulation tissue progressing to 
fibrosis (fig. 2.151). Often, immediate postcontrast 
images effectively define pathophysiological changes 
that reflect successful response or recurrence. 

Systemic Chemotherapy. A number of chemo- 
therapeutic agents are currently utilized in the treatment 
of focal liver malignancies. The number of agents and 
their cytotoxic effectiveness continue to progress dra- 
matically. The mechanisms of tumor cell control are 
complex and probably involve a number of pathways. 
However, studies have focused on the antiangiogenic 
activity of some of these agents. 

Tumor response after systemic chemotherapy is 
assessed by evaluating the number and size of the 



tumors before and after systemic chemotherapy. The 
time course and variation in imaging appearance of 
metastases that have responded to chemotherapy have 
not been fully elucidated. However, it has been reported 
that in after as little as 2 weeks of therapy there is a 
decrease in the tumor size and vascularity if tumor 
shows a good response [256]. 

We have previously described the appearance of 
liver metastases 2 to 7 months after initiation of chemo- 
therapy [82]. In that report, liver metastases became 
better defined and higher in signal intensity on T2- 
weighted images, showing peripheral nodular enhance- 
ment with progressive enhancement that remained on 
10-min delayed images (fig. 2.152). The appearance was 
considered to mimic that of hemangiomas. Explanations 
for this change in appearance are related to altered 
physiology and blood supply of metastatic tumors 
treated with chemotherapy. The less aggressive enhance- 
ment patterns of metastasis after chemotherapy might 
be ascribed to chemo-induced tumor antiangiogenesis 
(fig. 2.153). Continued resolution of metastatic lesions 
results in a progressive decrease in signal intensity on 
T2-weighted images and progressive decrease in con- 
trast enhancement (fig. 2.154). One report described the 
appearance of liver metastases treated by intravenous 
chemotherapy in 34 patients on serial MRI studies [234]. 
In that report, a good prognosis was associated with 
decreased signal intensity on T2-weighted images and 
increased signal intensity of the lesions on Tl -weighted 
images, essentially approaching the signal intensity of 
the liver. 

The vascularity of liver metastases, that is, hyper- 
vascularity and hypovascularity, can be assessed based 
on the degree of enhancement on arterial dominant- 
phase images (fig. 2.155). This is an important imaging 
feature since evidence points to a close association 
between tumor vascularity and patients' response to 
therapy. A prior study [142] demonstrated that breast 
cancer patients with persistently hypervascular liver 
metastases after systemic chemotherapy were more 
likely to have disease progression compared to patients 
whose liver metastases became hypovascular. 

The appearance of chronic healed metastases is 
comparable to the appearance of treated focal lesions 
of other causes, such as infection. The chronic healed 
phase of lesion response usually develops at least 1.5 
years after initiation of treatment. Chronic healed lesions 
possess an irregular, angular, polygonal margin fre- 
quently associated with retraction of surrounding liver 
parenchyma. In superficial lesions, capsule retraction 
may develop, creating a puckered appearance on 
imaging studies. Chronic healed lesions contain mature 
fibrous tissue that has a low fluid content and is hypo- 
vascular. These lesions appear as low signal intensity 
or isointensity on T2-weighted images and moderately 
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Fig. 2.147 Before and after liver resection. T2-weighted SS-ETSE (a, e), SGE (b), and immediate (c,/) and 90-s fat-suppressed 
(d, g) postgadolinium SGE images. The images before resection (a-d) show a 9-cm HCC in the right hepatic lobe. After resection, 
a small biloma is present (arrow, f). Note the heterogeneous mildly increased enhancement along the resection margin on early- 
phase images (/) that fades on late-phase images (g), features of early granulation tissue and mild inflammation. 
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Fig. 2.147 (Continued) 





Fig. 2.148 Liver regeneration after right hepatectomy. Coronal T2-weighted SS-ETSE (a) and immediate postgadolinium 
SGE (b) images. The lateral segment of the left lobe is enlarged and rounded in contour (a, b). Hypertrophy of the medial segment 
results in an appearance of a pseudo-right lobe (arrow, a). A relatively sharp resection margin is noted (arrow, b) with no abnormal 
tissue apparent. 

Transverse SGE (c) and immediate postgadolinium SGE id) images in a second patient with hypertrophy of the left liver lobe 
after right lobectomy. Note that the lateral segment of the left lobe is enlarged but there is a clear distinction between the liver 
and the spleen. 
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Fig. 2.149 Recurrent HCC. SGE (a), 45-s postgadolinium SGE (£>), and 90-s fat-suppressed postgadolinium SGE (c) images. This 
patient had previously undergone a left hepatic lobe resection for HCC. There are multiple lesions throughout the right lobe, all 
of which appear low signal on Tl -weighted images (a) and exhibit lesional enhancement after gadolinium (b, c), consistent with 
recurrent disease. Note the large volume of tumor along the resection margin consistent with incomplete excision. 

Immediate postgadolinium SGE (d) image in a second patient with a history of HCC, and left hepatectomy. There is a large 
mass that enhances heterogeneously on immediate postgadolinium images, consistent with recurrent HCC. The recurrence is along 
the resection margin, compatible with incomplete excision. Note the surgical clips along the liver edge from prior resection. 

T2-weighted fat-suppressed SS-ETSE (e), SGE (/"), and immediate (g) and 90-s fat-suppressed (h) postgadolinium SGE images in 
a third patient with recurrence of HCC after liver resection show similar findings. 
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Fig. 2.149 (Continued) 





Fig. 2.150 Recurrent metastases after resection. Echo-train STIR (a), SGE (b) and immediate postgadolinium SGE (c) images 
in a patient who has a history of colon cancer and previous resection of liver metastases. There is a small lesion that demonstrates 
moderately high signal on T2 (arrow, a), mildly low signal on Tl (b), and ring enhancement (arrow, c) after gadolinium administra- 
tion, consistent with a recurrent metastasis. Note the surgical clips (small arrows, c) adjacent to the lesion. 

Echo-train STIR (d), SGE (e), immediate postgadolinium SGE (/"), and 90-s fat-suppressed postgadolinium SGE (g) images in a 
second patient, who has a history of gastrointestinal stromal sarcoma and right hepatectomy 15 months earlier for liver metastasis. 
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Fig. 2.150 (Continued) There is a lesion in the left lobe that 
demonstrates high signal on T2 (d), low signal on Tl (e), lesional 
ring enhancement immediately after gadolinium administration 
(/"), and central progression of enhancement on the late image (g). 





Fig. 2.151 Liver metastasis from breast cancer after radiation. Coronal T2-weighted SS-ETSE (a), immediate (b), 45-s (c), 
and 90-s fat-suppressed id) postgadolinium SGE images, and sagittal 90-s fat-suppressed post gadolinium SGE image (e) in a patient 
with liver and bone metastases from breast cancer after breast radiation therapy. The left lobe of the liver is shrunken, causing 
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Fig. 2.151 (Continued) distortion in the normal hepatic 
architecture. The affected area shows isointensity on T2-weighted 
image (a), low signal intensity on Tl-weighted images (b), negli- 
gible enhancement on early-phase images (b) and 45-s images (c), 
and homogeneous increased enhancement on late-phase images 
id) compatible with fibrosis after radiation therapy. Note also the 
presence of bone metastasis in the sagittal plane (e). 



264 



Chapter 2 LIVER 





Fig. 2.152 Chemotherapy-treated metastases. Chemotherapy-treated liver metastases imaged within 7 months of therapy 
initiation. T2-weighted fat-suppressed ETSE image before (a) and 3 months after (£>) initiation of chemotherapy. On the pretreat- 
ment examination (a), two metastases (1 .5 cm and 1 cm) are evident in the dome of the liver. The metastases have slightly ill-defined 
margins and are moderately high in signal intensity. Three months after initiation of chemotherapy, the larger metastasis has 
decreased in size to 4 mm, has well-defined margins, and appears more hyperintense (£>). 

T2-weighted fat-suppressed SS-ETSE (c), SGE (d), and 90-s (e) and 10-min (/") postgadolinium SGE images in a second patient 
demonstrate two 4-cm metastases. The metastases are well-defined, moderately high in signal intensity on T2-weighted images (c), 
and moderately low in signal intensity on Tl -weighted image (d) and demonstrate peripheral irregular enhancement (e) that pro- 
gresses centripetally. The lesions appear hyperintense relative to liver with a low-signal intensity central scar at lOmin (/"). 

In both patients, the appearance of these subacute treated metastases (2-7 months after initiation of chemotherapy) mimics 
the appearance of hemangiomas. History of chemotherapy treatment for liver metastasis is critical to obtain in patients with lesions 
that resemble hemangiomas. 
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Fig. 2.152 (Continued) Echo-train STIR (g) and 45-s (h) and 90-s fat-suppressed (1) postgadolinium SGE images in a patient 
who has a history of liver metastases from breast cancer, treated with chemotherapy 2 years before this MR study. There is a lesion 
in the right hepatic lobe that demonstrates high signal on T2 (arrow, g), peripheral ring enhancement on the 45-s (/?), and complete 
fill-in on the delayed image (1), consistent with a subacute chemotherapy-treated metastasis with features suggestive of hemangioma. 
Note also multiple bone metastases (arrow, f). 

Echo-train STIR (/'), SGE (&), and immediate (/) and 45-s (m) postgadolinium SGE images in a patient who has liver metastases from 
ovarian cancer. A lobular lesion is present in the right hepatic lobe that demonstrates high signal on T2 (/'), low signal intensity 
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Fig. 2.152 (Continued) on Tl-weighted images (k), negligi- 
ble enhancement immediately after gadolinium administration (/), 
and small central nodules on the 45-s image (pi). 






Fig. 2.153 Metastases from breast cancer before and after chemotherapy. Coronal T2-weighted SS-ETSE (a), SGE (b), 
and immediate (c) and 90-s fat-suppressed (d) postgadolinium SGE images. Multiple lesions are seen throughout the liver that appear 
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Fig. 2.153 (Continued) moderately high signal intensity on T2-weighted images id) and moderately low signal intensity on 
Tl-weighted image (b) and show ring enhancement on early-phase image (arrow, c) that become less conspicuous on the late-phase 
image (d). Coronal T2-weighted SS-ETSE (e) and Tl-weighted SGE (/") and transverse immediate (g) and 90-s fat-suppressed (h) 
postgadolinium SGE images in the same patient after a course of cycles of chemotherapy. Only patchy enhancement on early-phase 
images can be appreciated (arrow, g). The remaining sequences are unremarkable. 
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Fig. 2.154 Metastases from breast cancer — after chemo- 
therapy. Echo-train STIR (a) and immediate (£>) and 90-s fat- 
suppressed (c) postgadolinium SGE images. There is a small lesion 
in the right lobe that exhibits high signal on T2 (arrow, a) and 
ring enhancement on the immediate postgadolinium image (b) 
that persists on the late image (c). High signal on T2-weighted 
images may be observed as an early response (<1 year) to 
chemotherapy. 




low signal intensity on Tl -weighted images. After con- 
trast, these lesions exhibit negligible early enhancement 
with progressive enhancement on later postcontrast 
images (fig. 2.156). 

The fibrotic process of chronic healed metastases 
may be very extensive in the presence of numerous 
liver metastases, such that a cirrhosis-type liver appear- 
ance may develop [238, 240]. This appearance is most 
commonly observed in breast cancer patients with a 
miliary pattern of hepatic metastases, who have subse- 
quently shown a salutary response to chemotherapy 
(fig. 2.157). 

During the course of chemotherapy, lesions develop 
acute granulation tissue that may mask the appearance 
of coexistent viable tumor. Successful resolution of 
metastases should not be considered until lesions are 
in the chronic healed phase. 

Transcatheter Arterial Chemoembolization. 

Chemoembolic therapy is based on the pathophysio- 
logic premise that hypervascular malignant tumors 
receive a disproportionately greater blood supply from 



hepatic arteries than surrounding intact liver and thus 
cytotoxic agents are preferentially delivered to malig- 
nant cells (figs. 2.158-2.162) [242]. Within 1 month after 
chemoembolization, complete response is demonstrated 
by the lack of enhancing tumor stroma. In one report 
[232], 27 tumors treated with chemoembolization were 
low in signal on T2-weighted image and showed lack 
of enhancement after contrast administration. All of 
these tumors were necrotic at biopsy. Partial response 
shows increased signal intensity on T2-weighted images 
and enhancement on immediate postgadolinium images 
of residual tumor (fig. 2.163). Substantial variation does 
occur, reflecting variation in the degree of response and 
the time course of healing. One series correlated serial 
changes of liver lesions on T2, Tl, and dynamic post- 
gadolinium images before and after chemoembolization 
(figs. 2.158 and 2.160) [257]. On pretreatment MR 
studies, homogeneous intense enhancement on hepatic 
arterial dominant-phase images combined with small 
malignant lesion size were the best predictors of suc- 
cessful response. Lesions that showed good response 
became low signal on T2-weighted images immediately 



DISEASE OF THE HEPATIC PARENCHYMA 



269 





Fig. 2.155 Colon cancer metastases after chemotherapy. 

SGE (a), out-of-phase SGE (£>), and immediate postgadolinium SGE 
(c) images. Chemotherapy-treated metastases are present that 
demonstrate low signal on Tl -weighted image (a) and near-isoin- 
tense enhancement immediately after gadolinium administration 
(c). Near-isointense enhancement is a feature observed in chemo- 
therapy-treated metastases. Fatty infiltration of the liver (£>) may 
reflect a response to the metastases or may be secondary to che- 
motherapy. Note that the liver metastases are conspicuous as 
high-signal lesions in a suppressed background of fatty liver on 
out-of-phase images (b). 
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Fig. 2.156 Liver metastases, chronic (11 years) after chemotherapy treatment. T2-weighted fat-suppressed ETSE (a) and 
immediate postgadolinium SGE (£>) images. A 7-mm lesion is present in the right lobe of the liver that is minimally hyperintense 
on the T2-weighted image (arrow, a) and demonstrates negligible enhancement on the immediate postgadolinium SGE image 
(arrow, b). 
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Fig. 2.157 Chronic treated metastases simulating cir- 
rhosis. Non-contrast Tl -weighted fat-suppressed 3D-gradient 
echo (a), immediate (b) and 2 min (c) postgadolinium fat-suppressed 
3D gradient echo images. The liver has an irregular contour and 
contains numerous angular-marginated focal lesions, many with 
adjacent linear stranding, and some associated with capsule retrac- 
tion. The lesions are low signal intensity on Tl -weighted images 
(a) and show negligible enhancement on early (b) and late (c) 
postgadolinium images, consistent with focal masses of low bio- 
logical activity. The appearance of these lesions is diagnostic for 
chronic fibrotic lesions, in this case, chronically fibrosed breast 
cancer liver metastases. The background hepatic fibrosis that may 
develop in patients who have breast cancer with chronically 
treated liver metastases, reflects a marked fibrogenic response, 
and may simulate the appearance of hepatic cirrhosis. Clinical 
history and the presence of numerous larger angular marginated 
defects (the latter may not always be present) establishes the 
correct diagnosis. 






Fig. 2.158 Liver metastases, before and after chemoembolization. SGE (a) and immediate postgadolinium SGE (b) images 
before chemoembolization and immediate postgadolinium SGE image (c) 1 month after chemoembolization. On the pretreatment 
images (a, b), an 8-cm tumor and multiple tumors <2.5 cm are present throughout the liver. Prominent ring enhancement is present 
in these tumors (b). One month after chemoembolization (c), lesions have decreased in size and number and mural enhancement 
has markedly diminished. 
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Fig. 2.158 (Continued) T2-weighted fat-suppressed ETSE (d) 
and immediate (e) and 45-s (/") postgadolinium SGE images in a 
second patient before chemoembolization. This patient with recur- 
rent fibrolamellar HCC possesses multiple liver lesions that are 
moderately high in signal intensity on T2-weighted images (arrow, 
d), show intense uniform enhancement immediately after gado- 
linium administration (arrow, e), and fade rapidly to isointensity 
with liver by 45 s (/"). Immediate postgadolinium SGE image 
acquired 1 month after chemoembolization (g) shows complete 
lack of enhancement of the lesion, which now has polygonal 
angular margins (arrow, g), consistent with scarring. 





Fig. 2.159 Metastases from gastrinoma — before and 
after chemoembolization. Echo-train STIR (a) and immediate 
(b) and 90-s fat-suppressed (c) postgadolinium SGE images. There 
is a large mass in the right hepatic lobe that demonstrates high 
signal on the T2-weighted image (a) and moderate enhancement 
on the early-phase image (£>) with washout on the late-phase image 
(c), consistent with a hypervascular metastasis. 

Echo-train STIR (d), SGE (e), and immediate (/") and 90-s fat- 
suppressed (g) postgadolinium SGE images after chemoemboliza- 
tion. The lesion has decreased slightly in size, with the most 
prominent feature being lack of enhancement on the immediate 
postgadolinium image (/"). Note a thin rim of enhancement 
on early (/> and late (g)-phase images. A distinctive feature of 
chemoembolization-treated lesions is the relatively low signal on 
T2-weighted images immediately after treatment, reflecting devas- 
cularization. Most other treatments methods result in increased 
signal on T2-weighted images in the acute phase. 








Fig. 2.160 Metastasis from carcinoid — before and after chemoembolization. T2-weighted fat-suppressed ETSE (a), SGE 
(b), and immediate postgadolinium SGE (c) images. A 4-cm metastasis is present in the right lobe and a second 4-cm lesion in the 
lateral segment. They appear moderately high signal intensity on T2-weighted image (a) and moderately low signal intensity on 
Tl -weighted image (b) and show intense enhancement on early-phase image (c). 

SGE id) and immediate (e) and 45-s (/") postgadolinium SGE images in the same patient after chemoembolization. Note that 
the lesion has decreased in size and shows minimal enhancement on the immediate postgadolinium image (e), with progressive 
enhancement on later images. This enhancement pattern is consistent with fibrosis. Note the large metal artifact in the porta hepatis 
that represents a metal coil placed at the time of chemoembolization. 
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Fig. 2.161 HCC and chemoembolization. Echo-train STIR (a), out-of-phase SGE (£>), and 45-s (c) and 90-s fat-suppressed (d) 
postgadolinium SGE images. A rounded lesion is seen in the left hepatic lobe that demonstrates minimal high signal intensity on 
T2 (a), minimal low signal intensity with a high signal rim on Tl (£>), capsular enhancement after gadolinium (c, d) with lack of 
tumor enhancement. The combination of isointensity on T2 with lack of central enhancement on postgadolinium Tl -weighted 
images is consistent with devascularization of tumor, which occurs after chemoembolization. 

SGE (e), immediate postgadolinium SGE (/"), and 90-s fat-suppressed postgadolinium SGE (g) images in a second patient. There 
is an oval lesion located in the right hepatic lobe that shows decreased signal intensity centrally and increased signal intensity 
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Fig. 2.161 (Continued) peripherally on the noncontrast Tl- 
weighted image (e). On the immediate postgadolinium image 
(/"), there is intense enhancement with well-defined margins 
anterior to the ablation site. This persistent tumor washes out and 
shows late capsule enhancement on interstitial phase images (g). 
The central devascularized ablation site does not enhance on 
early or late postcontrast images. The high-signal material on 
the precontrast Tl -weighted image (e) represents extracellular 
methemoglobin . 




Fig. 2.162 HCC after chemoembolization — poor response. Echo-train STIR (a), SGE (£>), out-of-phase SGE (c), and immedi- 
ate (d) and 90-s fat-suppressed (e) postgadolinium SGE images. There are two rounded lesions that are mildly high signal on T2 (a) 
and minimally low signal on Tl (£>) and demonstrate intense heterogeneous enhancement immediately after gadolinium (d), with 
washout and capsular enhancement on the late image (e), consistent with HCC. Note that one of the lesions demonstrates a small 
focus (arrow, c) that exhibits signal drop on the out-of-phase image, consistent with fat. 
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Fig. 2.162 (Continued) SGE (/"), out-of-phase SGE (g), imme- 
diate postgadolinium SGE (If), and 90-s postgadolinium fat- 
suppressed SGE (0 images in the same patient 7 months later. 
Note the increased size of the lesions. The lesions demonstrate 
diminished enhancement on early (h) and late (0 images, reflect- 
ing central desvascularization from chemoembolization. 
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Fig. 2.163 Partial response of HCC after chemoembolization. Echo-train STIR (a), SGE (£>), and immediate (c, d) and 90-s 
fat-suppressed (e) postgadolinium SGE images. There is a huge mass that shows high signal intensity on T2-weighted image (a) and 
low signal intensity on Tl -weighted image (&). Immediately after gadolinium, it shows intense heterogeneous enhancement (c) with 
large regions of low signal centrally within the tumor consistent with necrosis, reflecting a partial response to chemoembolization. 
On a higher tomographic section, a small satellite HCC (arrow, d) is present, which demonstrates intense uniform enhancement. 
T2-weighted fat-suppressed SS-ETSE (/"), SGE (g), and immediate (h) and 90-s fat-suppressed (i) postgadolinium SGE images in 
a second patient. There is a lesion mainly on the left lobe of the liver that shows moderate high signal intensity on T2-weighted 
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Fig. 2.163 (Continued) image (/"), low signal intensity on Tl- 
weighted image (g), and a partial enhancement on early-phase 
image (h) that washes out on late-phase image (/')• The enhanced 
portion corresponds to viable tumor and the nonenhanced area 
to necrosis. 




after treatment, reflecting the devascularization of tumor. 
Low signal intensity on T2-weighted images early after 
therapy is distinctive for chemoembolization. This 
differs from local therapy techniques (e.g., RF ablation), 
which result in high T2 signal early after therapy. The 
best indication of good response is negligible enhance- 
ment on hepatic arterial dominant-phase images after 
chemoembolization. 

Ablative Therapies. Radiofrequency (RF) abla- 
tion, cryoablation, ethanol ablation, microwave abla- 
tion, and laser ablation are alternative methods to treat 
focal liver malignancies when curative resection is not 
feasible (figs. 2.164-2.166) [235]. 

Successful treatment occurs when the entire tumor 
is destroyed with mild injury of the surrounding paren- 
chyma. The best predictor of successful ablation is the 
size of the necrotic cavity after intervention. The ablated 
area must exceed the tumor margins by approximately 
1.0 cm [258]. Over time, the ablated zone might either 
regress in dimensions or retain similar size to pretreat- 
ment [259, 260]. Small necrotic areas may disappear 



completely. Enlargement of the ablated area on follow- 
up examinations is suggestive of unsuccessful interven- 
tion [261, 262]. 

Up to 1 week after ablation, the signal intensity on 
T2- weighted and Tl -weighted images is determined by 
the stage of hemorrhage and the presence of either 
liquefactive or coagulative necrosis [259, 262, 263]. In a 
successful procedure, lack of contrast enhancement is 
observed. Initially after intervention, an ill-defined per- 
ilesional rim is often observed, measuring up to 1 cm in 
thickness, that appears mildly high signal intensity on 
T2-weighted images and exhibits moderate to intense 
enhancement on arterial dominant-phase images [259, 

262, 263]. The thickness of this perilesional rim regresses 
over time in successfully treated lesions, which addi- 
tionally shows decrease in the extent of enhancement 
on early-phase images and gradually disappears by 6 
months after ablation (figs. 2.167 and 2.168) [258, 260, 

263, 264]. At histopathology, the perilesional rim cor- 
responds to intense inflammatory reaction and hemor- 
rhage, which gradually are replaced by granulation 
tissue [258, 263, 265]. 
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Fig. 2.164 Radiofrequency ablation. SGE (a), 45-s postgadolinium SGE (£>), and 90-s postgadolinium fat-suppressed SGE (c) 
images in a patient, who has a history of a liver metastasis from retroperitoneum leiomyosarcoma that has been treated with radio- 
frequency ablation. There is a rounded lesion in the right hepatic lobe that demonstrates low signal on Tl (a), negligible enhance- 
ment immediately after gadolinium administration (£>), and a thin rim of enhancement on the late image (c). Note that the track of 
the radiofrequency probe is visible as a linear defect extending from the liver surface to the lesion (arrows, a). 

Echo-train STIR (d), SGE (e), and immediate (/") and 90-s fat-suppressed (g) postgadolinium SGE images in the same patient 2 
months later. More lesions are appreciated in the hepatic parenchyma. The largest lesion, which was present on the first exam, 
demonstrates diffuse heterogeneous enhancement on the immediate postgadolinium image (/") that persists on the later image (g), 
in comparison to the findings from the earlier study in which no central lesion enhancement was observed. Note the presence of 
perilesional enhancement on the immediate postgadolinium image (/"). 
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Fig. 2.164 (Continued) 






Fig. 2.165 HCC before and after RF ablation. SGE (a), out-of-phase SGE (&), and 90-s postgadolinium fat-suppressed SGE 
(c) images. There is an HCC in the right hepatic lobe that is isointense on Tl (a), contains a central focus that drops in signal on 
out-of-phase (&), and demonstrates heterogeneous enhancement on interstitial-phase images. The central focus that loses signal on 
out-of-phase represents fat. 

T2-weighted fat-suppressed SS-ETSE (d), SGE (e), out-of-phase SGE (/"), 45-s postgadolinium SGE (g), and 90-s postgadolinium 
fat-suppressed SGE (h) images in the same patient 5 months later, after radiofrequency ablation. The HCC has increased in size, is 
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Fig. 2.165 (Continued) mildly hypointense on T2 id) and 
mildly hypertense on Tl (e), and contains a small focus that drops 
in signal on out-of-phase image (arrow,/). After gadolinium admin- 
istration, there is a thin rim of enhancement surrounding the 
entire lesion, with lack of enhancement of the majority of the 
lesion on early (g) and late (h) images. A mural nodule (arrow, g) 
is present along the lateral wall of the lesion that demonstrates 
moderate contrast enhancement consistent with residual tumor. 
T2-weighted fat-suppressed SS-ETSE (i), SGE (/'), and immedi- 
ate (k) and 90-s fat-suppressed (/) postgadolinium 3D-gradient 
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Fig. 2.165 (Continued) echo images obtained after RF abla- 
tion. The central portion of the lesion is hyperintense signal on 
T2 (arrow, i) and intermediate signal on Tl -weighted precontrast 
(/'), but with enhancement on immediate phase (arrow, &) 
and washout on late phase (/), consistent with residual/recurrent 
tumor. 






Fig. 2.166 HCC before and after RF ablation. Echo-train STIR (a), SGE (&), immediate postgadolinium SGE (c), and 90-s 
postgadolinium fat-suppressed SGE id) images. There is a small lesion in the right hepatic lobe that is near isointense on T2 (a) 
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Fig. 2.166 (Continued) and Tl (b) images and demonstrates early heterogeneous enhancement (c) and late washout with 
capsule enhancement (d), consistent with a small HCC. Immediate (e) and 45-s (/") postgadolinium SGE images in the same patient 
1 week after radiofrequency ablation show a necrotic lesion with thick ring enhancement on the 45-s postcontrast administration 
image (/"). Immediate postgadolinium SGE (g) and 90-s postgadolinium fat-suppressed SGE (h) images 2 months after radiofrequency 
ablation. In the interval, a soft tissue mass (arrow, g) has developed on the lateral aspect of the tumor consistent with recurrence. 
The recurrent nodule shows moderate enhancement on the immediate postgadolinium images (g) with heterogeneous washout at 
90s®. 
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Fig. 2.166 (Continued) Echo-train STIR (0, SGE (/), and 
immediate (k, I) and 90-s fat-suppressed (m) postgadolinium SGE 
images in a second patient. There is a lesion in segment 6 of the 
right hepatic lobe that demonstrates isointensity on T2 (i), hyper- 
intensity on Tl (/'), and negligible enhancement immediately after 
administration of gadolinium (k, I), consistent with a hemorrhagic 
nonviable lesion after RF ablation. Note the puckering of the liver 
capsule adjacent to the lesion along the track of the radiofre- 
quency probe. A small satellite lesion (arrow, &) has developed in 
the interval between radiofrequency ablation and this MR study. 
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Fig. 2.167 HCC before and after RF ablation— early changes. T2-weighted SS-ETSE (a, e), SGE (b,f), and immediate (c, g) 
and 90-s fat-suppressed (d, ft) postgadolinium SGE images. Before RF ablation (a-d), a lesion is appreciated in the right hepatic lobe 
that shows mildly high signal intensity on T2-weighted image (a), mildly low signal intensity on Tl -weighted image (b), and intense 
enhancement on early-phase image (d) that fades with capsule enhancement on late-phase image (d), consistent with an HCC. At 
1 week after RF ablation (e-ft), the ablated area demonstrates isointensity on T2-weighted image (e), high signal intensity on Tl- 
weighted image (/"), and lack of enhancement on early (g> and late (Z?)-phase images. Surrounding the ablated area, there is 
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Fig. 2.167 (Continued) a parenchymal reaction due to the intervention, and it demonstrates high signal intensity on T2- 
weighted image (e), low signal intensity on Tl-weighted image (/"), and moderate enhancement on early-phase image (arrow, g) 
that fades on late-phase image (h). This inflammatory reaction is normal early after RF ablation. 





Fig. 2.168 Liver metastases after cryotherapy — acute changes. Transverse 90-s postgadolinium SGE images (a, b) in two 
patients. In the first patient (a), a cryotherapy defect is present in the right lobe (arrow, a) that has a uniform-thickness enhancing 
wall in continuity with enhancing liver capsule of similar thickness. In the acute stage, this appearance is compatible with tumor 
ablation and formation of acute granulation tissue along the cavity wall. The oblong shape of the defect corresponds to the direc- 
tion of placement of the cryotherapy device. In the second patient (b), a cryotherapy tract (thin white arrow, b) is noted in con- 
tinuity with a necrotic cavity. Portions of the cavity wall are thick and irregular (large white arrow, b). A second cryotherapy defect 
is noted in a more anterior location (black arrow, b). The cavity wall is thick and irregular. The presence of thick irregular walls 
after treatment is consistent with persistent disease. 



The presence of a nodular focus distorting the 
internal contour within the ablated area is indicative 
of residual or recurrent tumor [258, 259, 263, 266]. 
Residual or recurrent tumor shows moderately high 
signal intensity on T2-weighted images and moderate 
to intense enhancement on arterial dominant-phase 
images, which may persist on late-phase images 
(fig. 2.169). 



Gas bubbles present within the necrotic cavity 
immediately after the intervention are a common feature 
and tend to disappear within the first month [264, 267, 
268]. Gas bubbles appear signal void on both T2- and 
Tl-weighted images and show lack of enhancement 
after contrast administration. 

Perfusional parenchymal abnormalities may be seen 
after ablation, and they may be due to arterial-venous 
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Fig. 2.169 Liver metastases after cryotherapy — chronic changes with recurrent disease. Immediate (a) and 10-min (b) 
postgadolinium SGE images. A large wedge-shaped defect is present in the superior aspect of the liver that enhances minimally on 
the immediate postgadolinium image (a) and shows delayed enhancement at lOmin (£>). This enhancement pattern is consistent 
with fibrosis. Focal irregular regions of soft tissue are identified within the wedge-shaped tissue (arrow, a) that represent recurrent 
adenocarcinoma . 



shunts or obstructed vascular structures. Often, the per- 
fusional abnormalities vanish by 1 month after the pro- 
cedure [264, 269]. On MRI, perfusional abnormalities are 
seen as wedge-shaped enhancing areas on early-phase 
images that fade on late-phase images. 



HEPATIC TRANSPLANTATION 

Liver disease is the tenth leading cause of death in the 
United States, and transplantation has become the treat- 
ment of choice for end-stage disease [270]. Major recent 
advances and technical progress in liver surgery and 
transplantation have been based, in large part, on 
improved understanding of the internal architecture of 
the liver. Toward this end, MRI provides valuable infor- 
mation for preoperative and postoperative liver evalu- 
ation of both donors and recipients. The increased 
utilization of adult-to-adult living related hemi-liver 
donation has resulted in an increased role for MRI in 
the preoperative evaluation, reflecting the comprehen- 
sive nature of the information provided by MRI. Donors 
may undergo a liver MR protocol with MRCP and MRA 
(figs. 2.170-2.172). The usual surgical procedure 
involves resecting the right lobe for donation and retain- 
ing the left lobe in the donor. The resection plane is 
approximately 1 cm into the right lobe from the middle 
hepatic vein and extends inferiorly to the bifurcation 
between the right and left portal veins [271], so that the 
donor retains the middle hepatic vein. Evaluation is 
made of relative size of right and left lobes and anoma- 
lies of the biliary or vascular system. Contraindications 



for transplant include focal mass lesions, depending on 
size and type (e.g., malignant), or preexistent diffuse 
liver disease that may be the same type as that in the 
recipient (e.g., chronic hepatitis, primary sclerosing 
cholangitis). After surgery, donors are assessed for sur- 
gical complications of transplantation (e.g., abscess, 
biloma, transection or stenosis of vessels on bile duct) 
and for hypertrophy of the left lobe (figs. 2.173 
and 2.174). 

In recipients, preoperatively, patency of the inferior 
vena cava, portal vein, hepatic artery, and common bile 
duct are evaluated, and the presence of malignant 
disease is determined. Patients with malignant tumors 
evaluated for possible transplantation are evaluated for 
extent of hepatic involvement and for the presence of 
porta hepatis nodes or distant disease. Recipients may 
receive living related partial livers (lateral segment for 
small pediatric patients, right lobe for adult-to-adult 
recipients) (fig. 2.175) or cadaveric whole or partial 
livers (fig. 2.176). 

The most common cause of early liver graft failure 
is rejection. The incidence of rejection is as high as 64% 
in some published series [272]. Early diagnosis is essen- 
tial to allow modification of immunosuppressive therapy 
[273]. The differential diagnosis of rejection includes 
biliary obstruction, cholangitis, ischemic injury, viral 
infection, and drug toxicity. 

Vascular complications are important causes of graft 
failure [274, 275]. Hepatic artery thrombosis is the most 
frequent and severe complication, occurring in up to 
12% of adult patients [276, 277]. Hepatic artery patency 
can be documented by MRI in most cases. Technical 
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Fig. 2.170 Liver donor MRA. Coronal 3D gradient-echo 2-mm source image id) and MIP reconstruction of the 2-mm 3D 
gradient-echo sections Qf) in two different patients show the hepatic artery arising from the celiac axis. 




Fig. 2.171 Liver donor MRA — replaced right hepatic 
artery. Coronal 3D gradient echo 2-mm source images (a, b) and 
MIP reconstruction of the 2-mm 3D gradient-echo sections (c) 
images that demonstrate the left hepatic artery arising from the 
celiac trunk (short arrows, b, c) and the right hepatic artery 
(curved arrows, a, c) arising from the SMA. 
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Fig. 2.172 Liver donor evaluation before transplant. 

Coronal 3D gradient-echo 2-mm source image (a), source image 
from a MRCP study (b), and transverse SGE image (c) demonstrate 
three MR techniques used to evaluate liver donors: MRA, MRCP, 
and tissue imaging sequences. 





Fig. 2.173 Hemi-liver donor after transplant. Coronal T2-weighted SS-ETSE (a), SGE (&), and immediate (c) and 90-s fat- 
suppressed id) postgadolinium SGE images with an unremarkable examination of the retained left lobe after right hemiliver 
donation. 





Fig. 2.173 (Continued) 





Fig. 2.174 Ischemic changes. Immediate postgadolinium image (a) in a lateral segment liver donor patient demonstrates 
heterogeneous areas with diminished enhancement in segment 4 (arrows), reflecting postsurgical injury. 

T2-weighted fat-suppressed SS-ETSE (£>), and immediate (c), 45-s (d), and 90-s fat-suppressed (e) postgadolinium SGE images 
in a second patient. There is an irregular area in the periphery of the right lobe of the liver that is not evident on T2-weighted 
image (b) or on early-phase image (c) but becomes evident on 45-s image (d), reflecting greater contrast between the enhanced 
normal parenchyma and the nonenhanced ischemic portion. On late-phase image, a stricture in the right hepatic vein is appreciated 
(arrow, e). 
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Fig. 2.175 Transplanted liver recipient — lateral segment; and left lobe in a donor. T2-weighted fat-suppressed SS-ESTE 
(a) and SGE Qf) images in a pediatric patient who had undergone liver transplantation of a lateral segment 6 years earlier. The liver 
has developed a rounded configuration through hyperplasia. Note a percutaneous biliary drain (arrow, a). 

Coronal T2-weighted SS-ETSE (c), SGE (d), and immediate (e) and 90-s fat-suppressed (/") SGE images in a second patient. Along 
the resection margin, there is an abnormal area that shows higher signal intensity on T2-weighted image (c) and demonstrates a 
faint enhancement after contrast (e, f) compatible with inflamation and granulation tissue. 
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Fig. 2.176 Cadaveric liver transplant recipient. Echo 
train-STIR (a), SGE Qf) and 90-s postgadolinium fat-suppressed SGE 
(c) images in a patient after transplant of a cadaveric liver. The 
liver showed normal signal without evidence for mass lesions or 
abnormal enhancement. No perihepatic fluid is identified. Note 
the clip artifacts in the porta hepatis and adjacent to the IYC, 
which are observed in patients with cadaveric liver transplant. 




modifications of the gadolinium-enhanced 3D MRA 
technique to demonstrate small-vessel stenosis is under- 
going continued refinement. One report that compared 
3D gadolinium-enhanced MR angiograms with conven- 
tional angiography and surgery found that gadolinium- 
enhanced 3D MRA achieved accurate results in 58 (94%) 
of the 62 vessels analyzed [278]. Breathing-arrested pro- 
tocols have recently been developed and show promise 
in examining for patency of the hepatic artery in 
patients, especially young children, who are unable to 
suspend respiration for a high-quality breath-hold MRA 
examination. High-spatial-resolution noninvasive arte- 
rial studies of small vessels are at present best per- 
formed with multidetector CT. The incidence of venous 
complications — portal vein and inferior vena cava 
thrombosis/stenosis — is lower than that of arterial com- 
plication [274-276]. Portal vein and IVC patency can 
be diagnosed reproducibly on MR images (fig. 2.177) 
[278, 2791. 

Fluid collections are commonly observed after 
hepatic transplantation and include hematomas (figs. 
2.178 and 2.179), seromas, bilomas (fig. 2.180), abscesses, 
and simple ascites. Bile leaks may develop at the anas- 



tomosis for technical reasons or may be secondary to 
bile duct necrosis in those patients with hepatic artery 
thrombosis [276]. 

Strictures of the biliary tree are often a late compli- 
cation of liver transplantation and usually occur at the 
anastomosis secondary to scar formation. Stenosis or 
obstruction of the biliary tree (fig. 2.181) may be shown 
with techniques that render bile low in signal, high in 
signal (MR cholangiography), or a combination of both. 
Mucocele of the cystic duct remnant is a rare cause of 
biliary obstruction and may appear as a focal fluid col- 
lection adjacent to the hepatic duct [276, 280]. MRI is 
able to distinguish between hematomas and other fluid 
collections in hepatic transplants. In the acute phase 
(7-72 h), deoxyhemoglobin has distinctive very low 
signal on T2-weighted images. In the period spanning 
several days to several months after surgery, intra- or 
extracellular methemoglobin in subacute hematoma is 
higher in signal on Tl -weighted images than other fluid. 

Periportal signal abnormalities are frequently pre- 
sent in transplanted livers. The typical appearance is 
tissue that is low in signal intensity on Tl -weighted 
images and high in signal intensity on T2-weighted 
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Fig. 2.177 Hepatic transplant — portal vein complications. Immediate postgadolinium SGE image (a) demonstrates dilata- 
tion of the right portal vein secondary to anastomotic stenosis. 

Tl -weighted SE (£>) and interstitial-phase gadolinium-enhanced Tl -weighted fat-suppressed SE (c) images in a pediatric patient 
with a trisegmental transplant. Patent hepatic arterial graft (small arrows, b) and biliary ducts (long arrow, b) are evident. There is 
no evidence of a patent portal vein. Enhancing inflammatory tissue is present in the porta hepatis and in the expected location of 
the portal vein (long arrow, c). 

Echo train-STIR (d), SGE (e), and immediate postgadolinium SGE (/") images in a 6-year-old girl, 14 months after transplant. 
There is an abnormal decreased signal intensity seen in the distal right portal vein (arrows,/) on the post-contrast image with slight 
expansion of the portal vein and patchy enhancement to this segment of the liver. These features are consistent with thrombosis 
of the right portal vein. Note also that mild intrahepatic ductal dilatation is present id). 





Fig. 2.177 (Continued) Immediate (g) postgadolinium SGE images in a fourth patient who has a stricture of the portal vein 
distal to its bifurcation (arrow, g). 

Breathing-arrested postgadolinium 3D-gradient echo at 3T in an infant demonstrates extremely narrowed but patent portal vein (If). 




Fig. 2.178 Hematoma in recipient. Coronal SGE (a) and transverse immediate postgadolinium SGE (b) images in a patient 
who is the recipient of a right hepatic lobe transplant. There is a perihepatic fluid collection (arrows, a, b) that demonstrates a 
high-signal peripheral rim on noncontrast Tl-weighted images (a), consistent with hematoma. 

T2-weighted SS-ETSE (c), SGE (d), and 90-s fat-suppressed (e) postgadolinium SGE images in a second patient after liver 
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Fig. 2.178 (Continued) transplantation. There is a subcapsu- 
lar collection characterized by heterogeneous mild/moderate high 
signal intensity on T2-weighted image (c), low signal intensity on 
Tl-weighted image id) and this capsular enhancement on late- 
phase image (e) consistent with a contained hemorrhage. 





Fig. 2.179 Liver laceration and hematoma after liver transplant. Coronal T2-weighted SS-ETSE (a) and Tl-weighted SGE 
(b) and transverse immediate (c) and 90-s fat-suppressed id) postgadolinium SGE images. There is a linear laceration in the inferior 
portion of the liver associated with a hematoma. 
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Fig. 2.180 Biloma after transplant. T2-weighted SS-ETSE (a) and SGE (b) images in a living-related right hemiliver donor after 
transplant. There is a fluid collection (arrow, a) along the resection margin of the liver that demonstrates high signal on T2-weighted 
(a) and low signal on Tl -weighted (b) images, consistent with biloma. 

Coronal T2-weighted SS-ETSE (c), coronal SGE (d), transverse SGE (e), and immediate (/") and 90-s fat-suppressed (g) post- 
gadolinium SGE images in the same patient 3 months after the prior exam. Note the resolution of the biloma. 
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Fig. 2.180 (Continued) T2-weighted SS-ETSE (h), SGE (i), and 90-s fat-suppressed (/') postgadolinium SGE images in a liver 
recipient patient demonstrate an elongated subcapsular fluid collection consistent with a biloma. 

T2-weighted SS-ETSE (&), out-of-phase SGE (/), and immediate (m) and 90-s fat-suppressed (n) postgadolinium SGE images in a 
liver recipient. A subcapsular biloma along the resection margin is present. Additionally, there are fatty spared regions shown on 
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Fig. 2.180 (Continued) out-of-phase image that exhibit faint increased enhancement on early-phase image (m) and remain 
slightly higher signal on late-phase image (n). Enhancement differences likely reflect fat suppression effects of the fatty liver. 
Consideration must always be made of whether enhancement variations reflect true enhancement phenomena or reflect the use 
of concomitant fat suppression on some or all postcontrast sequences. 

Coronal T2-weighted SS-ETSE (o), SGE (p), and immediate (q) and 90-s fat-suppressed (r) postgadolinium SGE images in a fourth 
patient demonstrate a biloma along the resection margin. 
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Fig. 2.181 Liver transplant, biliary duct stenosis. Transverse 90-s postgadolinium fat-suppressed SGE image (a). Dilatation 
of the common hepatic duct (arrow, a) is present, secondary to anastomotic stenosis. 

Coronal T2-weighted SS-ETSE (£>), SGE (c) and 90-s postgadolinium fat-suppressed SGE id) images in a second patient. There is 
an anastomotic stricture associated with a filling defect within the common bile duct suggestive of sludge ball or stone (arrow, b, 
c). Note the mild intrahepatic biliary ductal dilatation (£>). The findings were confirmed by ERCP. 



images. Abnormal tissue is most substantial in the porta 
hepatis and extends along the branching portal tracts 
into the liver parenchyma (fig. 2.182) [281]. In many 
cases, periportal signal abnormalities may represent 
lymphocytic infiltration due to rejection; however, other 
causes such as dilated lymphatics due to impaired drain- 
age after surgery must be considered [282]. Beyond the 
immediate transplant period, expansion of the peripor- 
tal tissue in a masslike fashion may be a harbinger of 
posttransplant lymphoproliferative disorder (PTLD) (fig. 
2.183) [283, 284]. PTLD occurs in transplant recipients 
whose immune systems are compromised. Most cases 
can be linked to infection with Epstein-Barr virus and 
may involve any organ in the body [283, 284]. Liver, 
small bowel, and kidney are the most common extra- 
nodal abdominal organs involved with PTLD [283]. 



PTLD is varied in presentation, ranging from polyclonal 
(nonmalignant) B cell proliferations to malignant lym- 
phoma, usually B cell [285]. Inflammatory periportal 
tissue also may be observed in acute hepatitis, after 
biliary surgery, in various benign or malignant diseases, 
and in portal adenopathy [286]. 

Hepatocellular carcinoma may develop in the trans- 
planted liver. This is an important complication in 
patients who were diagnosed with HCC before trans- 
plantation or in whom focal HCC was found incidentally 
in the pathologic evaluation of the recipient's resected 
liver (fig. 2.184) [276, 287]. 

MRI demonstrates a variety of morphologic abnor- 
malities in transplanted livers and is able to identify 
various causes of graft failure (figs. 2.185-2.187). At 
present, however, no specific MRI findings have been 
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Fig. 2.182 Periportal inflammation after liver transplant. T2-weighted SE (a), Tl -weighted SE (£>), immediate postgado- 
linium magnetization-prepared gradient-echo (c), and Tl-weighted interstitial-phase postgadolinium fat-suppressed SE id) images in 
a 17-month-old patient after liver transplant. There is a moderate amount of periportal inflammatory change, which appears high 
signal on T2 (a) and enhances on interstitial-phase postgadolinium fat-suppressed images (c), likely postsurgical changes. 





Fig. 2.183 Lymphoproliferative disorder. T2-weighted fat-suppressed ETSE (a) and immediate postgadolinium SGE (b) 
images. A 3-cm mass is present in the porta hepatis that is moderate in signal on the T2-weighted image (arrows, a) and enhances 
minimally with gadolinium Qj). 
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Fig. 2.183 (Continued) Interstitial-phase gadolinium-enhanced 
fat-suppressed SGE (c) image in a second patient with posttrans- 
plant lymphoproliferative disorder. A mass (arrows, c) in the porta 
hepatis is appreciated with negligible enhancement on the late 
postcontrast image (c). 

T2-weighted fat-suppressed SS-ETSE (d), SGE (e), and immedi- 
ate (/") and 90-s fat-suppressed (g) postgadolinium SGE images in 
a third patient. The central portion of the liver shows an abnormal 
area that is masslike and exhibits high signal intensity on T2- 
weighted images (d), low signal intensity on Tl-weighted images 
(e), and moderate enhancement on early-phase images (/") and 
appears homogeneously enhanced on late-phase images (g). 
Histopathology was consistent with lymphoproliferative disorder. 
Air is present in the biliary tree secondary to the presence of a 
percutaneous biliary drain. 
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Fig. 2.184 Recurrent HCC in a liver transplant. Immediate postgadolinium SGE (a) image in a patient who has developed 
HCC within a transplanted liver. Multiple small masses involve the dome of the right lobe of the liver that demonstrate ring enhance- 
ment on the immediate postgadolinium image (arrow, a). Three months later the lesions have increased in size and number, as 
shown on the immediate postgadolinium SGE image (£>). One year later, SGE (c), and 90-s postgadolinium fat-suppressed SGE (d) 
images demonstrate massive increase in size and number of HCCs. This represents metastases to a liver transplant in a patient who 
had HCC in her native liver. 

Tl-weighted fat-suppressed 3D-gradient echo images immediate (e), and 90-second (/) in a second with HCC imaged at 3.0T 
after liver transplantation. Metastatic foci of HCC are apparent. 
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Fig. 2.185 Fatty liver after transplantation. SGE (a, c) and out-of-phase SGE (b, d) images in two different patients after 
liver transplantation that demonstrate signal loss from in-phase Tl -weighted images (a, c) to out-of-phase images (b, d) compatible 
with fatty liver. 



identified to establish or quantify transplant rejection 
or hepatocellular function. In the future, hepatocyte- 
specific contrast agents or MR spectroscopy may play a 
role in this determination. 



DIFFUSE LIVER PARENCHYMAL 
DISEASE 

Chronic Liver Diseases 

Autoimmune Diseases 

Autoimmune liver disorders are inflammatory liver dis- 
eases characterized histologically by a pronounced 
mononuclear cell infiltrate in the portal tracts and 
serologically by the presence of non-organ and liver- 
specific autoantibodies and increased levels of immu- 
noglobulin G (IgG) in the absence of a known etiology 



[288]. Primary sclerosing cholangitis (PSC), autoimmune 
hepatitis (AIH), and primary biliary cirrhosis (PBC) are 
chronic liver diseases postulated to have an autoim- 
mune basis for their pathogenesis [2891. 

Primary sclerosing cholangitis (PSC) is a chronic 
liver disease of unknown etiology. A number of factors 
have been proposed that might incite injury and cause 
recurrent damage to the bile ducts. These entities 
include bacteria, virus, toxins, vascular damage, or 
genetic abnormalities of immunoregulation. PSC is more 
common in males and has a high association with 
inflammatory bowel disease [290]. Also, patients with 
PSC have a higher risk of developing cholangiocarci- 
noma than the general population because of chronic 
biliary inflammatory changes [291]. 

The morphologic changes of PSC on pathologic 
evaluation consist of a lymphocytic infiltrate with fibros- 
ing cholangitis of intra- and extrahepatic bile ducts and 
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Fig. 2.186 Fibrosis after liver transplant. T2-weighted SS-ETSE id), SGE ib), and immediate (c) and 90-s fat-suppressed id) 
postgadolinium SGE images show strands of fibrosis in a posttransplant liver well shown on late-phase image id). 



progressive obliteration of their lumens. Between areas 
of scarring and progressive stricture, bile ducts become 
ectatic, presumably the result of downstream obstruc- 
tion. Such a pattern of multifocal strictures and dilata- 
tions produces the well-recognized cholangiographic 
pattern of "beaded" bile ducts. The disease culminates 
in cirrhosis. 

A prior study [292] described the MR findings of PSC 
and the association of imaging features with clinical 
severity by use of the Mayo End-Stage Liver Disease 
(MELD) and Child-Turcotte-Pugh scales. The associa- 
tion between macronodular morphology, biliary obstruc- 
tion, and peripheral wedge-shaped atrophy was the 
most suggestive of PSC, and it was noticed in 23% 
(12/52) of patients. MR findings of liver cirrhosis were 
described in 87% of the patients. More than half of the 
patients had nodules >3cm in the maximum diameter, 



and the number of nodules ranged from 1 to 5 in 57% 
of patients. The majority of nodules enhanced compa- 
rably to liver parenchyma. A distinctive feature is that 
up to 70% of these nodules were located in the central 
region of the liver. The compression of central ducts by 
large nodules causes peripheral biliary dilation, and this 
feature was shown in 29% of patients. The presence of 
intrahepatic biliary ductal dilatation was described in 
85% of the patients, with segmental dilatation, a common 
finding. Peripheral wedge-shaped areas of parenchymal 
atrophy were noted in 46% of patients. On MRI, these 
areas were characterized as high signal on T2 -weighted 
images and low signal on noncontrast Tl -weighted 
images in up to 83%, with atrophic segments occasion- 
ally being high signal on Tl-weighted images (figs. 2.188 
and 2.189). After contrast, the wedge-shaped areas 
showed minimal enhancement (less than background 
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Fig. 2.187 Fungus infection after liver transplant. T2-weighted SS-ETSE (a, d), SGE (b, e), and 90-s fat-suppressed (c,/) 
postgadolinium SGE images in the same patient at two different tomographic levels. There are two cystic lesions (arrow, c, f) in 
the left hepatic lobe that demonstrate a small focus of internal debris. Note the presence of mild biliary dilatation and ascites. 



306 



Chapter 2 LIVER 





Fig. 2.188 Cirrhosis in primary sclerosing cholangitis. Echo-train STIR (a), SGE (£>), and immediate (c) and 90-s fat-sup- 
pressed id) postgadolinium SGE images. The liver shows distorted anatomy with heterogeneous signal. The caudate lobe is massively 
enlarged by large macroregenerative nodules that cause atrophy of the peripheral liver, resulting in signal changes of increased 
signal on T2 (a), decreased signal on Tl (£>), and early negligible (c) and late progressive (d) enhancement. There is ductal 
dilatation in the peripheral liver, due to obstruction from the central hypertrophy. These findings are consistent with cirrhosis 
due to PSC. 

Coronal T2-weighted SS-ETSE (e), T2-weighted fat-suppressed SS-ETSE (/"), and 90-s fat-suppressed (g, h) postgadolinium SGE 
images in a second patient. Note the massive enlargement of the caudate lobe (arrows, e), which causes distal obstruction of the 
biliary tree. 
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Fig. 2.188 (Continued) Echo-train STIR (i), SGE (J, &), and immediate (/) and 90-s fat-suppressed (m) postgadolinium SGE 
images in a third patient with PSC. The liver demonstrates a shrunken fibrotic appearance with multiple macroregenerative nodules, 
which are more widely distributed than in the first 2 patients. Severe lateral segment intrahepatic biliary ductal dilatation is present 
(i) from obstruction by dense fibrous tissue (arrows, &). 
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Fig. 2.188 (Continued) Echo-train STIR (n), SGE (o), out-of-phase SGE (p), and immediate (q) and 90-s fat-suppressed (r) post- 
gadolinium SGE images in a fourth patient with PSC. The liver is heterogeneous in signal on T2-weighted (n) and Tl -weighted (o, 
p) images, with multiple macronodules and fibrotic bands present. This patient does not have the characteristic central macronodu- 
lar pattern found in PSC. 
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Fig. 2.189 Primary sclerosing cholangitis. T2-weighted fat-suppressed SS-ETSE (a), SGE (£>), immediate (c) and 90-second 
fat-suppressed id) postgadolinium SGE; T2-weighted fat-suppressed SS-ETSE (e), SGE (/"), and immediate (g) and 90-second fat- 
suppressed (h) postgadolinium SGE images in two patients with PSC. T2-weighted fat suppressed SS-ETSE fat suppressed (i, k, n) 
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Fig. 2.189 (Continued) and Tl-weighted fat-supressed 3D-vibe immediate post gadolinium (/, o) and 90-second post gadolinium 
(/', m, p) in three different patients imaged at 3T. Simlar findings of central regeneration are appreciated. 



DIFFUSE LIVER PARENCHYMAL DISEASE 



311 





Fig. 2.189 (Continued) 



parenchyma) on early-phase images that became more 
intense on late-phase images in more than half of these 
patients. The association between the severity of imaging 
findings and MELD and Child-Turcotte-Pugh were not 
statistically significant. This suggests that morphologic 
changes alone may not reflect the extent of hepatic 
compromise. 

Changes of cirrhosis in patients with PSC are asso- 
ciated with extensive fibrotic changes, central macro- 
regenerative nodules, and peripheral atrophy causing 
architectural distortion. Central macroregenerative 
nodules may result in true biliary ductal dilatation and 
peripheral liver atrophy distinct from the beaded biliary 
ductal changes of PSC. These patterns appear to be both 
relatively common and distinctive for PSC. Similar find- 
ings have been described by others [293-295]. 

Chronic Budd-Chiari syndrome may present some 
findings similar to those of PSC. Hypertrophy of the 
caudate lobe, presence of regenerative nodules and 



fibrosis are present in both entities. However, in PSC 
the regenerative nodules are preferably present in the 
central portion of the liver parenchyma, commonly 
causing dilation of bile ducts. A more complete descrip- 
tion of Budd-Chiari is in the subsection on liver vascular 
diseases. 

Autoimmune hepatitis (AIH) is a necro-inflammatory 
chronic liver disease that has an unknown etiology. 
AIH is characterized serologically by the presence 
of non-organ and liver-specific autoantibodies and 
increased levels of transaminases and immunoglobulin 
G [296]. Histologic features of AIH are not specific and 
instead are common to other forms of chronic active 
hepatitis. A dense periportal lymphoplasmacytic inflam- 
matory infiltrate, fibrosis, and lobular necrosis are fre- 
quent findings [2]. An overlap between AIH and other 
chronic liver diseases is reported, most commonly with 
PSC [297, 298]. The distinction of AIH from other auto- 
immune liver diseases, namely, PSC and PBC, is particu- 
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larly important since therapeutic modalities may differ 
[298, 2991. 

A prior study [300] reported on the MR appearance 
of AIH. The great majority of patients were women, 
with incidence from age 20 and older. Almost all (93%) 
patients with AIH had a reticular and/or confluent fibro- 
sis shown on MRI. Reticular and/or confluent fibrosis 
both appear as low signal on short-TE out-of-phase 
images and show negligible early enhancement with 
gadolinium and moderate/intense enhancement on 
delayed images. Four categories were described, based 
on the thickness of the reticular fibrotic strands and on 
the liver contour nodularity, as follows: 1) mild when 
fibrous tissue has a thickness <2 mm and does not cause 
liver nodularity; 2) moderate when fibrous tissue has a 
thickness between 2 and 5 mm and causes slight liver 
nodularity; 3) severe when fibrous tissue has a thickness 



>5 mm and causes gross liver nodularity; and 4) conflu- 
ent fibrosis, which has a localized, masslike configura- 
tion. A moderate reticular fibrosis was predominantly 
observed (44% of patients; 14 of 32) followed by mild 
fibrosis (34% of patients; 11 of 32). Confluent fibrosis 
most commonly occurred in segment 8 of the liver and 
was noted along with reticular fibrosis in 18% of patients 
(6/32) (fig. 2.190). Biliary ductal dilatation was reported 
in 12.5% of patients with AIH. None of the patients in 
this study had HCC. AIH was therefore shown to have 
a prominent pattern of liver fibrosis in the setting of 
livers with relatively normal contours. At disease onset, 
AIH is characterized by substantial inflammatory cell 
infiltration, which should be observed as intense patchy 
enhancement on hepatic arterial dominant-phase 
images. All patients in this study were already on treat- 
ment for AIH, so the expected appearance of early 




Fig. 2.190 Autoimmune hepatitis. T2-weighted SS-ETSE (a), out-of-phase SGE (£>), and 90-s fat-suppressed postgadolinium 
SGE (c) images; T2-weighted SS-ETSE (d), out-of-phase SGE (e), and 90-s fat-suppressed postgadolinium SGE (/") images; 
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Fig. 2.190 (Continued) T2-weighted SS-ETSE (g), out-of-phase SGE (/?), in-phase SGE (1), and immediate (7), 60s (k) and 90-s 
(/) images in another patient demonstrate diffuse fibrosis that exhibits progressively intense enhancement over time. T2-weighted 
SS-ETSE fat-suppressed (rn), SGE (n), and immediate (o) and 90-s fat-suppressed postgadolinium SGE (p) images in a patient with 
untreated AIH at presentation. Note the early patchy enhancement reflective of acute inflammatory disease. AIH is characterized 
by a prominent network of fibrosis even early in the course of disease (d,f). The hepatic changes are similar to PBC, and both AIH 
and PBC tend to have less architectural distortion than primary sclerosing cholangitis. 
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Fig. 2.190 (Continued) 



intense patchy enhancement of untreated AIH was not 
observed in any of these patients. The correlation 
between imaging findings and MELD clinical score was 
not statistically significant. This again reflects that mor- 
phologic findings may not correlate with the severity of 
liver compromise. 



Primary biliary cirrhosis (PBC) is a chronic progres- 
sive autoimmune liver disorder that causes the oblitera- 
tion of the intrahepatic bile ducts, portal inflammation, 
fibrosis, and cirrhosis [301]. A few imaging studies 
describe the imaging appearance of PBC. A prior study 
[302] described the "periportal halo sign" in 43% (9/21) 
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Fig. 2.191 Primary biliary cirrhosis (PBC). Fat-suppressed T2-weighted SS-ETSE (a), SGE (&), and immediate (c) and 90-s 
fat-suppressed id) postgadolinium SGE images in a patient with PBC. The liver contains a fine network of fibrosis throughout, and 
has only mildly distorted morphology. 



of patients with PBS, characterized by a hypointense 
rounded area surrounding the portal vein branches on 
both T2- and Tl -weighted images. The authors attrib- 
uted this finding to the presence of stellate, periportal 
hepatocellular parenchyma extension, surrounded by 
regenerative nodules. This finding was better appreci- 
ated on portal venous and interstitial phase. It may be 
that this appearance reflects a prominent pattern of 
fibrosis as also observed in AIH (fig. 2.191). 

Overlap syndrome represents coexistence of more 
than one of the autoimmune conditions. MRI features 
can be helpful to determine the presence of the PSC 
overlap form. The presence of central regenerative 
nodules, peripheral atrophy, biliary duct beading, biliary 
dilation, in patients with laboratory evidence of AIH or 
PBC should raise suspicion for overlap syndrome (figs. 
2.190 and 2.19D [301]. 



Genetic Diseases 

Wilson Disease. Wilson disease is a rare autoso- 
mal recessive inherited disorder caused by copper over- 
load in the liver and other organs [2]. The forms of liver 
disease associated with Wilson disease are highly vari- 
able and include fatty change, acute hepatitis, chronic 
active hepatitis, and cirrhosis [3031. Ultrasound, CT, and 
MR findings are nonspecific and reflect a full range of 
hepatic injury including fatty infiltration, acute hepatitis, 
chronic active hepatitis, and cirrhosis [3031. To date, no 
characteristic liver imaging finding has been established 
for Wilson disease (figs. 2.192 and 2.193). 

a-1 -Antitrypsin Deficiency, a- 1 -Antitrypsin defi- 
ciency is an autosomal recessive inherited disorder char- 
acterized by abnormally low serum levels of a major 
protease inhibitor. Hepatic syndromes are extremely 
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Fig. 2.192 Wilson disease. Echo-train STIR (a), SGE (£>), and immediate (c) and 90-s fat-suppressed (d) postgadolinium 
SGE images in a patient with Wilson disease and acute presentation in fulminant liver failure. Early patchy enhancement (c) compat- 
ible with acute severe hepatitis and late linear stromal enhancement (d) are both present, consistent with acute on chronic 
hepatitis. 

Echo-train STIR (e), SGE (/"), out-of-phase SGE (g), and immediate (h) and 90-s fat-suppressed (i) postgadolinium SGE images 
in a second patient. There are multiple regenerative nodules throughout the liver parenchyma, which are best shown on the out- 
of-phase image (g) because of drop in signal of background fatty liver. Splenomegaly is also present. 
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Fig. 2. 192 (Continued) Immediate (/') and 90-s fat-suppressed 
(h) postgadolinium SGE images in a third patient with Wilson 
disease and changes of cirrhosis, including thin reticular fibrous 
stroma, perigastric varices, and splenomegaly. 

The MR findings of Wilson disease do not at present appear 
to show characteristic features that distinguish it from other forms 
of chronic hepatic disease. 



varied and range from neonatal hepatitis to childhood 
cirrhosis or cirrhosis late in life when liver fibrosis 
is advanced [2]. Although no distinctive features of cir- 
rhosis are at present recognized for a- 1 -antitrypsin defi- 
cience. The coexistance of cirrhosis with pulmonary 
fibrosis should suggest the diagnosis. 

Nonalcoholic Fatty Liver Disease. As obesity 
and type 2 diabetes increase to epidemic proportions, 



nonalcoholic fatty liver disease (NAFLD) has become 
the subject of intensified focus and diagnostic refine- 
ment. NAFLD has been recognized to be one of the 
most common causes of chronic liver disease in the 
U.S. [304]. Emerging evidence cites NAFLD as the most 
common cause of crytogenic cirrhosis [305]. Cirrhosis 
related to obesity and NAFLD are risk factors for HCC. 
The pathologic features of NAFLD are similar to alcohol- 
induced liver damage and traverse the spectrum of 
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Fig. 2.193 Cirrhosis in pediatric patients. Coronal (a) and 
transverse (b) T2-weighted SS-ETSE images in a 1 -month-old boy. 
The liver is small and markedly nodular in contour, consistent 
with cirrhosis. Note the massive ascites and periportal edema. 

T2-weighted fat-suppressed SS-ETSE (c), Tl -weighted fat-sup- 
pressed SE (d), and 90-s fat-suppressed (e) postgadolinium SGE 
images in a second patient, a 6-year-old who has a history of severe 
biliary fibrosis. The liver exhibits extensive fibrotic stroma, shown 
as low-signal linear structures on the Tl -weighted fat-suppressed 
image (d). Mirror artifact of the aorta (arrow, e) in the left lobe 
should not be confused for a mass lesion. 
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changes, ranging from simple hepatic steatosis (fatty 
liver) at the most clinically benign, to cirrhosis at the 
opposite extreme. Nonalcoholic steatohepatitis (NASH) 
occupies a middle position in the range of NAFLD and 
represents an intermediate stage of fatty liver damage 
[306]. NASH is characterized by a constellation of histo- 
pathologic features including steatosis, hepatocyte 
degeneration, inflammation, and fibrosis. A recent study 
[307] demonstrates a significant correlation between 
histopathology grades of steatosis and degree of fibrosis 
in patients with underlying NASH and MRI findings, 
namely, steatosis and fibrosis. However, no significant 
correlation was demonstrated between MRI features 
and Mayo End-stage Liver Disease (MELD) score. It has 
been estimated that 10-30% of patients with NAFLD 
(steatosis or NASH) will develop cirrhosis during the 
ensuing decade [306]. The absence of steatosis in 



advanced cirrhosis as a result of NASH is well recog- 
nized, and this phenomenon is borne out in MR imaging 
(fig. 2.194). 

From a clinical perspective, there are no laboratory 
tests that can reliably distinguish steatosis from steato- 
hepatitis or cirrhosis [308]. Although the qualitative and 
quantitative measurement of hepatic steatosis is accu- 
rately assessed by chemical-shift MR imaging [309], there 
are to date no characteristic imaging findings that point 
to a specific assessment of NASH [310]. 

Viral Hepatitis. The term "viral hepatitis" is gen- 
erally reserved for infection of the liver caused by a 
small group of hepatotropic viruses. Although agents 
such as Epstein-Barr virus and cytomegalovirus may 
produce liver lesions, these are usually a part of a sys- 
temic infection in which the liver is only one of several 




Fig. 2.194 Nonalcoholic steatohepatitis. T2-weighted SS-ETSE (a), SGE (&), out-of-phase SGE (c), and immediate id) and 90-s 
fat-suppressed (e) postgadolinium SGE images. The liver is enlarged and shows a higher signal intensity than normal on Tl-weighted 
image (£>), which converges to the signal intensity of the spleen on out-of-phase image (c) suggestive of mild fatty infiltration. On 
early-phase image, id) there are some patchy areas of enhancement that become homogeneous on late-phase image (e), reflecting 
acute on chronic inflammation. Histopathology was consistent with NASH. 



320 



Chapter 2 LIVER 




Fig. 2.194 (Continued) T2-weighted SS-ETSE (/"), SGE (g), out-of-phase SGE (/?), and immediate (1) and 90-s fat-suppressed (7) 
postgadolinium SGE images in a second patient, who exhibits findings of fatty liver comparing in-phase (g) and out-of-phase (h) 
images. Additionally, strands of fibrosis are present, well demonstrated as enhancing reticular structures on late-phase images (/'). 
Histopathology was consistent with NASH. 
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organs or systems involved. Primary viral infection of 
the liver in the U.S. is caused most commonly by one 
of three hepatotropic viruses: hepatitis A (HAV), hepa- 
titis B (HBV), and hepatitis C (HCV) [311]. 

Acute hepatitis is diagnosed by clinical and sero- 
logic studies. The major histologic findings in acute viral 
hepatitis are focal hepatocyte necrosis, inflammatory 
infiltrates, and evidence of hepatocyte regeneration [2, 
3]. Imaging studies are generally not performed unless 
the clinical picture is complicated. Acute hepatitis may 
result in heterogeneous hepatic signal intensity, which 
is most apparent on T2-weighted images and immediate 
postgadolinium images. Periportal edema may be iden- 
tified (fig. 2.195). 

HBV is a double-stranded DNA virus from the 
hepadnavirus family that has several genotypes and 
serotypes capable of causing chronic disease. Two 
billion people worldwide, or one-third of the world's 
population, are infected with HBV. Of the 350 million 
individuals living with chronic HBV, 15-25% risk dying 
from HBV-related chronic liver disease, including 
chronic hepatitis, cirrhosis, and hepatocellular carci- 
noma. In the U.S., 1.25 million people have chronic 
HBV infection, resulting in more than 5000 deaths 
each year. Patients with HBV have an increased risk of 
developing HCC even in the precirrhotic hepatitis phase, 
when the underlying liver often looks morphologically 
normal by imaging studies (fig 2.196) [311]. 

HCV is an RNA virus from the flavivirus family with 
several known genotypes. The genetic heterogeneity of 
HCV has important implications for diagnosis, patho- 
genesis, and treatment. For example, the rapid mutation 
rate of HCV in opposition to the host immune response 
renders it a difficult virus to eliminate [311]. HCV infects 
up to 350 million people worldwide and is currently 
the leading indication for orthotopic liver transplanta- 
tion in the U.S. [312]. While up to 50% of individuals 
clear HCV viremia after acute infection, most people 
develop persistent infection with chronic hepatitis 
(fig. 2.197) [312]. Serious sequelae include cirrhosis and 
hepatocellular carcinoma [313]. 

Chronic hepatitis may be defined as symptomatic, 
biochemical, or serologic evidence of continuing inflam- 
mation of the liver without improvement for at least 
6 months. The microscopic changes of chronic viral 
hepatitis show chronic inflammation that often extends 
out from the portal tracts, spilling into the adjacent 
parenchyma with associated necrosis of hepatocytes. 
Progressive fibrosis may lead to fully developed cirrhosis 
[3, 314]. In patients with chronic viral hepatitis, imaging 
studies are more commonly obtained, usually to detect 
the presence of cirrhosis or HCC. Focal inflammatory 
changes or fibrosis may develop in chronic active hepa- 
titis, resulting in diffuse or regional areas of high signal 
intensity on T2-weighted images and heterogeneous 
enhancement after contrast on gradient-echo images, 



most often appreciated as linear stromal enhancement 
on late fat-suppressed images (figs. 2.198 and 2.199) [315, 
316]. On T2-weighted images, chronic active hepatitis 
often has periportal high signal intensity, corresponding 
to inflammation, enlarged lymph nodes, or both (fig. 
2.200) [317]. This is a nonspecific finding observed in a 
number of hepatobiliary and pancreatic diseases [286]. A 
distinctive feature of HCV chronic liver disease, com- 
pared to other chronic diseases, including HBV, is promi- 
nent porta hepatis lymph nodes. Nodes measuring 2 cm 
and larger are common in HCV chronic liver disease. 

Radiation-Induced Hepatitis 

The liver may be included in radiation portals for a 
variety of malignancies, metastases in adjacent vertebra, 
or pancreatic ductal adenocarcinoma. Edema may 
develop within 6 months of radiation injury. Edema 
appears as increase signal intensity on T2-weighted 
images and decreased signal intensity on Tl -weighted 
images (fig. 2.201) [318, 319]. Fat is usually decreased 
within the radiation portal in patients with fatty liver [320, 
321]. This reflects decreased delivery of triglycerides due 
to diminished portal flow. Increased enhancement is 
apparent on delayed postgadolinium gradient-echo 
images in radiation-damaged liver. Increased enhance- 
ment is more conspicuous when fat suppression 
techniques are used (see fig. 2.201). This increased 
enhancement is related to leaky capillaries in early radia- 
tion injury and represents granulation tissue in late injury. 

Cirrhosis 

A concise definition of cirrhosis is "a diffuse process 
characterized by fibrosis and a conversion of normal 
architecture into structurally abnormal nodules" [322]. 
Cirrhosis is a stage in the evolution of many chronic 
liver diseases including viral infections, alcohol abuse, 
hemochromatosis, autoimmune disease, Wilson disease, 
and primary sclerosing cholangitis. The most common 
underlying causes in North America include viral hepa- 
titis and alcohol abuse [323]. 

From a clinicopathologic perspective, cirrhosis is 
not a static phenomenon but a dynamic process that 
runs the gamut of inflammation, cell injury and death, 
fibrosis, and regeneration. Pathologic gross inspection 
of cirrhotic livers generally shows two types of patterns: 
1) micronodular, in which parenchymal nodules are 
small (<3-mm diameter) and separated by thin fibrous 
septa, and 2), macronodular in which parenchymal 
nodules are large (>3mm) and separated by fibrous 
septa, sometimes reaching proportions of large scars. 
Because of the underlying pathophysiology of the 
disease, the conversion from micro- to macronodular 
cirrhosis is considered to be a general phenomenon. 
The Copenhagen Study Group for Liver Disease studied 
156 cirrhotic patients and observed a conversion ratio 
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Fig. 2.195 Acute hepatitis. T2-weighted SS-ETSE (a), SGE (&), immediate (c) and 90-s fat-suppressed id) postgadolinium SGE 
images in a patient with a history of leukemia. The liver is enlarged and demonstrates mild heterogeneous signal on both T2-weighted 
(a) and Tl -weighted (£>) images. On early-phase image (c), there is a transient heterogeneous intense patchy enhancement. The liver 
becomes more uniform in signal intensity on the late images (d). Periportal edema is present, which appears as high signal intensity 
on T2-weighted image (a) and does not enhance on postgadolinium images (c, d). Moderately large volume ascites is shown. 

SGE (e), out-of-phase SGE (/"), and immediate (g) and 90-s fat-suppressed Qf) postgadolinium SGE images in a second patient. 
The liver is unremarkable in signal intensity on Tl -weighted image (e), with signal intensity of liver and spleen becoming more 
comparable (converging) on the shorter TE out-of-phase sequence. This appearance of subtle loss of signal of the liver is consistent 
with mild fat infiltration. There are multiple patchy regions of enhancement after administration of contrast (g) throughout the liver 
consistent with acute on chronic hepatitis. 
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Fig. 2.195 (Continued) T2-weighted SS-ETSE (O, SGE (/), 
and immediate (k) and 90-s fat-suppressed (/) postgadolinium SGE 
images in a third patient. The liver demonstrates a markedly early 
heterogeneous enhancement pattern with low signal in a perihe- 
patic vein distribution (&). Low signal intensity in perihepatic vein 
distribution is also appreciated on the T2-weighted image (/). 

Coronal T2-weighted SS-ETSE (m), SGE (n), and immediate (o) 
and 90-s fat-suppressed (p) SGE images in a fourth patient. The 
liver is enlarged and exhibits heterogeneous enhancement on 
early-phase images (o) more evident in the liver periphery. On 
late-phase images (p) the liver demonstrates more homogeneous 
enhancement. 
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Fig. 2.195 (Continued) 
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Fig. 2.196 Hepatitis B. T2-weighted fat-suppressed SS-ETSE (a), SGE (&), and immediate (c) and 90-s fat-suppressed (d) SGE 
images in a patient with hepatitis B. In this patient with longstanding disease, the liver is mildly reduced in size and has an irregular 
contour, with extensive fibrosis on late-phase images (d). 





(a) (b) 

Fig. 2.197 Hepatitis C. T2-weighted SS-ETSE (a), SGE (&), and immediate (c) and 90-s fat-suppressed (d) images; T2-weighted 
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Fig. 2.197 (Continued) SS-ETSE (e), SGE (/"), and immediate (g) and 90-s fat-suppressed (h) images; and T2-weighted SS-ETSE 
(i), out of phase SGE (/), and immediate (&) and 90-s fat-suppressed (/) images in three patients with hepatitis C in different stages. 
Prominent porta hepatis lymph nodes are usually present (e). 
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Fig. 2.197 (Continued) 




Fig. 2.198 Acute on chronic hepatitis. T2-weighted fat-suppressed SS-ETSE (a, e), SGE (&,/,/), and immediate (c, g, i, k, m, 

n), 45-s (/), and 90-s fat-suppressed (d, h) SGE images in five different patients. Although these patients demonstrate different stages 
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Fig. 2.198 (Continued) of chronic liver disease, all of them have a common finding, which is the heterogeneous enhancement 
on early-phase images (c, g, k, m, n) that becomes homogeneous on 45-s image (/) and remains homogeneous on late-phase images 
(d, h). This finding is compatible with acute on chronic hepatitis. Note that other signs of chronic liver disease are also appreciated 
in these patients such as lymphadenopathy (arrow, e), varices (arrow, h), ascites (i), and Gamna-Gandy bodies in the spleen (m). 
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Fig. 2.198 (Continued) Tl-weighted fat-suppressed 3D-gradient echo (o> and 90-s (p)-immediate postgadolinium images show 
heterogeneous hepatic enhancement on early phase (m) that becomer homogeneous on late phase (n), features compatible with 
acute on chronic hepatitis. 
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Fig. 2.199 Chronic hepatitis. Immediate (a) and 90-s fat-suppressed (b) postgadolinium SGE images show delayed enhance- 
ment of liver fibrous tissue on late-phase image (b) consistent with fibrosis. 




Fig. 2.200 Viral hepatitis. T2-weighted fat-suppressed SE (a) and 90-s fat-suppressed postgadolinium SE (b) images in a patient 
with HIV infection and positive serology for hepatitis B and C. On the fat-suppressed T2-weighted sequence (a), porta hepatis and 
para-aortic lymph nodes (long arrow, a) are clearly shown as high-signal-intensity masses in lower-signal-intensity background. High 
signal within the liver in a periportal distribution is also present (small arrows, a). This periportal abnormality identified on the 
T2-weighted image is shown to be enhancing tissue (small arrows, b) on the gadolinium-enhanced Tl -weighted fat-suppressed 
image (b). Gadolinium enhancement distinguishes periportal inflammatory or neoplastic tissue from edema, the latter would appear 
signal void after contrast. Enhancement of adenopathy (long arrow, b) is also appreciated. 
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Fig. 2.201 Radiation injury. T2-weighted fat-suppressed SE 
(a), out-of-phase SGE (£>), and 90-s fat-suppressed postgadolinium 
SE (c) images in a patient who had undergone radiation therapy 
for a vertebral body metastasis. The out-of-phase image (b) shows 
low-signal-intensity fatty replaced liver with a central, vertically 
oriented band of higher-signal-intensity nonfatty liver (arrow, b). 
Similar findings are apparent on the fat-suppressed T2-weighted 
image (a), with subtle higher signal intensity of the central band 
of nonfatty liver. The gadolinium-enhanced Tl -weighted fat- 
suppressed image (c) demonstrates increased enhancement of 
the radiation-damaged liver, which may reflect radiation-induced 
vasculitis, in conjunction with lower signal of fatty liver due to 
fat-suppression effects. 



of micronodular to macronodular cirrhosis of 90% in 10 
years [314]. Cirrhotic nodules may be characterized 
based on histologic features into three majors catego- 
ries, namely, 1) regenerative, representing a benign 
proliferation of hepatocytes surrounded by fibrous 
septa; 2) dysplastic, representing regenerative nodules 
with cellular atypia, an intermediate step in the patho- 
genesis of HCC; and 3) malignant or HCC [93]. 

By MR imaging, a variety of morphologic changes 
are common findings. Atrophy of the right lobe and the 
medial segment of the left lobe is common in cirrhotic 
livers. Relative sparing of the caudate lobe and lateral 
segment of the left lobe is often present. In fact, these 
segments may undergo hypertrophy. The combination 
of scarring, atrophy, and parenchymal regenerative 
activity may involve any segment of the liver and occa- 
sionally may result in a bizarre hepatic contour that can 
simulate tumor mass (fig. 2.202). Often the hypertrophic 
region of the liver possesses imaging and enhancement 
features comparable to those of normal liver, thus facili- 
tating a correct diagnosis. Morphologic changes of the 
liver are seen less frequently in early compensated cir- 
rhosis, impairing diagnosis by imaging. In cirrhotic 
livers, enlargement of the hilar periportal space was 



observed in 98% of patients who had atrophy of the 
medial segment of the left lobe, whereas this finding 
was seen in only 11% of patients with normal livers 
[324, 325]. Expansion of the major interlobar fissure may 
be seen in the late stage of disease, causing extrahepatic 
fat to fill the space between the left medial and lateral 
segments [326]. 

With advanced cirrhosis, morphologic liver changes 
become more evident. There may be marked atrophy 
of the right lobe and medial segment of the left lobe 
and hypertrophy of the caudate lobe and left lateral 
segment. The combination of these four findings is 
responsible for the enlargement of the pericholecystic 
space (gallbladder fossa), which is subsequently filled 
with fat, known as the "expanded gallbladder fossa 
sign." This imaging finding is highly suggestive of cir- 
rhosis [324]. Moreover, with progression of the disease, 
the liver surface shows irregularities and the liver mor- 
phology exhibits distortion, both due to the presence 
of regenerative nodules and confluent or diffuse paren- 
chymal fibrosis [300, 327]. 

The most consistent morphologic feature of cirrho- 
sis is the demonstration of focal or diffuse fibrous tissue 
that appears on MRI as a reticular network of linear 
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Fig. 2.202 Cirrhosis with macronodular regenerative 
nodule. Coronal SGE (a), SGE (£>), T2-weighted fat-suppressed 
ETSE (c), and immediate id) and 90-s (e) postgadolinium SGE 
images. Prominent linear bands that are low in signal intensity on 
Tl -weighted images (a, b) are present throughout the liver, a 
finding consistent with scarring. The inferior portion of the right 
lobe has a bulbous contour that simulated a mass lesion on CT 
examination (not shown). The focal enlargement possesses the 
same signal intensity features as the remainder of the liver (a), 
which include fibrotic markings apparent on Tl -weighted images 
(a, b), homogeneous intermediate signal intensity on T2-weighted 
images (c), early diminished enhancement of scar tissue (d), and 
more uniform enhancement on interstitial-phase images (e). 
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Fig. 2.202 (Continued) Coronal T2-weighted SS-ETSE (/") and transverse 45-s postgadolinium SGE (g) images in a second patient 
show similar findings. 



stroma of varying thickness [328]. On Tl -weighted 
images fibrous tissue is low signal; on T2-weighted 
images fibrous tissue varies from high signal to low 
signal, depending on chronicity, with acute fibrous 
tissue having a higher fluid content and therefore higher 
signal. On hepatic arterial dominant-phase images, 
fibrous tissue enhances negligibly and demonstrates late 
enhancement on hepatic venous phase images (fig. 
2.203). Fibrous tissue is most consistently shown on 
short-TE Tl -weighted gradient-echo images and well 
shown on TE = 2 ms out-of-phase imaging at 1.5 T, 
appearing as low-signal reticular tissue. Fibrosis is also 
well shown as late-enhancing stroma on 2-min postg- 
adolinium fat-suppressed gradient-echo images (figs. 
2.204 and 2.205) [3291. 

Many livers in the setting of chronic hepatitis or 
cirrhosis may contain regions that are high signal inten- 
sity on T2-weighted images and low signal intensity on 
Tl -weighted images and enhance moderately intensely 
on arterial dominant-phase images, secondary to hepa- 
tocellular damage, inflammation, or arteriovenous 
shunts; which are most consistently, or only, shown on 
hepatic arterial dominant-phase images [330-332]. Acute 
on chronic liver inflammation is shown as regions of 
transient increased enhancement on immediate postg- 
adolinium images [329, 332]. Many abnormal regions of 
enhancement are small with irregular or ill-defined 
margins. In these cases, distinction from tumor is not 
problematic. Occasionally, patchy areas of enhance- 
ment are large, and they generally fade to near isoin- 
tensity by lmin. Rarely, patchy areas of increased 
enhancement may show variable enhancement on later 



postcontrast images. Under these circumstances, distinc- 
tion from diffuse HCC may be problematic. In the 
setting of diffuse HCC, an important distinguishing 
feature is the association with tumor thrombus. Bland 
thrombus is rare with acute on chronic hepatitis, and 
enhancing thrombus never occurs. Serum oc-fetoprotein 
level may support the diagnosis, because serum oc- 
fetoprotein is typically very elevated with diffuse HCC 
and only slightly elevated in patients with acute on 
chronic hepatitis [333]. 

Tiny peribiliary cysts may occur in cirrhotic livers. 
These cysts typically measure 5 mm or less in size 
[334-336]. 

In cirrhotic livers, parenchymal nodules are created 
by the regenerative activity of hepatocytes and the 
network of fibrosis. The formation of regenerative 
nodules (RNs) results in gross distortion of hepatic 
architecture. Micronodular cirrhosis, common in alco- 
holic liver disease and hemochromatosis, displays RNs 
<3mm, sheathed by thin fibrous septa. In patients with 
virus-induced cirrhosis (mainly hepatitis B), the regen- 
erative nodules are 3-1 5 mm with thick fibrous septa; 
this pattern is classified as macronodular cirrhosis. 
Although some diseases are classically associated with 
one pattern or another, most cirrhotic livers are mixed 
[337, 338]. MRI demonstrates RNs with greater conspicu- 
ity than any other imaging modality. The majority of 
RNs are isointense on T2- and Tl -weighted images. 
Occasionally, RNs may appear low in signal intensity 
on T2-weighted images relative to high-signal-intensity 
inflammatory fibrous septa or damaged liver (figs. 
2.206-2.208) [180, 181, 185]. Approximately 16 % (11/68) 
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Fig. 2.203 Cirrhosis and fatty infiltration. Echo-train STIR 

(a), SGE (£>), out-of-phase SGE (c), and immediate (d) and 90-s 
fat-suppressed (e) postgadolinium SGE images. The liver is mildly 
enlarged. Diffuse nodular fatty infiltration is appreciated, with foci 
of liver losing signal and intervening bands of fibrosis tissue retain- 
ing signal on out-of-phase images (c). Note that the fibrous tissue 
enhances on delayed images (e), creating a reticular appearance. 



of RNs are hyperintense on Tl -weighted images. The 
cause for this hyperintensity on Tl is unclear, unrelated 
to lipid, but possibly reflects high protein content. 
Because RNs have a portal venous blood supply with 
minimal contribution from hepatic arteries [339], RNs 
enhance minimally on hepatic arterial dominant-phase 
images. 



[$\ 



(e) 



Approximately 25% of RNs accumulate more iron 
than the surrounding hepatic parenchyma. This feature 
facilitates the identification of RNs as low signal on T2- 
weighted and T2*- weighted gradient-echo images and 
low signal on postgadolinium SGE images because sur- 
rounding hepatic parenchyma enhances to a greater 
degree than iron-containing nodules (fig. 2.209) [339, 
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Fig. 2.204 Cirrhosis with confluent fibrosis. Echo-train STIR (a), SGE (b), out-of-phase SGE (c), and immediate id) and 90-s 
fat-suppressed (e) postgadolinium SGE images. There is a linear pattern of fibrosis throughout the liver, with a focal region of con- 
fluent fibrosis (arrow, a) that is mildly high in signal on T2 (a) and mildly low in signal on Tl -weighted image Qf) and demonstrates 
negligible enhancement on early postcontrast image id) and mild enhancement on late image (e). Note that the fine pattern of 
fibrosis present throughout the liver is particularly well shown on the short TE out-of-phase image (c) as low-signal linear structures 
(c) and on late postgadolinium as linear enhancing structures (e). 

T2-weighted fat-suppressed SS-ETSE (/"), SGE (g), out-of-phase SGE (h), and immediate (/) and 90-s fat-suppressed postgadolinium 
SGE (/') images in a second patient. The liver is small and nodular in contour and demonstrates a reticular heterogeneous 
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Fig. 2.204 (Continued) enhancement pattern consistent with cirrhosis. A confluent region of fibrosis is evident in segment 8 
peripherally (arrow, h). No focal lesion is identified within the liver. Note the presence of splenomegaly. 

T2-weighted fat-suppressed SS-ETSE (k), SGE (/), out-of-phase (m), and immediate (n) and 90-s fat-suppressed (o) postgadolinium 
SGE images in a third patient. The liver is enlarged, with the left lobe extending lateral to the spleen. On the out-of-phase image (m), 
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Fig. 2.204 (Continued) there is drop in signal of the hepatic 
parenchyma with focal sparing of the superficial parenchyma in 
segments 4 and 5. This is consistent with diffuse fatty infiltration of 
the liver, with lack of fatty infiltration in the region of fibrosis. Note 
the presence of atrophy in association with the fibrosis. The region 
of confluent fibrosis shows negligible early enhancement (n) with 
late increased enhancement (o). 





Fig. 2.205 Cirrhosis with extensive and confluent fibrosis. Echo-train STIR (a), SGE (£>), and immediate (c), and 90-s fat- 
suppressed (d) postgadolinium SGE and echo-train STIR (e), SGE (/"), out-of-phase SGE (g), and immediate (If), and 90-s fat-suppressed 
(i) postgadolinium SGE images in two different patients with cirrhosis. In both cases, the liver is diminutive in size and demonstrates 





m 



(h) 



Fig. 2.205 (Continued) nodular and irregular contour with 
distorted anatomy. The hepatic parenchyma is heterogeneous in 
appearance with extensive linear fibrosis. The fibrous stroma is 
best shown on the short TE out-of-phase sequence (g) as low- 
signal reticular strands and on the late postgadolinium fat- 
suppressed SGE as enhancing tissue. Confluent areas of fibrosis 
are present in both patients. Parenchymal atrophy associated with 
the scarring results in an unusual-appearing exophytic region of 
hypertrophy in the first patient (arrow, a). 
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Fig. 2.206 Cirrhosis with regenerative nodules. Echo-train STIR (a), SGE (&), out-of-phase SGE (c), and immediate (d), and 
90-s fat-suppressed (e) postgadolinium SGE images. The liver is small with an extensive nodular pattern. A reticular pattern of fibrosis 
is present, which is well shown on out-of-phase images (c) as low-signal-intensity linear tissue and demonstrates negligible enhance- 
ment on immediate postgadolinium images id) with progressive enhancement on late images (e). Multiple regenerative nodules 
appear as rounded <l-cm masses well shown as high-signal lesions on out-of-phase images (c). Ascites, splenomegaly, and para- 
esophageal varices are present. 

Echo-train STIR (/"), SGE (g), out-of-phase SGE (h), and 45-s (0 and 90-s fat-suppressed (/') postgadolinium SGE images in a 
second patient. There are multiple scattered rounded foci throughout the liver that show decreased signal on T2 (f) and increased 
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Fig. 2.206 (Continued) signal on noncontrast Tl-weighted (g) and out-of-phase (h) images. Lesions are not apparent on early 
(i) or late (/') postgadolinium images, consistent with regenerative or mildly dysplastic nodules. Note also the fine reticular pattern 
on postgadolinium images (i, f) with progressive enhancement, consistent with fibrotic change associated with cirrhosis. A small 
transiently enhancing focus (curved arrow, i) is present in segment 8, which reflects a focal hyperperfusion abnormality. 



340]. Although it is suggested that the presence of iron 
within RNs is a risk factor for HCC [341], this association 
is not yet well established. 

Central large regenerative nodules may be most 
characteristic of cirrhosis due to PSC. In these cases, 
regions of atrophic, cirrhotic liver and obstructed bile 
ducts may be compressed at the periphery of massively 
expanded regenerative nodules. 

The prevalence of RNs in Budd-Chiari syndrome is 
not known, but it is suggested that they may be observed 
in up to 25% of patients. In the setting of chronic 
Budd-Chiari syndrome, RNs may show atypical MR 
features, namely, high signal on T2- and Tl-weighted 
images and moderate enhancement on arterial domi- 
nant phase. It is hypothesized that the hypervasculariza- 
tion of the RNs in this disorder reflects enlargement of 
hepatic arteries and an abnormality of portal flow 
[342-344]. 



Dysplastic nodules (DNs) are defined as neoplastic, 
clonal lesions that represent an intermediate step in the 
pathway of carcinogenesis of hepatocytes in cirrhotic 
livers [93, 338]. They are considered as premalignant 
nodules and are found in 15-25% of cirrhotic livers 
[345]. Studies have documented the development of 
HCC within a DN in as short as a 4-month period [346, 
347]. On gross pathologic examination, DNs are usually 
larger than RNs, but the entities may be impossible to 
distinguish both pathologically and by MRI [165]. 

DNs are diagnosed histologically as low or high 
grade according to the current classification system for 
nodular hepatocellular lesions by the International 
Working Party [93]. Low- and high-grade DNs represent 
parts of a spectrum involving microscopic architectural 
changes and cytologic atypia [338]. 

On MR imaging, DNs are most commonly recog- 
nized as isointense or hypointense on T2-weighted 



DIFFUSE LIVER PARENCHYMAL DISEASE 



341 





Fig. 2.207 Cirrhosis with regenerative nodules. Echo-train STIR (a), SGE (b), and immediate (c) and 90-s fat-suppressed 
(d) postgadolinium SGE and echo-train STIR (e), SGE (/"), out-of-phase SGE (g), and immediate (h, i) and 90-s fat-suppressed (/') 
postgadolinium SGE images in two different patients. The livers are diminutive in size and show irregular nodular contours 
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Fig. 2.207 (Continued) consistent with cirrhosis. Multiple varying-sized siderotic nodules are appreciated throughout the 
hepatic parenchyma that demonstrate low signal on both T2-weighted (a, e) and Tl-weighted (b,f) images and negligible enhance- 
ment early (h) and late (j) after gadolinium administration, compatible with regenerative nodules. In the second patient, an intensely 
enhancing 1-cm nodule is also shown on early-phase image (arrow, i), which fades on late image (not shown) in the dome of the 
liver, consistent with a high grade dysplastic nodule. 



images and hyperintense on Tl-weighted images [185, 
187, 348]. Like RNs, DNs may also contain iron, which 
then results in low signal intensity on both T2- and Tl- 
weighted images. Unlike RNs, DNs have been found to 
contain isolated arteries unaccompanied by bile ducts 
[338]. Correlations exist between extent of enhancement 
on arterial dominant images and the grade of DNs. 
Increase in arterial blood supply and decrease of portal 
blood supply of hepatic nodules is closely related to the 
process of malignant transformation to HCC [349, 350]. 
On MR imaging, low-grade DNs show negligible 
enhancement or enhancement similar to the background 
parenchyma (i.e., isointense) on arterial dominant phase 
(figs. 2.210-2.212), and high-grade DNs may demon- 
strate enhancement ranging from mild to intense on 
arterial dominant-phase images (figs. 2.213 and 2.214). 
There is an overlap in the extent of vascularity and 



consequently of imaging findings between high-grade 
DNs and small HCCs [201, 349]. An ancillary feature of 
high-grade DNs is the tendency to fade toward back- 
ground signal of the liver in the interstitial phase of 
enhancement, whereas small HCCs are more likely to 
exhibit lesion washout with late capsule enhancement. 
The signal intensity on T2-weighted images, the degree 
of lesional enhancement on interstitial-phase images, the 
interval growth, and the presence of large HCC may help 
in the distinction of high-grade DNs and small HCCs. 
Our current practice is to describe lesions that measure 
less than 1 cm with the imaging features of high DN as 
DN, recognizing the fact that many of these small lesions 
resolve on their own, likely reflecting a complex inter- 
play between host and lesion pathophysiology. 

Foci of small HCC that develop in a high-grade 
DN appear as a high-signal-intensity focus within a 
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Fig. 2.208 Regenerative nodule extending into the gallbladder fossa. Echo-train STIR (a), SGE (£>), and immediate (c) 
and 90-s fat-suppressed (d) postgadolinium SGE images. The liver demonstrates mild diffuse heterogeneous signal on all sequences. 
There is a hepatic nodule (arrow, a) that arises from the tip of segment 4 and indents the anterior wall of the gallbladder, which 
demonstrates near isointensity with liver on all sequences compatible with a regenerative nodule. 

SGE (e) and immediate (/") images in a second patient that demonstrate a regenerative nodule compressing the posterior wall 
of the gallbladder (arrow, f). It is not uncommon that regenerative nodules bulge into the gallbladder fossa, presumably reflecting 
that this location experiences less tissue resistance facilitating growth of these nodules as they expand into the gallbladder fossa. 



344 



Chapter 2 LIVER 




Fig. 2.209 Iron-containing regenerative nodules. T2-weighted ETSE (a), SGE (£>), and immediate (c) and 90-s fat-suppressed 
id) postgadolinium SGE images. There are multiple tiny lesions scattered throughout the liver that demonstrate mild hypointensity 
to background liver on T2-weighted (a) and Tl -weighted Qf) images and negligible enhancement after contrast administration (c), 
consistent with regenerative nodules. Lesions are best seen on the postgadolinium images. Note the fine reticular linear pattern of 
enhancement on the late image id). 

T2-weighted fat-suppressed SS-ETSE ie), SGE if), out-of-phase SGE ig), and immediate ih) and 90-s fat-suppressed (i) postgado- 
linium SGE images (j) and SGE ij) and immediate (&) and 90-s fat-suppressed (/) postgadolinium SGE images in two different 
patients with regenerative nodules. Findings similar to those in the previous case are shown. 
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Fig. 2.209 (Continued) 
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Fig. 2.210 Cirrhosis with low-grade dysplastic nodules. T2-weighted SS-ETSE (a), SGE (b), out-of-phase SGE (c), and imme- 
diate id) and 90-s fat-suppressed (e) postgadolinium SGE images. There is a nodule in segment 8 of the liver that is isointense on 
T2 (a) and moderately high signal intensity on Tl (arrow, b), does not drop in signal intensity on out-of-phase image (c), and shows 
negligible enhancement on early-phase postgadolinium image id) and remains isointense to the background parenchyma on late- 
phase image (e), consistent with a low-grade dysplastic nodule. 
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Fig. 2.210 (Continued) T2-weighted fat-suppressed SS-ETSE (f, k), SGE (g, I), out-of-phase SGE (h, ni), and immediate (i, n) 
and 90-s fat-suppressed (j, o) postgadolinium SGE images in a second patient at two different tomographic levels. Nodules are 
present at both levels (arrow, g, I), demonstrating mildly decreased signal intensity on T2 (f, &), moderately high signal intensity 
on Tl (g, I), no signal drop on out-of-phase (h, ni), and enhancement comparable to background parenchyma on early (/, n)- and 
late (j, o)-phase images. 
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Fig. 2.210 (Continued) 




low-signal-intensity nodule on T2-weighted images — a 
nodule within a nodule. This reflects the development 
of a high-T2-signal malignancy within a low-T2-signal 
dysplastic nodule. On Tl -weighted images, the high- 
grade DN exhibits low signal and the foci of small HCC 
may appear isointense with the liver parenchyma, (fig. 
2.215) [351-3531. 

Portal hypertension results from obstruction at pre- 
sinusoidal (e.g., portal vein), sinusoidal (e.g., cirrhosis), 
postsinusoidal (e.g., hepatic vein), or multiple levels 
[354]. The most common cause of portal hypertension 
is cirrhosis. Portal hypertension causes or exacerbates 
complications of cirrhosis such as variceal bleeding, 
ascites, and splenomegaly. Portosystemic shunts may be 
identified with 2D time-of-flight techniques or gadolin- 
ium-enhanced SGE sequences. Gadolinium-enhanced 
3D GE imaging, alone or with fat suppression, is a 
particularly effective technique. Direction of flow may 
be determined by using 2D phase-contrast techniques, 



or directional information may be derived by observing 
time-of-flight effects in the main portal vein and cor- 
relating it with time-of-flight effects in the aorta and 
inferior vena cava (IVC). The latter technique is best 
performed by acquiring superior and inferior multislice 
slabs, the bottom and top respectively, of the two slabs 
obtained at the level of the porta hepatis. 

In the early stages of portal hypertension, the portal 
venous system dilates but flow is maintained. Later, 
substantial portosystemic shunting develops, reducing 
the volume of flow to the liver and decreasing the size 
of the portal vein. With advanced portal hypertension, 
portal flow may reverse and become hepatofugal. 
Thrombosis of the portal veins may develop, with 
development of collaterals referred to as cavernous 
transformation (figs. 2.216 and 2.217). 

Mesenteric, omental, and retroperitoneal edema 
occur commonly in patients with cirrhosis, because of 
portal hypertension (figs. 2.218-2.220). The appearance 
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Fig. 2.211 Cirrhosis with low-grade dysplastic nodules. T2-weighted fat-suppressed SS-ETSE id), SGE (&), out-of-phase SGE 
(c), and immediate (d) and 90-s fat-suppressed (e) postgadolinium SGE images. A nodule is present in segment 5 of the liver, which 
is low signal intensity on T2 (a) and high signal intensity on Tl (£>), does not drop in signal intensity on out-of-phase image (c), and 
enhances to the same extent as background parenchyma on early id)- and late (e)-phase images compatible with a low-grade dys- 
plastic nodule. 
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Fig. 2.211 (Continued) T2-weighted fat-suppressed SS-ETSE (f, k), SGE (g, f), out-of-phase SGE (h, m), and immediate (/, n) 
and 90-s fat-suppressed (/', o) postgadolinium SGE images in a second and third patient with low-grade dysplastic nodules. In both 
cases, the low-grade dysplastic nodules are most evident on Tl (g, I) and out-of-phase (h, m) images. On the other sequences, the 
low-grade dysplastic nodules have signal intensity similar to background parenchyma. 
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Fig. 2.211 (Continued) 



of mesenteric edema varies from a mild infiltrative 
haze to a substantial masslike sheath that engulfs the 
mesenteric vessels [322, 355]. Gastrointestinal wall thick- 
ening is seen in as many as 25% of patients with end- 
stage cirrhosis, also secondary to portal hypertension. 
Many of these patients do not have specific bowel 
symptoms [322]. 

Portal varices arise from increased portal pressure, 
and portal blood is shunted into systemic veins, bypass- 
ing hepatic parenchyma. Nutrients absorbed from the 
gastrointestinal (GI) tract are metabolized less effectively, 
and hepatic function decreases. Toxic metabolites 
such as ammonia accumulate in the blood and result in 
clinical manifestations such as hepatic encephalopathy. 
Diminished portal flow to the liver parenchyma is a 
major factor in the production of liver atrophy and pre- 
vention of regeneration [356], and portosystemic shunt- 
ing may play a role in the development of hepatic 
atrophy in advanced cirrhosis. Major sites of portosys- 



temic collateralization include gastroesophageal junction, 
paraumbilical veins (figs. 2.221 and 2.222), retroperito- 
neal regions, perigastric, splenorenal, omentum, perito- 
neum, and hemorrhoidal veins [337]. Esophageal varices 
are a serious complication because they may rupture and 
produce life-threatening hemorrhage (fig. 2.223). Flow- 
sensitive gradient-echo or gadolinium-enhanced gradi- 
ent-echo images effectively demonstrate varices as 
high-signal tubular structures (fig. 2.224) [357]. Varices 
are particularly conspicuous with fat suppression and 
gadolinium enhancement on gradient-echo images as 
the competing high signal intensity of fat is removed. 
Gadolinium-enhanced water excitation gradient echo is 
another approach to demonstrate varices, as the excita- 
tion pulse possesses time-of-flight effects that accentuate 
the high signal in vessels produced by gadolinium 
enhancement. These sequences are more sensitive than 
contrast angiography, endoscopy, or contrast-enhanced 
CT imaging for detecting varices [358]. 
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Fig. 2.212 Cirrhosis with low-grade dysplastic nodule. 

T2-weighted fat-suppressed SS-ETSE (a), SGE (b), out-of-phase SGE 
(c), and immediate id) and 90-s fat-suppressed (e) postgadolinium 
SGE images. There is a nodule in the right hepatic lobe that shows 
low signal intensity on T2 (a) and high signal intensity on Tl (&), 
does not drop in signal intensity on out-of-phase image (arrow, c), 
and shows minimal enhancement on early-phase image id) with 
isointensity with background parenchyma on late-phase image (e). 
Note also the presence of ascites. 




Porta Hepatis Lymphadenopathy 

Porta hepatis lymphadenopathy is a common finding in 
benign and malignant liver disease. Porta hepatis lymph- 
adenopathy is almost invariably present in chronic liver 
disease [3591. The detection of malignant porta hepatis 



lymph nodes is crucial in decision making for manage- 
ment of patients with malignant disease. The most effec- 
tive approach for the detection of lymph nodes is the 
combined use of a fat-suppressed T2-weighted sequence 
and interstitial-phase gadolinium-enhanced Tl -weighted 
fat-suppressed imaging. On the T2 sequence, lymph 
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Fig. 2.213 Cirrhosis with high-grade dysplastic nodules. Echo-train STIR (a), SGE (£>), and immediate (c) and 90-s fat- 
suppressed id) postgadolinium SGE images. The liver is small and nodular, compatible with cirrhosis. There is a 1-cm lesion (arrow, 
c) in segment 4 that is not evident on T2 (a)- or Tl (£>)-weighted images but displays intense enhancement on the immediate post- 
gadolinium image (c) and fades to isointensity on the late image (d), consistent with a high-grade dysplastic nodule. Note also the 
presence of ascites and collateral vessels. 

T2-weighted fat-suppressed SS-ETSE (e), SGE (/"), and immediate (g, h) and 90-s fat-suppressed (i) postgadolinium SGE images 
in a second patient. The liver is very small, nodular, and irregular in contour, consistent with cirrhosis. Multiple nodules are identi- 
fied in the liver that demonstrate isointense to mildly high signal intensity on T2 (e), low signal intensity on Tl (/"), and intense 
enhancement immediately after administration of contrast (g, b), with persistent enhancement on late images (i), compatible with 
high-grade dysplastic nodules. Note the hemangiomas in the left lobe of the liver, Gamna-Gandy bodies in the spleen and large- 
volume ascites. 
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Fig. 2.213 (Continued) 



nodes are moderately high signal and both liver and 
background fat are relatively low signal, rendering excel- 
lent conspicuity. Definition of the rounded contour of 
lymph nodes is optimal with the gadolinium-enhanced 
Tl -weighted fat-suppressed technique and thereby dis- 
tinguishes rounded lymph nodes from ill-defined inflam- 
matory tissue, which is also high signal on T2 (fig. 2.225). 

Iron Overload 

Primary (Idiopathic Hemochromatosis) 

Genetic Hemochromatosis. Genetic hemochro- 
matosis (GH) is a common genetic disorder among the 
Caucasian population in the United States [360]. GH 
results from excessive gastrointestinal absorption and 
deposition of iron in tissues such as liver, heart, pan- 
creas, anterior pituitary, joints, and skin. Early in the 
disease process, iron accumulation is restricted to the 
liver (fig. 2.226) [361]. Pathologic features of hemochro- 
matosis in the liver include iron deposition as hemosid- 
erin pigment granules in hepatocytes. Iron is a direct 
hepatotoxin. Fibrous septa develop slowly, leading to 



micronodular cirrhosis. Kupffer cell (RES) uptake of 
hemosiderin pigment is not marked. Over time, iron 
deposition progresses to involve other organs, primarily 
the pancreas and heart (fig. 2.227). Serologic abnormali- 
ties and mild symptoms may occur earlier in life, but 
the clinical signs and symptoms do not appear until the 
fifth or sixth decade of life [360]. Disease detection at 
an early stage, with institution of phlebotomy therapy, 
may result in a normal life expectancy [362]. Untreated, 
it results in end-organ damage, which may include cir- 
rhosis and HCC; HCC often is the cause of death [360, 
363, 364]. 

A diagnostic feature of idiopathic hemochromatosis 
is that signal intensity of the spleen is not substantially 
decreased on T2-weighted or T2*-weighted images. This 
finding is due to accumulation of iron within the paren- 
chyma of the liver and pancreas and lack of selective 
uptake by the RES in the spleen. The presence of iron 
deposition in the pancreas correlates with irreversible 
changes of cirrhosis in the liver. 

Some patients who present with HCC have previ- 
ously unsuspected GH (fig. 2.228) [365]. Because tumor 
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Fig. 2.214 Cirrhosis with high-grade dysplastic nodule. T2-weighted SS-ETSE (a), SGE (b), and immediate (c) and 45-s (d) 
postgadolinium SGE images in a cirrhotic patient. A high-grade dysplastic nodule is appreciated at the junction between segments 
8 and 5, which demonstrates mildly high signal intensity on T2 (a), isointensity on Tl (&), and intense homogeneous enhancement 
on early-phase image (arrow, c) that fades on 45-s image (d). 

T2-weighted fat-suppressed SS-ETSE (e), SGE (/"), and immediate (g) and 90-s fat-suppressed (h) postgadolinium SGE images and 
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Fig. 2.214 (Continued) T2-weighted SS-ETSE (/), SGE (/'), and immediate (k) and 90-s fat-suppressed (/) postgadolinium SGE 
images in a second and third cirrhotic patient with a high-grade dysplastic nodule. The nodule shows mildly high signal intensity 
on T2-weighted image (e), mildly low signal intensity on Tl-weighted image (/"), and intense enhancement on early-phase image 
(g) that fades on late-phase image (h). The same findings are observed in the third patient (arrow, k). 
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Fig. 2.215 Development of HCC from high-grade dysplastic nodule and nodule-in-nodule appearance of early HCC. 

Fat-suppressed T2-weighted SS-ETSE (a), SGE (b), and immediate (c) and 90-s fat-suppressed id) postgadolinium SGE images. A 
lesion is seen in the left lobe that shows slightly high signal intensity on T2-weighted image (a) and slightly low signal intensity on 
Tl-weighted image (b) and demonstrates moderate enhancement on early-phase image (c) that fades to background parenchyma 
on late-phase image (d), compatible with a high-grade dysplastic nodule. Fat-suppressed T2-weighted SS-ETSE (e), SGE (/"), and 
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Fig. 2.215 (Continued) immediate (g) and 90-s fat-suppressed (h) postgadolinium SGE images in a 6-month follow-up examina- 
tion show an intense enhancement on early-phase image (g) that washes out with capsule enhancement on late-phase image (arrow, 
h), consistent with HCC. T2-weighted fat-suppressed SE (i), Tl-weighted SGE (/'), and Tl-weighted immediate (&) and 90-s post 
gadolinium (/) images in a second patient. T2-weighted (i) and Tl-weighted (/') images show two areas in the right hepatic lobe 
that exhibit high and low signal intensity, respectively. After contrast, one of the areas demonstrates two foci (arrows, k) of intense 
enhancement that fades on late-phase images (/), consistent with small HCCs within a dysplastic nodule. (Courtesy of Masayuki 
Kanematsu, M.D., Gifu University, Japan.) 





Fig. 2.216 Cavernous transformation of the portal vein. Immediate (a) and 90-s fat-suppressed (b) postgadolinium SGE 
images in a patient who has a history of cirrhosis. Thrombus (arrow, a) is present in a diminutive portal vein, and multiple small 
serpiginous collateral vessels (arrows, b) are identified in the porta hepatis, consistent with cavernous transformation. Note also 
ascites and splenomegaly. 





Fig. 2.217 Gastric varices and cavernous transformation of the portal vein. Transverse 45-s postgadolinium SGE images 
(a, b) demonstrate a cirrhotic liver with irregular contour and multiple low-signal-intensity <5-mm regenerative nodules. Prominent 
varices are present along the lesser curvature, which are well shown on portal-phase postgadolinium images. Multiple small serpigi- 
nous enhancing structures are present in the porta hepatis (arrow, b) that reflect cavernous transformation of the portal vein. A 
prominent varix is present along the lesser curvature (arrow, a). Signal-void small-volume ascites is also present (a, b). 




Fig. 2.218 Intraperitoneal and omental varices. Trans- 
verse 1-min postgadolinium SGE image demonstrates a tangle of 
small-caliber varices in the right intraperitoneal space with involve- 
ment of the omentum (arrows) and in a perisplenic location. 
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Fig. 2.219 Omental hypertrophy. Coronal T2-weighted SS- 
ETSE (a), transverse SGE Qf) and 90-s fat-suppressed (c) postgado- 
linium SGE images in a cirrhotic patient that show substantial 
omental hypertrophy well shown on coronal image (arrows, a). 
Note that the majority of the omentum suppresses on the fat- 
suppressed image (c). 




Fig. 2.220 Cirrhosis and peritoneal enhancement. 

Interstitial-phase gadolinium-enhanced fat-suppressed SGE image 
demonstrates mild linear peritoneal enhancement (arrow) consis- 
tent with microvarices in the peritoneal lining. 
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Fig. 2.221 Cirrhosis, paraumbilical varices (caput 
medusa). Transverse 90-s postgadolinium SGE image demon- 
strates large varices along the right paramedian peritoneum. 
Multiple subcutaneous paraumbilical varices are present, which 
are rendered very conspicuous because of removal of the compet- 
ing high signal of fat. 




Fig. 2.222 Cirrhosis, varices, recanalized umbilical vein. 

Transverse 45-s postgadolinium SGE image demonstrates recanali- 
zation of a very large umbilical vein. Note that small paraesopha- 
geal varices (arrows) are also present. 





Fig. 2.223 Cirrhosis, paraesophageal varices. Transverse 45-s postgadolinium SGE images (a, b) in two patients demonstrate 
large paraesophageal varices. 




Fig. 2.224 Congenital hepatic fibrosis with massive 
varices. Transverse 45-s postgadolinium SGE (a, b) and maximum- 
intensity projection (MIP) reconstructed 90-s postgadolinium SGE 
(c) images. Massive esophageal varices (arrows, a) and large varices 
along the lesser curvature of the stomach are present (large arrow, 
b). The 3D reconstructed SGE images demonstrate the craniocaudal 
extent of esophageal varices (arrows, c). Gamna-Gandy bodies are 
present in the spleen (small arrows, b). 






(a) (b) 

Fig. 2.225 Porta hepatis lymph nodes. Echo-train STIR (a, b) and 90-s fat-suppressed postgadolinium SGE (c, d) images; 
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Fig. 2.225 (Continued) echo train-STIR (e) and 90-s fat-suppressed postgadolinium SGE (/") images; and 90-s fat-suppressed 
postgadolinium SGE images (g, h) in three patients with porta hepatis lymph nodes (arrows, a, b, g, h). The lymph nodes in the 
porta hepatis are best detected by the combination of identification of high-signal tissue on T2-weighted fat-suppressed images (a, 
b, e) and demonstration that the high-signal tissue has definable convex margins on interstitial-phase gadolinium-enhanced fat- 
suppressed SGE images (c, d, f, g, h). All of these patients have chronic hepatitis or cirrhosis. Enlarged porta hepatis lymph nodes 
are common in patients with chronic liver disease, especially secondary to hepatitis C infection. 
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Fig. 2.225 (Continued) Echo-train STIR (/) and 90-s fat- 
suppressed postgadolinium SGE (/) images in a patient who has a 
history of squamous cell skin cancer. Multiple enlarged lymph 
nodes are present in the porta hepatis and celiac axis regions, 
consistent with malignant lymphadenopathy. Note also the pres- 
ence of liver metastases. The combined use of fat-suppressed 
T2-weighed sequence and gadolinium-enhanced Tl -weighted fat- 
suppressed images is the most consistent method to demonstrate 
porta hepatis lymphadenopathy. 

Echo-train STIR (&), SGE (/), and 90-s fat-suppressed post- 
gadolinium SGE (m) images in a patient who has a history of 
HCC. There is a portal caval lymph node that demonstrates 
intermediate signal on T2 (k) and low signal on Tl -weighted 
images (/) and moderate enhancement after administration of con- 
trast (m). Malignant lymph nodes tend to have a rounded configu- 
ration, as in this case. Fat-suppressed T2-, non-fat-suppressed 
noncontrast T1-, and fat-suppressed gadolinium-enhanced Tl- 
weighted sequences have good contrast between lymph nodes 
and background tissue. 
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Fig. 2.226 Idiopathic hemochromatosis, early disease. 

T2-weighted fat-suppressed ETSE (a), out-of-phase SGE (b), and 
immediate postgadolinium SGE (c) images. The liver is low in signal 
intensity on noncontrast T2-weighted (a) and Tl -weighted (b) 
images, consistent with substantial iron deposition. The spleen is 
relatively normal in signal intensity on these sequences, reflecting 
that iron is not in the RES but in the hepatocytes. The pancreas 
(arrow, a, b) is normal in signal intensity on noncontrast images 
and enhances normally with gadolinium. Iron deposition limited 
to the liver is consistent with early precirrhotic disease. 





Fig. 2.227 Idiopathic hemochromatosis, advanced disease. Transverse (a) and coronal (b) SGE and coronal 45-s postgado- 
linium SGE (c) images. The precontrast Tl -weighted image (a) demonstrates signal-void liver and pancreas (arrows, a). The coronal 
SGE image (b) also demonstrates low-signal-intensity left ventricular myocardium (arrow, b). On the 45-s postgadolinium image (c), 
multiple enhanced varices are shown (arrows, c), which reflects portal hypertension secondary to cirrhosis. 
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Fig. 2.227 (Continued) T2-weighted SS-ETSE (d), SGE (<?), 
out-of-phase SGE (/"), and 90-s fat-suppressed postgadolinium SGE 
(g) images in a second patient with idiopathic hemochromatosis 
and chronic liver disease. The liver is moderately lower in signal 
intensity on T2-weighted (d) and Tl-weighted (e) images, consis- 
tent with iron deposition. Relative increase in signal intensity of 
the liver on out-of-phase images confirms that iron accounts for 
the low signal, as evidenced by lesser magnetic susceptibility 
effects on shorter TE sequences. Late-phase images (g) show 
enhancement of fibrous tissue consistent with a chronic liver 
disease. 
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Fig. 2.228 Multifocal HCCs superimposed on idiopathic hemochromatosis. Fat-suppressed T2-weighted SS-ETSE (a), 
SGE (£>), and immediate (c) and 90-s fat-suppressed id) postgadolinium SGE images. There are three HCC nodules that show slight 
increased signal on T2-weighted (a) and Tl -weighted (b) images and mildly increased enhancement immediately after gadolinium 
administration (c) and fade slightly over time id). The liver is small and irregular in contour and demonstrates diffuse marked 
decreased signal intensity on T2-weighted (a) and Tl-weighted (b) images, even after contrast, consistent with hepatocellular iron 
deposition in idiopathic hemochromatosis. Note also ascites. 

Echo-train STIR (e) and immediate (/") and 90-s fat-suppressed (g) postgadolinium SGE images in a second patient with idiopathic 



368 



Chapter 2 LIVER 



Fig. 2.228 (Continued) hemochromatosis. There is a very 
large HCC involving the entire left lobe and segments 5 and 8 of 
the right lobe that demonstrates heterogeneous and moderately 
increased signal on T2-weighted images and heterogeneous gado- 
linium enhancement. The entire portal venous system is expanded 
and enhances after gadolinium administration (arrow, f), consis- 
tent with tumor thrombus. Marked decreased signal intensity 
of liver parenchyma reflects the iron deposition in idiopathic 
hemochromatosis . 




cells do not contain excess iron [366, 367] they are well 
shown as high-signal-intensity masses relative to iron- 
overloaded liver on T2-weighted images. In a patient 
with hemochromatosis, nonsiderotic nodules that are 
not hemangiomas or cysts are highly suspicious for HCC 
[364], because regenerative nodules in these patients 
contain iron. Dysplastic nodules in patients with 
increased hepatic iron may contain a different concen- 
tration of iron than surrounding hepatic parenchyma. 

Secondary Hemochromatosis 

Transfusional Iron Overload. Transfusional iron 
overload is the most common form of excess iron depo- 
sition in North America. Fibrosis is usually mild despite 
even heavy iron stores, and cirrhosis is rare. Iron depo- 
sition in the RES results in low signal intensity of the 
spleen, liver, and bone marrow on MR images, best 
shown on T2- or T2*-weighted images. 

Iron overload from multiple transfusions may be 
distinguished from genetic hemochromatosis in that 
large amounts of iron accumulate primarily within the 
RES of the liver (Kupffer cells) and spleen (monocytes/ 
macrophages) in transfusional overload, with relative 
sparing of the functional cells within the parenchyma. 
Evaluation by MRI of pancreatic and splenic signal 
intensity allows this distinction. Signal intensity of the 
spleen is usually normal with genetic hemochromatosis, 
whereas signal intensity of the pancreas is normal with 
most cases of transfusional overload. In massive iron 
overload (e.g., >100 units) direct tissue deposition may 
occur in other cells and tissues, notably the pancreas 
(fig. 2.229) B61, 365]. 

Regional variation in iron deposition in the liver 
parenchyma may occur, such as diffuse heterogeneous 
(fig. 2.230) or homogeneous iron deposition with focal 
sparing (fig. 2.231) and focal iron deposition. MR fea- 



tures are highly associated with the degree of iron 
overload in the liver [368-370]. In mild forms of trans- 
fusional overload, signal loss is appreciated only on 
T2- and T2*-weighted images, and signal intensity on 
Tl -weighted images appears relatively normal (fig. 
2.232). In moderate to severe forms of iron deposition, 
the T2-shortening effect of iron results in low signal on 
Tl-weighted images as well (fig. 2.233). If liver and 
spleen are gray on in-phase SGE (TE = 4.2 ms), we con- 
sider iron deposition moderate, and if liver and spleen 
are near signal void, iron deposition is severe B6l, 365]. 

Hemolytic Anemia. Hepatic signal intensity in 
patients with hemolytic anemia varies, based on the rate 
of reincorporation of iron into the bone marrow, the 
rate of absorption of oral iron, and the transfusional 
history. Patients with thalassemia vera have increased 
absorption of oral iron and, in the absence of blood 
transfusions, will develop erythrogenic hemochromato- 
sis primarily affecting the liver [371]. The appearance is 
generally indistinguishable from idiopathic hemochro- 
matosis (fig. 2.234). Patients with heterozygous forms 
of hemolytic anemias may not have low enough red 
blood cell counts or hemoglobin levels to necessitate 
transfusion, and may therefore develop this pattern of 
iron overload. The majority of patients with hemolytic 
anemias have received blood transfusions and therefore 
also develop coexisting transfusional iron overload 
(fig. 2.235). 

Patients with sickle cell anemia have rapid turnover 
of hepatic iron and will have normal hepatic signal 
intensity unless they have undergone recent blood 
transfusions [371]. Renal cortical signal intensity may be 
decreased because of filtration and tubular absorption 
of free hemoglobin, the severity of which is not depen- 
dent on transfusional history (see chapter 9, Kidneys) 
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Fig. 2.229 Transfusional siderosis, massive. Coronal SS-ETSE (a), T2-weighted fat-suppressed ETSE (&), SGE (c), and imme- 
diate postgadolinium SGE (d) images. Massive iron deposition is present in the liver, spleen, and pancreas (a-c), demonstrated by 
signal-void liver, spleen, and pancreas. Magnetic susceptibility causes a "blooming" appearance surrounding the pancreas (c). These 
organs remain signal void after gadolinium administration (d). 

T2-weighted SS-ETSE (e) and 1-min postgadolinium SGE (/") images in a second patient with massive iron deposition demonstrate 
dark liver, spleen, and pancreas on T2-weighted (e) and postgadolinium Tl-weighted (/") images. 
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Fig. 2.229 (Continued) T2-weighted SS-ETSE image (g) in a 
third patient, who is 8 years old and has a history of lymphoma. 
There is decreased signal intensity of the liver, spleen, and pan- 
creas on T2-weighted images. The decreased signal intensity in 
the pancreas reflects multiple blood transfusions. 

Coronal T2-weighted SS-ETSE (/?), SGE (3), and immediate (/') 
and 90-s fat-suppressed (k) postgadolinium SGE images in a fourth 
patient with massive iron deposition in the liver and spleen. 




[361]. Iron overload in the liver and renal cortex is 
typically seen in patients with paroxysmal nocturnal 
hemoglobinuria [365]. 

Cirrhosis. Hepatocellular iron is commonly mildly 
increased in patients with cirrhosis, particularly those 



with cirrhosis secondary to ethanol abuse. Anemia, pan- 
creatic insufficiency, and/ or decrease in the synthesis 
of transferrin probably all contribute to the excess iron 
deposition [372]. The degree of signal loss of the liver 
is not as great as that seen with idiopathic hemochro- 
matosis or transfusional siderosis. 
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Fig. 2.230 Transfusional siderosis, heterogeneous iron 
deposition. T2-weighted SS-ETSE (a), SGE (&), and immediate 
postgadolinium SGE (c) images in a patient who has a history of 
acute leukemia. The liver and spleen are low signal intensity on 
T2-weighted (a) and Tl -weighted (b) images, consistent with iron 
deposition. On pre- and postcontrast Tl-weighted images, there 
is a heterogeneous appearance consistent with heterogeneous 
distribution of iron deposition, in the setting of transfusional 
siderosis. 



Coexisting Fat and Iron Deposition 

Fat and iron deposition may occur concurrently within 
the liver. Coexisting fat and iron deposition may be 
demonstrated by using several gradient-echo MR 
sequences with differing in-phase (TE = 4.2 ms) and 
out-of-phase (TE = 2.1ms) echo times. In the presence 
of iron, signal intensity of the liver will decrease steadily 
as echo time increases because of T2* effects. At out- 
of-phase echo time both higher than and lower than 
the echo time for in-phase images, a disproportionate 
drop of liver signal intensity will occur relative to spleen 
because of fat-water phase cancellation. The combined 
observations that liver and spleen are nearly signal void 
on T2-weighted images, reflecting iron deposition, and 
that liver drops in signal intensity relative to spleen, 
comparing out-of- phase to in-phase SGE images, 
reflecting fat deposition, are also diagnostic for coexis- 
tent iron and fat deposition (fig. 2.236). 



Fatty Liver 

Fatty liver or steatosis is defined as accumulation of 
triglycerides within hepatocytes. It constitutes one of 



the most common abnormalities in liver surgical or 
autopsy specimens. The causes of hepatic steatosis 
include alcohol abuse, diabetes mellitus, obesity, mal- 
nutrition, and exposure to toxins [388]. Fatty degenera- 
tion may present as diffuse, uniform, or patchy and 
focal or with spared foci of normal liver. At times, focal 
fatty infiltration or geographic regions of normal liver 
within fatty liver (fat sparing) may mimic the appear- 
ance of mass lesions. 

Fatty liver may interfere with the detection of focal 
liver masses on CT images or sonography [373]. 
However, out-of-phase gradient-echo (TE = 2.1ms) 
imaging is a highly accurate MRI technique to examine 
for fatty liver and to distinguish focal fat from neoplastic 
masses (figs. 2.237 and 2.238) [374, 375]. Fat in substan- 
tial amount has high signal intensity on in-phase Tl- 
weighted images because of its short Tl. Comparing 
out-of-phase (TE = 2.1ms) to in-phase (TE = 4.2ms) 
gradient-echo images, the presence of fatty metamor- 
phosis results in signal loss. This signal loss on out-of- 
phase images is progressively more evident in moderate 
and severe fatty infiltration [309]. The spleen is generally 
used as the organ of reference for signal loss. As fat 
content approaches 50% of the voxel element in the 






Fig. 2.231 Transfusional siderosis with focal sparing. Echo train-STIR (a), SGE (£>), out-of-phase SGE (c), and immediate 
postgadolinium SGE (d) images. The liver is enlarged and demonstrates decreased signal reflecting iron deposition. There is a region 
in segment 4 with increased signal intensity on the Tl -weighted image (If). On the short TE out-of-phase image (c), the susceptibil- 
ity artifact from iron diminishes, resulting in a decrease in the signal intensity difference between iron-deposited and normal liver. 
This is virtually the opposite effect from that seen in focal normal liver in the setting of fat infiltration. Normal vessels are appreci- 
ated extending through the focal normal liver on the postgadolinium image id). 





Fig. 2.232 Transfusional siderosis, mild. T2-weighted fat-suppressed ETSE (a) and SGE (b) images. On the T2-weighted 
image (a), the liver and spleen are low in signal intensity and the pancreas is normal in signal intensity. Signal intensity of the liver, 
spleen, and pancreas appear normal on the Tl -weighted image (£>). Iron deposition in the liver and spleen that results in signal loss 
appreciable only on T2-weighted images, and not on Tl -weighted images, is compatible with mild transfusional siderosis. 
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Fig. 2.233 Transfusional siderosis, moderate to severe. 

Coronal T2-weighted SS-ETSE (a), coronal SGE (£>), and transverse 
SGE (c) images. Low signal intensity of the liver and spleen is 
present on T2-weighted images (a). Mildly low signal intensity of 
the liver and moderately low signal intensity of the spleen are 
observed on Tl -weighted images (b, c), consistent with moderate 
iron deposition. 

T2-weighted fat-suppressed ETSE (d) and SGE (e) images in a 
second patient demonstrate very low signal intensity of the liver 
and spleen on T2-weighted id) and Tl-weighted (e) images con- 
sistent with severe iron deposition. 



liver, the liver appears blacker relative to the spleen 
on out-of-phase (TE = 2.1ms) compared to in-phase 
(TE = 4.2 ms) sequence. For lesser amounts of fat (<15%) 
the signal of liver on out-of-phase sequence appears 
near equivalent to the signal of spleen. 

Diffuse liver steatosis can be categorized by MRI 
based on the degree of fatty infiltration as follows: I, 
severe; II, moderate; III, mild; and IV, minimal. Severe 



steatosis demonstrates a very dramatic loss of signal on 
out-of-phase images compared to in-phase images; 
moderate steatosis shows that liver signal intensity 
drops below the signal of the spleen on out-of-phase 
images but not as intense as severe steatosis; mild ste- 
atosis exhibits equivalent signal intensity of liver and 
spleen on short TE out-of-phase images; and minimal 
steatosis is a subjective classification that we have begun 
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Fig. 2.234 Heterozygous thalassemia. T2-weighted fat- 
suppressed ETSE (a), SGE (&), and 45-s (c) and coronal 90-s id) 
postgadolinium SGE images. The liver demonstrates severe iron 
deposition and is signal void on T2 (a)- and Tl (6)-weighted 
images. The spleen is greatly enlarged and shows negligible iron 
deposition but does contain Gamna-Gandy bodies (arrow, b). The 
pancreas is modestly low in signal intensity (arrow, a). Varices 
along the lesser curvature and within the gastric wall (arrow, c) 
are clearly shown on the 45-s postgadolinium images. Splenomegaly 
(d), Gamma- Gandy bodies, and varices are secondary to portal 
hypertension. The pattern of iron deposition reflects increased 
intestinal absorption without transfusional siderosis, which is a 
common appearance for heterozygous hemolytic anemias because 
these patients often do not require blood transfusions. 

Coronal SS-ETSE (e), SGE (/"), and immediate post gadolinium 
SGE (g) images in a second patient with history of heterozygous 
thalassemia. The liver is signal void on both T2-weighted (a) and 
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Fig. 2.234 (Continued) Tl-weighted (/") images, reflecting iron deposition. The spleen is enlarged and normal in signal inten- 
sity, reflecting that the patient has not required blood transfusion. Note the presence of two lesions in the spleen consistent with 
hemangiomas. 





Fig. 2.235 OC-Thalassemia. Coronal SGE (a) and T2-weighted 
fat-suppressed ETSE (b) images. Enlargement of the liver and 
spleen is apparent on Tl-weighted image (a). These organs are 
also lower in signal intensity than psoas muscle on Tl-weighted 
(a) and T2-weighted (b) images, consistent with severe iron depo- 
sition in the RES. Vertebral bodies are nearly signal void, which 
also reflects RES iron deposition. The pancreas is nearly signal void 
(arrow, £>), reflecting coexistent iron deposition into tissues. SGE 
image (c) through the pelvis shows nearly signal-void pelvic bones 
secondary to iron deposition in the RES. 






Fig. 2.236 Coexistent iron and fatty deposition. T2-weighted fat-suppressed SS-ETSE id), SGE (b), and out-of-phase SGE (c) 
images. On T2-weighted images (a), the liver, spleen, and bone marrow (arrow, a) are nearly signal void, which is consistent with 
coexistent iron deposition. On Tl -weighted images (£>), liver and spleen have a normal signal intensity pattern, with the liver higher 
in signal intensity than the spleen. On the shorter echo-time out-of-phase image (c), the liver drops in signal intensity below that 
of spleen, which is consistent with fatty infiltration. Ascites is well shown as high-signal intensity fluid along the liver margin on 
the T2-weighted image (a). 

Echo train STIR (d), in-phase SGE (e), and out-of-phase SGE (/") images in a second patient demonstrate iron deposition and 
mild fatty infiltration in the liver. Iron deposition is shown by the low signal on T2-weighted image (d), and fat is shown by the 
loss of liver-spleen contrast on the shorter-TE out-of-phase sequence (/"). Iron alone would result in an increase in liver-spleen 
contrast on the shorter-TE sequence. 

These cases illustrate the effect of iron on T2-weighted images. It is essential to be aware that Tl -weighted gradient-echo 
sequences demonstrate both out-of-phase effects, which cycle with in-phase and out-of-phase times, and susceptibility effects, which 
increase with increase in TE. 
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Fig. 2.237 Focal fatty liver. CT (a), SGE (b), and out-of-phase SGE (c) images. A CT image acquired in a patient with breast 
cancer demonstrates a low-density lesion in the medial segment (arrow, a). The in-phase Tl -weighted image (b) shows no lesion 
in this location, whereas on the out-of-phase image (c), signal drop occurs in the central region of the medial segment (arrow, c), 
which is diagnostic for focal fatty infiltration when combined with the information that enhancement was isointense on the hepatic 
arterial dominant-phase images. 

T2-weighted fat-suppressed ETSE (d), SGE (e), and out-of-phase SGE (/") images in a second patient. Previous ultrasound study 
in this young boy with acute myelogeneous leukemia demonstrated two liver lesions. No liver lesions are apparent on the in-phase 
Tl-weighted image (e). On the out-of-phase image (/"), two focal low-signal rounded masses are apparent (arrows, f). The T2- 
weighted image (d) does not reveal any lesion. No tumor blush was apparent on immediate postgadolinium images (not shown). 
The identification of lesions only on out-of-phase SGE images is diagnostic for fatty infiltration. 
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Fig. 2.238 Multiple small foci of fat. T2-weighted SS-ETSE (a), SGE (fr), out-of-phase SGE (c), and 45-s id) and 90-s fat-sup- 
pressed (e) post gadolinium SGE images. There are multiple small focal fat areas in the right hepatic parenchyma that drop in signal 
on out-of-phase images (a) compared with in-phase images (£>). Although there is slight hepatic heterogeneity on other sequences, 
there is no evidence of abnormal enhancement of these foci alone, supporting that this appearance is that of multiple foci of fat 
deposition. 

T2-weighted SS-ETSE (/"), SGE (g), out-of-phase SGE (h), and immediate (i) and 90-s fat-suppressed (/') postgadolinium SGE 
images in a second patient that show multiple small foci of fat scattered throughout the hepatic parenchyma. The lesions lose signal 
on the out-of-phase images Qf) and do not show differing enhancement from background liver. 
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Fig. 2.238 (Continued) 



to employ when the signal of liver and spleen converge 
on shorter TE out-of-phase compared to longer TE in- 
phase, that is, liver still brighter than spleen but the 
difference is less than on the in-phase sequence. At the 
present time, detection of minimal fat has not been 
substantiated (figs. 2.239-2.242). 

FNH and metastases are the most common focal 
lesions associated with fatty liver. MRI is particularly 
effective in evaluating patients with fatty liver for 
the presence of focal lesions. Non-fat-suppressed Tl- 
weighted images and fat-suppressed T2-weighted 
images maximize the contrast between the liver and 
lesions. On non-fat-suppressed Tl-weighted images, the 
liver may be higher in signal intensity than normal liver, 
maximizing the contrast with low-signal-intensity 
masses, whereas on fat-suppressed T2-weighted images 
fatty liver is lower in signal intensity than normal liver, 
maximizing the contrast with moderately high-signal- 
intensity masses. 

An area that is isointense or hyperintense to sur- 
rounding background parenchyma on in-phase images 



and loses signal homogeneously on out-of-phase images 
is highly diagnostic for focal fatty infiltration. The lack 
of surrounding mass effect, the presence of vessels, and 
the morphology of focal fat most often permit distinc- 
tion from fat within tumors, such as HCC, adenoma, 
angiomyolipoma, or lipoma [309]. Focal fat usually has 
angular, wedge-shaped margins that are usually rela- 
tively well defined. Masses that contain fat usually have 
a rounded configuration. Common locations for focal 
fat are adjacent to the ligamentum teres, the central tip 
of segment 4, and, less commonly, along the gallbladder 
[376, 377]. Although the pathogenesis for focal fat is not 
well established, it is suggested that variations in blood 
supply may occur [378-380]. An important ancillary 
observation is that uncomplicated fatty deposition 
within the liver enhances with gadolinium usually indis- 
tinguishably from normal liver on all sequences. Almost 
invariably masses that contain fat enhance differently 
than background liver. 

Hemorrhage, melanin, copper, and protein may be 
associated with nonfatty masses with high signal inten- 
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Fig. 2.239 Minimal fatty infiltration. In-phase (a) and out-of-phase (b) SGE images. The liver appears unremarkable on the 
Tl-weighted image (a). On out-of-phase image (£>), the signal intensity of the liver converges toward the signal intensity of the 
spleen. Note that although the signal intensity of liver drops on out-of-phase image it remains higher than the signal intensity of 
the spleen, which may represent minimal fatty infiltration. 





Fig. 2.240 Mild fatty infiltration. In-phase (a) and out-of-phase (b) SGE images. The liver appears unremarkable on Tl- 
weighted images (a) and exhibits a drop in signal intensity on out-of-phase image (£>), with convergence of the signal intensity of 
the liver and spleen to comparable signal intensities. Note that the liver has not dropped lower in signal than the spleen, establish- 
ing that fatty infiltration is mild. 



sity on Tl-weighted images. Out-of-phase images dis- 
tinguish between these tumors and lipid-containing 
masses or focal fatty infiltration. Although some well- 
differentiated HCCs contain lipid, most HCCs with high 
signal intensity on Tl-weighted images do not. HCCs 
that contain lipid tend to be more well-defined masses 
than focal fatty infiltration. Moreover, HCCs are often 
encapsulated and are most commonly not homoge- 
neously fatty. They usually contain some elements with 
high signal intensity on fat-suppressed T2-weighted 



images. Of all focal hepatic lesions, hepatic adenoma 
may most closely resemble focal fatty infiltration, as 
these tumors may have relatively uniform fat content. 
Demonstration of a capillary blush on arterial dominant 
images that fades on interstitial-phase postgadolinium 
images establishes the diagnosis of adenoma. Although 
angiomyolipoma and lipoma may be composed of fat, 
they do not drop in signal intensity on out-of-phase 
images; however, these lesions will demonstrate a 
phase-cancellation artifact along their margins with 
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Fig. 2.241 Moderately severe diffuse fatty infiltration. Coronal T2-weighted SS-ETSE (a), SGE (b), and out-of-phase SGE (c) 
images. The liver is high in signal on T2-weighted image (a), which reflects the fact that fat, including fatty liver, is high signal on 
long echo-train sequences. A useful internal comparison is the psoas muscle: normal liver should be of comparable signal. Note in 
this patient that the liver is considerably higher in signal than psoas. In-phase (£>) and out-of-phase (c) images confirm moderately 
severe fatty infiltration. 

T2-weighted fat-suppressed ETSE (d), SGE (e), out-of-phase SGE (/"), and immediate postgadolinium SGE (g) images in a second 
patient. The liver demonstrates moderately severe heterogeneous drop in signal intensity on out-of-phase image (/") with respect 
to in-phase (e) image, consistent with severe diffuse patchy fatty infiltration. Note that enhancement of fatty liver (g) is generally 
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Fig. 2.241 (Continued) indistinguishable from normal when 

an in-phase echo time nonfat-suppressed sequence is used for "■ 

gadolinium-enhanced imaging. 





Fig. 2.242 Severe fatty infiltration. In-phase (a) and out-of-phase (b) SGE images and in-phase (c) and out-of-phase id) SGE 
images in two different patients both with enlarged liver and marked fatty infiltration. 
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Fig. 2.242 (Continued) Echo-train STIR (e), SGE </), out-of- 
phase SGE (g), and immediate (h) and 90-s fat-suppressed (i) 
postgadolinium SGE images in a third patient with severe fatty 
infiltration demonstrate similar findings. 



liver. The extent of fat within those tumors is higher 
than in severe liver steatosis. Because of this difference, 
it is possible to distinguish between these tumors and 
fatty liver. Also, angiomyolipoma and lipoma visibly 
lose signal when fat-suppressed techniques are 



employed because of the very high fat content, which 
is most apparent with fatty liver. 

Focal normal liver in the setting of diffuse fatty 
infiltration (focal sparing) appears as a focus of high 
signal intensity in a background of diminished-signal 
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liver on out-of-phase images (figs. 2.243 and 2.244). 
Arterioportal shunting, occlusion or compression of the 
portal vein, and decreased portal perfusion causing 
decreased delivery of lipid are the pathogenetic causes 
postulated for focal sparing [378-380]. The central tip of 
segment 4, surrounding gallbladder fossa and adjacent 
to falciform ligament, most commonly has anomalous 
vascular supply and, consequently, is more likely to 
have lesser fat deposition than the rest of the liver [376, 
377]. Metastases in the setting of fatty liver may demon- 
strate peritumoral fat sparing due to vascular compres- 
sion of this circumferential liver [309, 377, 381, 382]. 



Mucopolysaccharidoses 

The mucopolysaccharidoses are a group of inherited 
disorders caused by incomplete degradation and storage 
of acid mucopolysaccharides (glycosaminoglycans). 
The clinical manifestations result from the accumulation 
of mucopolysaccharides in somatic and visceral tissues. 
Mucopolysaccharides are major components of the 
extracellular substance of connective tissue. Widespread 
accumulation of mucopolysaccharides along with 
involvement of many organ systems is observed in this 
condition. Hepatosplenomegaly, skeletal deformities, 





Fig. 2.243 Fatty infiltration with focal sparing. SGE (a) and out-of-phase SGE (£>) images. Homogeneous signal of the liver 
is present on the Tl-weighted image (a). On the out-of-phase image (£>), the liver drops in signal, with a focus of higher signal 
adjacent to the gallbladder (arrow, b) representing focal normal liver. 

SGE (c) and out-of-phase SGE id) images in a second patient. The liver is normal in signal intensity on the in-phase image (c). 
On the out-of-phase image (d), the liver drops in signal intensity relative to the spleen, with focal sparing present in the tip of 
segment 4 (arrow, d). 
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Fig. 2.243 (Continued) SGE (e) and out-of-phase SGE (/") images in a third patient. There is a mild fatty infiltration of the liver 
with focal sparing of the tip of segment 4 (/"). 

SGE (g), out-of-phase SGE (h), immediate postgadolinium SGE (i), and 90-s postgadolinium fat-suppressed SGE (/) images in a 
fourth patient. Wedge-shaped regions of focal normal liver in a fatty deposited liver are present. Note that on 90-s postgadolinium 
image (/') these same regions are identified as higher signal. This reflects a fat suppression effect of the fatty liver, rather than a 
gadolinium-enhanced effect of the regions of normal liver. 
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Fig. 2.244 Fatty infiltration with segmental variation in fat content. SGE (a), out-of-phase SGE (£>), and immediate post- 
gadolinium SGE (c) images. On the out-of-phase (b) image, there is trisegmental signal loss with relative sparing of the posterior 
segment of the right lobe. Signal intensity on postgadolinium images (c) is unremarkable for the entire liver. 

SGE (d), out-of-phase SGE (e), immediate post-gadolinium SGE (/"), and 90-s postgadolinium fat-suppressed SGE (g) images in a 
second patient. There is slightly less fatty infiltration of the left lobe compared to the right, reflected by relatively lesser drop in 
signal on the out-of-phase image (e). After contrast, the liver enhances homogeneously. 
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Fig. 2.244 (Continued) SGE (h) and out-of-phase SGE (i) 
images and SGE (/') and out-of-phase SGE (k) images in two differ- 
ent patients demonstrate segmental fat sparing in varying degrees. 



valvular lesions, subendothelial deposits, particularly 
within the walls of coronary arteries, and CNS abnor- 
malities are common. On MR images, hepatomegaly is 
commonly observed (fig. 2.245). Specific MR imaging 
features are yet to be elucidated. Pathologic macro- 
scopic examination may show extensive fibrosis or cir- 



rhosis [2]. A report involving postmortem examination 
of six cases of mucopolysaccharidoses revealed diffuse 
liver fibrosis in all cases [383]. Microscopic examination 
shows swollen hepatocyte and Kupffer cell cytoplasm, 
filled with abnormal storage material [2]. The degree of 
disability and overall prognosis in each of the muco- 
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Fig. 2.245 Storage disease. Coronal T2-weighted SS-ETSE (a) and SGE (b) images in a patient who has a history of mucopoly- 
saccharidosis. Note enlargement of the liver well demonstrated on coronal images. 



polysacharidoses are determined by the extent of physi- 
cal and mental involvement [384]. 

Arteriovenous Fistulas 

Abnormal arterial-venous communications or fistulas 
may occur in the liver secondary to injury, tumor, or 
congenital disease. Arteriovenous fistula is a well-known 
complication of percutaneous liver biopsy [385]. 
Clinically significant or symptomatic hepatic vascular 
fistulae are uncommon but are usually caused by 
trauma, including iatrogenic trauma [386]. Fistulas are 
well shown with gadolinium-enhanced techniques, 
either as a 2D or a 3D GRE or MRA technique. MRI 
features of posttraumatic arterial-vascular communica- 
tions include dilation of afferent and efferent vessels, 
transient hepatic parenchymal blush in a watershed 
distribution, and early opacification of efferent vessels 
(fig. 2.246) [387]. A critical observation to establish the 
diagnosis is that the nidus of the shunt follows the 
enhancement characteristics of comparable intrahepatic 
vessels (i.e., they often retain contrast); whereas focal 
hepatic masses with the exception of hemangiomas, 
follow a different pattern, and often fade more quickly 
or washout. 

Congenital vascular fistulas are rare. One of the 
more common conditions is hereditary hemorrhagic 
telangiectasia (Rendu-Osler-Weber syndrome). The 
disease is characterized by telangiectasias (skin, mucous 
membranes), arteriovenous fistulas in the liver (30% of 
cases) lungs, and CNS, and aneurysms [2, 3L Visceral 
involvement has been documented in the GI tract, 
spleen, kidneys, and genital tract. On imaging, the liver 
may be filled with numerous variably sized abnormal 
arterial-venous communications. Lesions may appear 



as multiple well-defined enhancing masses that parallel 
the enhancement of vessels. A combination of vas- 
cularized lesions and thrombosed lesions may be 
observed, reflecting either the natural history of the 
condition or treatment approaches such as embolization 
(fig. 2.247). 

Portal Venous Obstruction/Thrombosis 

Thrombosis of the portal vein is generally associated with 
the presence of a hypercoaguable state, vascular injury, 
or stasis [2]. Obstruction of the portal vein may be insidi- 
ous and well tolerated or may be an acute, potentially 
life-threatening event. Most cases fall between these two 
extremes. Blockage of the portal vein may be extrahe- 
patic or intrahepatic. Common causes of extrahepatic 
portal vein obstruction include 1) massive hilar lymph- 
adenopathy due to metastatic abdominal cancer; 2) phle- 
bitis resulting from peritoneal sepsis (e.g., appendicitis); 
3) propagation of splenic vein or superior mesenteric 
vein thrombosis secondary to pancreatitis; and 4) post- 
surgical thrombosis following abdominal procedures. 
Cirrhosis is the most common intrahepatic cause of portal 
venous obstruction. Intravascular invasion by primary or 
secondary malignancy in the liver may occur [388]. 

On imaging, portal vein thrombosis may be dem- 
onstrated by using black-blood techniques (e.g., spin- 
echo techniques with superior and inferior saturation 
pulses) and bright-blood techniques (e.g., time-of-flight 
gradient echo or gadolinium-enhanced gradient echo). 
A combination of both approaches is often useful to 
increase diagnostic confidence. Portal veins may be 
occluded by tumor thrombus, bland thrombus, or 
extrinsic compression. MRI usually is able to distinguish 
between these entities. Tumor and bland thrombus may 




F (I *m 



W 




Fig. 2.246 Acquired arterio-venous malformation. SGE (a) and immediate (b) and 45-s postgadolinium SGE (c) images. 
There is a 2-cm rounded structure (arrow, a) in the posterior segment of the right lobe, with a prominent posterior branch of the 
right portal vein entering the lesion. After contrast administration, there is early minimal enhancement (b) and 45-s intense enhance- 
ment (c) of this lesion in continuity with the portal vein (c). Note also the tiny hepatic cyst or biliary hamartoma (arrow, c), nodular 
contour of the liver, and splenomegaly. 

Coronal SGE id) and gadolinium-enhanced refocused gradient-echo (e) images in a second patient. There is a lesion in the 
inferior aspect of the right lobe that demonstrates large paired vessels leading into and away from it. This lesion shows decreased 
signal on the precontrast image id) and intense enhancement after gadolinium administration (e), consistent with arterio-venous 
malformation. 

Coronal 3D gradient-echo 2-mm source image (/"), MIP reconstruction of the 2-mm 3D gradient-echo sections (g), and transverse 
90-s fat-suppressed SGE image (h) in a third patient. The 2D source image (/) demonstrates the connection between right hepatic 






Fig. 2.246 (Continued) artery and right portal vein (arrow,/) and the MIP reconstruction image (g) displays the full length of 
the dilated right hepatic artery and portal vein. On the interstitial-phase gadolinium-enhanced fat-suppressed SGE image Qf) there 
is submucosal edema of the colon with prominent serosal and mucosal enhancement reflecting congestion in the portal venous 
circulation secondary to the fistula. 

Tl -weighted fat-suppressed 3D gradient-echo immediate (i,j, U) and 45-s (/) postgadolinium images in a patient with posttrau- 
matic vascular shunts. The superior tomographic section demonstrates early opacification of the right hepatic vein (thick arrow, 
/)■ Note that the middle hepatic vein (thin arrow, i) is not opacified. A tomographic section through the mid-liver shows dilatation 
of the right portal vein (thick arrow, 7). The level of communication is also apparent (thin arrow, f). 
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Fig. 2.246 (Continued) On the more inferior tomographic 
section (&), early intense geographic enhancement is noted in the 
right lobe. On the 45-s postgadolinium images (/), the region of 
increased enhancement has faded to background liver. The three 
features of traumatic arteriovenous shunts are: i) dilation of affer- 
ent vessel, ii) transient early increased parenchymal enhancement 
in a watershed distribution, and iii) early opacification of efferent 
vessel. The nidus of the malformation or shunt follows the opaci- 
fication and enhancement pattern of comparable vessels, which 
distinguishes them from focal liver lesions. Note that on the late- 
phase images the transiently enhanced parenchyma tends to be 
isointense to background parenchyma. 

Tl -weighted fat-suppressed 3D gradient-echo (m), and imme- 
diate (n) and 90-s (o) fat-suppressed 3D gradient-echo image 
obtained at 3T demonstrating focal areas of intense enhancement 
on early phase (n) compatible with focal arteriovenous shunt. 
Note on the late phase (o) the shunt tends to be isointense as 
background parenchyma. This entity is distinguished from post- 
traumatic av shunt because there is no dilation of afferent or 
efferent vessels, or early appearance of contrast in draining veins. 



be distinguished from each other by the observation 
that tumor thrombus is higher in signal intensity on 
T2-weighted images, has soft tissue signal intensity on 
time-of-flight gradient-echo images, and enhances with 
gadolinium (fig. 2.248). Bland thrombus is low in signal 
intensity on T2 -weighted and time-of-flight gradient- 
echo images and does not enhance with gadolinium 
(figs. 2.249-2.251). Tumor thrombus is most often 
observed with hepatocellular carcinoma, most com- 
monly in the diffuse type, although it may also occur 
with metastases. Bland thrombus may be observed in 
the setting of cirrhosis and various inflammatory/infec- 
tious processes involving organs in the portal circula- 
tion, with pancreatitis being the most common. Increased 
enhancement of the vein wall is appreciated in the 
setting of infected bland thrombus. 



Extrinsic compression of portal veins is most 
commonly caused by malignant tumors, but may also 
occur with benign tumors such as hemangiomas. 
Cholangiocarcinoma, in particular, has a propensity to 
cause extrinsic compression and obstruction of portal 
veins. Lobar or segmental portal vein obstruction caused 
by tumor may result in discrete wedge-shaped regions 
of high signal intensity on T2 -weighted images and 
enhancement on immediate postgadolinium gradient- 
echo images [374, 389-3931. Increased signal intensity 
on T2-weighted images may reflect some degree of 
hepatocellular injury. Decreased blood supply results in 
decreased size of hepatocytes, which increases the 
proportion of liver volume occupied by the vascular 
and interstitial spaces. Collateral periportal veins may 
maintain portal perfusion when the main portal vein 
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Fig. 2.247 Arteriovenous malformation in Rendu- 
Osler— Weber syndrome. T2-weighted fat-suppressed ETSE (a) 
and immediate postgadolinium SGE (b) images in a patient with 
Rendu- Osier- Weber Syndrome. There are multiple varying-sized 
liver lesions, many of which demonstrate intense enhancement 
on immediate postgadolinium images (£>), representing arterio- 
venous malformation. Some lesions are low signal on T2 (a) 
and postgadolinium (b) images, consistent with hemorrhage and 
thrombosis. 

Coronal source MRA images (c, d) from more posterior (c) and 
anterior (d) locations and MIP reconstructed image (e) of fat- 
suppressed gadolinium-enhanced 3D-MRA. Extensive small hyper- 
vascular arterio-venous malformations (small arrows, c, d, e) are 
present throughout the liver. Note massive dilatation of the 
hepatic artery (arrowhead, c, e) due to the tremendous blood flow 
to the liver (Courtesy of Bharat Aggarwal, M.D., Diwan Chand 
Satya Pal Aggarwal Imaging Research Center, New Delhi, India). 
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Fig. 2.248 Portal vein thrombosis, secondary to tumor. 
Immediate postgadolinium SGE (a) and 90-s postgadolinium SGE 
(b>) images. A liver metastasis is present in the caudate lobe and 
the lateral segment associated with heterogeneously enhancing 
thrombus extending into the left portal vein (arrows, a). On the 
immediate postgadolinium image (a), there is increased enhance- 
ment of the left lobe, which fades by 90s (£>). 

Coronal T2-weighted SS-ETSE (c) and immediate (d) and 90-s 
fat-suppressed (e) postgadolinium SGE images in a second patient 
who has HCC. There is a mass in the bifurcation of the portal vein 
that shows mild high signal intensity on T2-weighted images (c), 
low signal intensity on Tl -weighted images (not shown), and 
negligible enhancement but with perilesional enhancement on 
early-phase image id) and becomes homogeneously enhanced on 
late-phase image (e). Thrombus is present in the main portal vein 
extending from the main left branch, which demonstrates low 
signal intensity on T2-weighted images and enhances after con- 
trast administration (arrow, d), compatible with tumor thrombus. 




Fig. 2.248 (Continued) Immediate postgadolinium SGE (f, b), T2-weighted fat-suppressed SS-ETSE (g), and 90-s fat-suppressed 
postgadolinium SGE (i) images in a patient with a HCC. There is a mass in the left hepatic lobe that shows faint enhancement on 
early-phase postgadolinium image (/"). The left, right, and main portal veins are expanded and appear low signal intensity on T2- 
weighted images (g) and early-phase images (b) with mild progressive enhancement on late-phase images (i) consistent with tumor 
thrombus. 





Fig. 2.249 Portal and splenic vein thrombosis — subacute blood thrombus. Coronal T2-weighted SS-ETSE (a), coronal 
SGE (b), T2-weighted fat-suppressed SS-ETSE (c), SGE (d), fat-suppressed SGE (e), and 90-s fat-suppressed (f, g, b) postgadolinium 
SGE images in a 21-yr-old man who has a history of spontaneous retroperitoneal hematoma associated with portal and splenic vein 
thrombosis. There is marked dilatation of the splenic vein, portal vein, and proximal superior mesenteric vein, which contains 
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Fig. 2.249 (Continued) an expansile thrombus (arrows, a-c) extending throughout the venous system. The thrombus demon- 
strates an increased signal intensity rim on Tl-weighted images (b, d, e) and a small focus of increased signal intensity (arrow, d) 
within the thrombus, consistent with blood products at different stages of breakdown. Fat-suppressed postgadolinium images (f, 
g) demonstrate no evidence of enhancement within the thrombus. Thrombus is present in normal-caliber intrahepatic portal vein 
branches (arrows, f). Substantially increased enhancement of tissues surrounding the thrombosed SMV (arrow, h) suggests an 
underlying inflammatory process. 
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Fig. 2.250 Portal vein thrombosis — blood thrombus. 

SGE (a) and immediate (b) and 2-min (c) postgadolinium SGE 
images in a patient who has ascending cholangitis. The SGE image 
(a) demonstrates a liver with normal signal intensity. On the 
immediate postgadolinium image (&), increased enhancement of 
the right lobe of the liver is apparent, with signal-void thrombus 
(arrow, b) identified in continuity with the gadolinium-containing 
high-signal right portal vein. Liver parenchymal enhancement 
equilibrates by 2min (c). 






Fig. 2.251 Portal vein thrombosis — bland thrombus. SGE (a) and immediate (b) and 90-s fat-suppressed (c) postgadolinium 
SGE images. There is a bland thrombus in the right branch of the portal vein that is best visualized on the late-phase image as 



DIFFUSE LIVER PARENCHYMAL DISEASE 



397 





Fig. 2.251 (Continued) a nonenhanced tubular structure 
with adjacent enhanced portal vein (arrow, c). Note that the 
hepatic artery alone is enhanced on early-phase images, reflecting 
that image acquisition was slightly early. 

Immediate (hepatic arterial phase) id) and 90-s fat-suppressed 
(e, f) postgadolinium SGE images in a second and third patient 
with bland thrombus in the main branches of the portal vein 
(arrow, e,f). 

Ninety-second fat-suppressed postgadolinium SGE image (g) 
in a fourth patient with bland thrombus within the right portal 
vein. Note enhancement along the outer margins of the thrombus 
consistent with flow around the thrombus (arrow, g). 



is thrombosed. In time, this network of collateral venous 
channels dilates and the thrombosed portal vein 
retracts, producing cavernous transformation [394, 395]. 
Obstruction of segmental portal vein may also cause 
hepatic atrophy, with compensatory hypertrophy of 
other segments [374, 389]. 

After administration of intravenous gadolinium, 
transient increased enhancement of hepatic parenchyma 
may be apparent in areas with decreased portal perfu- 
sion during the hepatic arterial dominant phase of 
enhancement (see figs. 2.248 and 2.250) [396]. Exact 
correlation between perfusion defects on CTAP and 
regions of transient high signal intensity on immediate 
postgadolinium gradient-echo images has been reported 
in eight patients (fig. 2.252) [396]. These findings showed 
that regions with absent or diminished portal venous 
supply received increased hepatic arterial supply. This 
paradoxical increased enhancement of hepatic paren- 
chyma distal to an obstructed portal vein branch largely 
reflects increased hepatic arterial supply due to an 
autoregulatory mechanism. Segments with obstructed 
portal venous supply and increased hepatic arterial 
supply will display early intense enhancement after 
contrast administration. Gadolinium delivered in the 
first pass is more concentrated in hepatic arteries than 
in portal veins and is delivered earlier by hepatic arter- 
ies than by portal veins. On later images, concentration 
of gadolinium in hepatic arteries and portal veins equili- 
brates, which explains the transient nature of the 
increased enhancement. In general, portal venous com- 
promise appears as transient increased enhancement in 
a segmental distribution of involved liver. 

Hepatic Venous Thrombosis 

Budd-Chiari 

Budd-Chiari syndrome is a disorder with numerous 
causes resulting from obstruction to hepatic venous 
outflow. Although originally described for acute, usually 
fatal, thrombotic occlusion of the major hepatic veins 
or inferior vena cava, the definition of Budd-Chiari 
syndrome has been broadened to include subacute and 
chronic occlusive syndromes. 

Obstruction of venous outflow from the liver results 
in portal hypertension, ascites, and progressive hepatic 
failure. Budd-Chiari syndrome is more common in 
women, and an underlying thrombotic tendency is 
present in up to one-half of patients. Causes include 
polycythemia vera, pregnancy, postpartum state, and 
intraabdominal cancer, especially HCC [397]. Patho- 
logically, acute changes after hepatic vein thrombosis 
show dilatation of veins and congestion of sinusoids. 
As disease advances, sinusoids become collagenized 
and hepatocytes become atrophic, with loss of paren- 
chyma [2, 3]. 



Usually, hepatic venous outflow is not completely 
eliminated because a variety of accessory hepatic veins 
may drain above or below the site of obstruction. In 
some cases, obstruction may be segmental or subseg- 
mental. Although the disease most commonly involves 
major hepatic veins, demonstration of patent central 
hepatic veins may be observed as small or intermediate- 
sized veins may be occluded in isolation [398]. In the 
chronic setting, regions with completely obstructed 
hepatic venous outflow will develop shunting of blood 
from hepatic arteries to portal veins, producing reversed 
portal venous flow [392, 399-401]. The involved liver 
parenchyma is thereby deprived of portal vein supply. 
Hepatic regeneration, hypertrophy, and atrophy depend 
in part on the degree of portal perfusion [356]. Budd- 
Chiari syndrome most often results in atrophy of periph- 
eral liver, which experiences severe venous obstruction, 
and hypertrophy of the caudate lobe and central liver, 
which are relatively spared. 

Absence of hepatic veins may be demonstrated by 
techniques in which flowing blood is signal void or by 
techniques in which flowing blood is high in signal 
intensity such as time-of-flight techniques or portal- 
phase gadolinium-enhanced gradient echo sequences. 
Generally, a combination of both approaches results in 
the highest diagnostic accuracy. However, the bright 
blood technique is the most accurate and usually 
suffices. 

On immediate postgadolinium MR images, the 
peripheral atrophic liver in Budd-Chiari syndrome may 
enhance to a greater or lesser extent than normal or 
hypertrophied liver, which provides insight into the 
chronicity of the disease process. One study reported 
that dynamic enhancement patterns differed for acute, 
subacute, and chronic Budd-Chiari, with combinations 
of enhancement patterns present when acute is super- 
imposed on subacute disease [402]. In acute-onset 
Budd-Chiari syndrome the peripheral liver enhances 
less than central liver, presumably because of acute 
increased tissue pressure with resultant diminished 
blood supply from both hepatic arterial and portal 
venous systems in the peripheral liver. This is associated 
with moderately high signal on T2-weighted images and 
low signal on Tl -weighted images, reflecting associated 
edema. After contrast, the liver demonstrates a dramatic 
appearance of increased central enhancement com- 
pared to decreased enhancement of peripheral liver that 
persists on late images (figs. 2.253 and 2.254) [403]. 

In subacute Budd-Chiari syndrome, reversal of flow 
in portal veins and development of small intra- and 
extrahepatic veno venous collaterals occurs, features not 
present in other chronic liver diseases. Many of the 
collaterals are capsule based. Signal of the peripheral 
liver is mildly increased on T2-weighted images and 
mildly decreased on Tl -weighted images, similar to 






Fig. 2.252 Perfusional abnormality associated with liver metastases. Spiral CTAP (a) and immediate (b) and 90s (c) 

postgadolinium SGE images. The CTAP image (a) demonstrates a wedge-shaped perfusion defect in the right lobe of the liver. On 
the immediate postgadolinium SGE image (£>), wedge-shaped increased enhancement is present surrounding a peripheral 2-cm liver 
metastasis (arrow, b). By 90s after gadolinium (c), both the perfusion defect and the metastases have equilibrated with liver. 
(Reproduced with permission from Semelka RC, Schlund JF, Molina PL, Willms AG, Kahlenberg M, Mauro MA, Weeks SM, Cance 
WG. Malignant liver lesions: comparison of spiral CT arterial portography and MR imaging for diagnostic accuracy, cost, and effect 
on patient management. / Magn Reson Imaging 1: 39-43, 1996). 

Echo-train STIR (d), SGE (e), and immediate postgadolinium SGE (/") images in a second patient show a perfusional abnormality 
of transient increased enhancement seen on the immediate postgadolinium image (/") in a patient who has a history of colon cancer. 
Note the small cyst adjacent to the abnormal area. Perfusional abnormalities of transient increased enhancement are not uncommon 
in patients with colon cancer liver metastases. Many are related to metastases, but in some the cause is not clear, as in this case. 
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Fig. 2.252 (Continued) T2-weighted fat-suppressed ETSE 
(g), SGE (h), out-of-phase SGE (/'), and immediate (/') and 90-s fat- 
suppressed (&) postgadolinium SGE images in a third patient with 
a history of colon cancer. There is a segmental signal intensity 
difference in liver, seen on Tl -weighted images before and after 
gadolinium. Note also the thickening and enhancement of the 
liver capsule and peritoneum from peritoneal metastases, best 
seen on interstitial-phase fat-suppressed Tl -weighted images (&). 
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Fig. 2.253 Acute Budd-Chiari syndrome. T2-weighted ETSE (a), SGE (&), immediate (c), and 90-s postgadolinium SGE (d) 
images. The T2-weighted image (a) shows normal signal intensity of the caudate lobe and central liver and mild heterogeneous 
higher signal intensity of the peripheral liver. On the precontrast Tl-weighted image (&), the caudate lobe and central portion of 
the liver are normal in signal intensity, whereas the peripheral liver is low in signal intensity. On the immediate postgadolinium 
image (c), the caudate lobe and central liver enhance heterogeneously and intensely, whereas peripheral liver shows lower enhance- 
ment. On late phase (c) liver appears more homogeneous than early phase but still shows increased enhancement in central areas. 



acute Budd-Chiari syndrome. On dynamic gadolinium- 
enhanced MR images the enhancement of subacute 
disease differs substantially from the acute syndrome. 
Mildly increased and heterogeneous enhancement is 
apparent in the peripheral liver relative to central liver 
on hepatic arterial dominant-phase images that, over 
time, becomes more homogeneous with the remainder 
of the liver. Caudate lobe hypertrophy is mild to moder- 
ate, and collateral vessels are not prominent in the 
subacute setting (fig. 2.255). 

In chronic Budd-Chiari syndrome, hepatic edema 
is not a prominent feature and fibrosis develops. Fibrosis 
results in decreased signal of peripheral liver on T2- and 



Tl-weighted images. Enhancement differences between 
peripheral and central liver on serial postgadolinium 
images become more subtle. Venous thrombosis, appre- 
ciated in acute and subacute disease, is usually not 
observed in chronic disease. Massive caudate lobe 
hypertrophy, massive enlarged bridging intrahepatic 
collaterals, extrahepatic collaterals, and regenerative 
nodules are all features observed in chronic Budd- 
Chiari syndrome. 

Curvilinear intrahepatic collaterals and capsule-based 
collaterals are characteristic of chronic Budd-Chiari 
syndrome (fig. 2.256). Varices are usually prominent in 
chronic Budd-Chiari syndrome and are well shown on 
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Fig. 2.254 Acute on subacute Budd-Chiari syndrome. Coronal T2-weighted SS-ETSE (a), transverse SGE (b), and immediate 
(c), 45-s (d), and 90-s fat-suppressed (e) postgadolinium SGE images. The coronal T2-weighted image (a) shows high signal of the 
lateral segment relative to the right lobe. On the Tl -weighted image (&), moderately diminished signal is identified in the enlarged 
lateral segment of the left lobe, with mild diminished signal of the right lobe. The enlarged caudate lobe possesses more normal 
signal intensity. The immediate postgadolinium image (c) reveals markedly diminished enhancement of the lateral segment, consis- 
tent with acute changes of Budd-Chiari, and mildly heterogeneous and increase signal of the right lobe, consistent with subacute 
changes of Budd-Chiari. The caudate lobe has a mild heterogeneity with signal intensity intermediate between the acutely affected 
lateral segment and subacutely affected right lobe. Enhancement abnormalities diminish but persist on late postcontrast images (e). 
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Fig. 2.254 (Continued) T2-weighted fat-suppressed SS-ETSE 
(/"), SGE (g), and immediate (h) and 90-s fat-suppressed (1) postg- 
adolinium SGE images in a second patient. T2-weighted (/") and 
Tl-weighted (g) images of the liver demonstrate homogeneous 
signal intensity. On early-phase images (h), a patchy, diffuse faint 
liver enhancement is appreciated with no dominant segment. 
However, on late-phase image (1) the central portion of the liver 
becomes homogeneously enhanced while the periphery of the 
liver maintains the heterogeneous enhancement with a lower 
signal intensity than central liver. 



interstitial-phase fat-suppressed images. Extensive porto- 
systemic varices, as observed in other chronic liver dis- 
eases, are also present. 

The development of nodular regenerative hyperpla- 
sia in the chronic setting is the result of hepatic ischemia 
caused by hepatic venous obstruction [404, 405]. The 
nodules are usually round, multiple, range from 0.5 to 
4 cm, and cause distortion of the hepatic contour [406- 
408]. Most commonly, these nodules demonstrate isoin- 
tensity or low signal intensity on T2-weighted images, 
and high signal intensity on Tl-weighted images similar 
to macroregenerative nodules (see fig. 2.256). However, 
these nodules may be moderately hypervascular and 
tend to possess moderately intense enhancement on 
immediate postgadolinium gradient-echo images [343, 
406, 407, 4091. The high signal intensity of the nodules 
on the precontrast Tl-weighted images likely reflects 
the presence of protein. 



Occasionally, large (>1 cm) regenerative nodules 
contain a central scar, resembling FNH. It has been 
postulated that the increased arterial hepatic perfusion 
in Budd-Chiari syndrome may be responsible for the 
development of this FNH-like lesion. The scar is char- 
acterized by high signal intensity on T2-weighted 
images, low signal intensity on Tl-weighted images, 
and enhancement on late-phase images, as is typical for 
FNH [408, 410]. 

The relationship between Budd-Chiari syndrome 
and HCC is still controversial. Patients with the diagno- 
sis of HCC may develop acute or subacute Budd-Chiari 
syndrome because of tumor invasion of major hepatic 
veins. The involvement of major hepatic veins by HCC 
has been reported in 6-23% of cases [411]. Few studies 
suggest that patients with chronic Budd-Chiari syn- 
drome are at increased risk for the development of 
HCC [343], and there is little evidence to support 
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Fig. 2.255 Subacute Budd— Chiari syndrome. SGE (a) and immediate (b>) and 90-s fat-suppressed (c) postgadolinium SGE 
images. Peripheral liver is diminished in signal on Tl -weighted image (a) and demonstrates a diffuse, heterogeneous mildly increased 
enhancement on early-phase image (b) that persists on later image (c), consistent with hepatic vascular compensation to venous 
thrombosis as observed in subacute Budd-Chiari syndrome (Reproduced with permission from Noone TC, Semelka RC, Siegelman 
ES, Balci NC, Hussain SM, Kim PN, Mitchell DG. Budd-Chiari Syndrome: spectrum of appearances of acute, subacute, and chronic 
disease with magnetic resonance imaging. / Magn Reson Imaging 11: 44-50, 2000). 

Immediate id) and 90-s fat-suppressed (e) postgadolinium SGE images in a second patient. The liver is enlarged with an irregular 
contour. There is mild hypertrophy of the caudate lobe. After administration of contrast (d), the liver enhances in a diffusely het- 
erogeneous pattern and becomes more homogeneous on the later image (e). 
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Fig. 2.255 (Continued) T2-weighted fat-suppressed SS-ETSE (/"), SGE (g), and immediate (h), 45-s (i), and 90-s fat-suppressed 
(/') postgadolinium SGE images in a third patient. The liver is enlarged and shows mild hypertrophy of the caudate lobe. On T2- 
weighted image (/"), a triangular shaped segmental area is seen in the right hepatic lobe that shows a higher signal intensity than 
the remainder of the hepatic parenchyma. On Tl-weighted image (g), this segmental area demonstrates low signal intensity. On 
early-phase image (h), the liver exhibits a dominant peripheral patchy enhancement that becomes homogeneous on late-phase 
image (/'). Note that the segmental area observed on precontrast images (f, g) shows faint enhancement on early-phase images (h) 
that washes out on 45-s (/) and late-phase (/') images, consistent with ischemic changes. 



malignant transformation of the regenerative nodules 

[406, 407]. 

Hepatic Vein Thrombosis 

Hepatic vein thrombosis affecting minor vessels may 
occur in the setting of malignant disease and is espe- 
cially common in HCC. Tumor thrombosis demonstrates 
gadolinium enhancement, whereas bland thrombus 
does not enhance. As with the Budd-Chiari syndrome, 
the degree of enhancement of liver parenchyma that 
has thrombosed hepatic veins depends on the stage of 



the thrombosis. In acute thrombosis, involved paren- 
chyma enhances less than surrounding liver in early- 
phase images [396]. In chronic thrombosis, enhancement 
is more variable and may be increased. 

Hepatic Arterial Obstruction 

Hepatic arterial obstruction is much less common than 
either portal vein or hepatic vein obstruction. Hepatic 
arterial obstruction is most commonly seen in the setting 
of liver transplantation. In patients without transplants, 
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Fig. 2.256 Chronic Budd-Chiari syndrome. SGE (a), proton-density fat-suppressed spin-echo (b), T2-weighted fat-sup- 
pressed ETSE (c, d), and immediate postgadolinium SGE (e) images. On Tl-weighted images (a), multiple well-defined high-signal- 
intensity mass lesions representing regenerative nodules are identified, the largest measuring 3.5 cm in diameter (arrow, a). The 
proton-density image at the expected level of the hepatic veins (b) demonstrates absence of hepatic veins, with intrahepatic cur- 
vilinear venous collaterals in their stead (arrow, b). Enlargement of the caudate lobe is shown (small arrows, b). The T2-weighted 
image (c) taken from a slightly higher tomographic section demonstrates curvilinear intrahepatic collaterals (arrow, c) with absence 
of hepatic veins. The immediate postgadolinium image (e) acquired at the same tomographic level as the precontrast images (a, d) 
shows enhancement of the regenerative nodules, with multiple enhancing nodules apparent that were not visualized on precontrast 
images. Slight heterogeneity of hepatic enhancement is present. The enhancement pattern is distinctly different from that of acute 
Budd-Chiari syndrome. 

Immediate postgadolinium SGE image (/") in a second patient with chronic Budd-Chiari syndrome. Extensive abdominal col- 
laterals are present (arrows, f), including curvilinear intrahepatic collaterals (long arrow, f). 
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Fig. 2.256 (Continued) T2-weighted fat-suppressed SS-ETSE 
(g), magnetization-prepared gradient-echo (If), and immediate 
postgadolinium magnetization-prepared gradient-echo (i) images 
in an 8-year-old boy. Massive enlargement of the caudate lobe is 
present, with relative atrophy and peripheral nodularity of the 
peripheral liver consistent with chronic Budd-Chiari syndrome. 



embolic occlusion is the most common cause of hepatic 
arterial compromise. Diminished enhancement of 
involved hepatic parenchyma is apparent on early post- 
contrast images (fig. 2.257). Hepatic arterial occlusion 
tends to be small, irregularly shaped, and not segmental 
in appearance. Larger occlusions result in peripheral 
wedge- or fan-shaped defects with an unusual serrated 
margin. An unusual feature is that T2- signal may be 
low, reflecting a lower fluid content. 

Preeclampsia and Eclampsia 

Hepatic disease is common in preeclampsia and may 
result in hemolytic anemia, elevated liver function tests, 
and low platelets (HELLP syndrome), which may cause 
peripheral vascular occlusions of the liver or hepatic 
hematoma [412]. Microscopically, sinusoids contain 
fibrin deposits with hemorrhage into the subendothelial 
space. Blood may dissect through portal connective 
tissue to form lakes of hemorrhage. MR images show 



peripheral wedge-shaped defects surrounded by regions 
of increased enhancement on postgadolinium images 
and heterogeneous high signal intensity on T2-weighted 
images from edema and, in more severe disease, infarc- 
tion (figs. 2.258 and 2.259). This pattern reflects central 
infarction surrounded by a penumbra of ischemic 
hepatic parenchyma. Hematoma appears as a peripheral 
fluid collection with signal intensity depending on the 
age of the blood products, usually deoxyhemoglobin or 
intracellular methemoglobin reflecting the acute or sub- 
acute nature of the disease process. 

Congestive Heart Failure 

Patients with congestive heart failure may present with 
hepatomegaly and hepatic enzyme elevations. On early 
dynamic contrast-enhanced MR images, the liver may 
enhance in a mosaic fashion with a reticulated pattern 
of low-signal-intensity linear markings. By lmin post- 
contrast, the liver becomes more homogeneous. The 
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Fig. 2.257 Arterial ischemia. T2-weighted fat-suppressed ETSE (a), SS ETSE (b), SGE (c), and immediate (d) postgadolinium 
SGE images. The liver is enlarged with diffuse increased signal intensity on T2-weighted images (a), consistent with edema. There 
is a 2-cm focus in the right hepatic lobe and a irregular hepatic central region that demonstrate decreased signal intensity on both 
T2-weighted (a) and Tl -weighted (b) images, most pronounced on T2, and negligible enhancement on early id) postgadolinium 
images. These features are consistent with arterial ischemia. 

T2-weighted fat-suppressed ETSE (e) and immediate postgadolinium magnetization-prepared gradient-echo (/") images in the 
same patient 1 5 days later show a slight increased signal intensity involving the focus in the right lobe and central liver on the T2- 
weighted image associated with diffuse low signal of the liver secondary to intervening blood transfusion. Note that the previously 
ischemic areas in the right lobe and central liver demonstrate enhancement on early-phase images (/"). These findings are consistent 
with improved perfusion of ischemic regions, which matched the clinical picture. 
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Fig. 2.257 (Continued) T2-weighted fat-suppressed SS-ETSE (g), SGE (h), and 90-s fat-suppressed postgadolinium SGE (/') 
images in a second patient demonstrate irregular peripheral regions in the right lobe inferiorly that are high signal on T2 (g) and 
low signal on Tl (h) and show negligible enhancement on late images (/), consistent with ischemic or infarcted regions caused by 
small branch arterial occlusion. 

T2-weighted SS-ETSE (/) and 45-s (&) and 90-s fat-suppressed (/) postgadolinium SGE images in a third patient who is status post 
transplant. Irregular linear areas in the left hepatic lobe are present on early-phase images (&) that show peripheral enhancement 
on late-phase images (/) consistent with late enhancement of the ischemic rim. Air is present within bile ducts because of the pres- 
ence of a biliary stent. Note the presence of air within vessels on the late-phase image (/). 
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Fig. 2.258 HELLP syndrome. Transverse 45-s postgadolinium SGE image id) demonstrates an abnormal serrated margin of 
the liver and massive ascites. Liver changes reflect ischemic injury. 

Immediate postgadolinium image (b) in a second patient with HELLP syndrome shows an early patchy enhancement of the liver. 








(c) (d) 

Fig. 2.259 Spontaneous intrahepatic hemorrhage. Echo train-STIR (a), SGE (b, c), immediate postgadolinium SGE (d, e), 
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Fig. 2.259 (Continued) and 90-s postgadolinium fat- 
suppressed SGE (f, g) images in a 34-yr-old woman who has a 
history of spontaneous intrahepatic hematoma. There is a large 
complex subcapsular collection that demonstrates mixed signal 
intensity consistent with blood of different ages. Spontaneous 
intrahepatic hematoma occurs most commonly in patients who 
are on anticoagulant therapy. Hepatic adenomas are the most 
common cause in women of child-bearing age who are not on 
anticoagulation therapy and are taking birth control pills. Note the 
jagged peripheral margin of the liver (b, d, f), which is an appear- 
ance also observed in spontaneous hepatic hemorrhage in the 
HELLP syndrome. 



suprahepatic IVC is frequently enlarged with enlargement 
of the hepatic veins. Contrast injected in a brachial vein 
may appear earlier in the hepatic veins and suprahepatic 
IVC than in the portal veins and infrahepatic IVC, reflect- 
ing reflux of contrast from the heart (fig. 2.260). 

Portal Venous Air 

Portal venous air, a serious condition associated with 
bowel ischemia, appears as signal-void foci within distal 
branches of the portal vein in the nondependent portion 
of the liver (typically the left lobe) on all imaging 
sequences. Magnetic susceptibility artifact may also be 
identified. Air is best demonstrated with a combination 
of high-resolution T2-weighted echo-train spin-echo 
and postgadolinium Tl -weighted images in which air 
will be signal void on both sets of images. The air is 
most clearly shown on the postcontrast Tl -weighted 
images (fig. 2.261). The T2-weighted images confirm 
the fact that the tubular structures that are dark on Tl- 



weighted images are also dark on T2, reflecting signal- 
void air rather than high-signal fluid. 

Air in the Biliary Tree 

Air in the biliary tree is usually a relatively benign con- 
dition. Air in the biliary tree is less peripheral than air 
in the portal veins, and is more clearly observed as 
branching tubular structures conforming to the biliary 
tree. Air is most commonly observed in the left biliary 
ducts, reflecting the patient's supine position in the bore 
of the magnet. Air in the biliary tree is signal void on 
all MR sequences (fig. 2.262). 

Diffuse Hyperperfusion Abnormality 

This is a new term that reflects a descriptive, vascular 
dynamic process that affects the hepatic parenchyma. 
This entity is characterized by large regions of transient 
increased enhancement in the liver parenchyma in the 
hepatic arterial dominant phase that fades to isointensity 
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Fig. 2.260 Mosaic enhancement secondary to congestive heart failure. Immediate (a, £>), 45-s postgadolinium (c, d), and 
90-s postgadolinium SGE (e) images. The immediate postgadolinium images (a, b) demonstrate the presence of gadolinium in the 
superior IVC early in the arterial phase of enhancement with no enhancement of the abdominal organs, because of the low cardiac 
output state of the patient. Reflux of gadolinium into the dilated suprahepatic IVC and hepatic veins is present (arrow, a), with no 
contrast present in the intrahepatic IVC (arrow, b). On the 45-s postgadolinium images (c, d), a mosaic enhancement pattern 
is present throughout the liver, reflecting hepatic congestion. This mosaic enhancement resolves on the 90-s postgadolinium 
image (e). 
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Fig. 2.260 (Continued) T2-weighted fat-suppressed SS-ETSE 
(/"), SGE (g), immediate postgadolinium SGE (h), and 90-s post- 
gadolinium fat-suppressed SGE (i) images in a patient with sys- 
temic amyloidosis and restrictive cardiomyopathy. The liver is 
enlarged with a mosaic enhancement pattern immediately after 
gadolinium administration (h) that diminishes on late images (/)• 
Note the dilatation of inferior vena cava and small volume ascites. 





Fig. 2.261 Portal venous air. Tl -weighted fat-suppressed SE (a) and 90-s postgadolinium fat-suppressed SE (b) images. On 
the precontrast Tl-weighted fat-suppressed image (a), subtle, linear, signal-void, short, vertically oriented markings are present 
(small arrows, a). Regions of peripheral hepatic high signal intensity are present, reflecting hemorrhage (long arrows, a). The 
stomach (S) is dilated. On the gadolinium-enhanced Tl-weighted fat-suppressed spin-echo image (b), the vertically oriented periph- 
eral collections of portal venous air are more clearly defined (small arrows, b). Regions that were hyperintense on the precontrast 
image are shown to have diminished enhancement (long arrow, b). The dilated stomach shows increased mural enhancement (large 
arrow, b) consistent with ischemic changes. Portal venous air is signal void and poorly seen on T2-weighted images (not shown); 
fluid would be high in signal intensity and well shown on T2-weighted images. 
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Fig. 2.262 Biliary tree air. Transverse 90-s postgadolin- 
ium SGE image in a patient with a choledochojejunostomy 
shows signal-void, tubular structures with an arborized pattern 
(arrow). This biliary tree air is more central in location than 
the portal venous air. The T2-weighted image (not shown) 
demonstrates signal-void, poorly shown bile ducts consistent 
with air-containing rather than fluid-containing ducts. 



rapidly, by the early hepatic venous phase. There are 
generally no associated signal intensity changes on non- 
contrast Tl- or T2 -weighted images. When findings of 
increased fluid content are apparent on noncontrast Tl- 
or T2-weighted images (i.e., mild low signal on Tl, mild 
high signal on T2) it implies that there is likely associ- 
ated hepatocellular injury or edema. In its simplest 
form, diffuse hyperperfusion abnormality represents an 
imbalance between the normal vascular delivery pat- 
terns of blood flow to the liver by hepatic arteries and 
portal veins, where there is increased hepatic arterial 
supply. Perhaps the most common entity to result in this 
vascular phenomenon is acute on chronic hepatitis. A 
variety of processes, however, can result in this appear- 
ance. In patients with no apparent underlying hepatic 
disease or systemic process, it may reflect anomalous 
increased hepatic arterial supply (fig. 2.263). A variety 
of disease entities in addition to acute on chronic hepa- 
titis (fig. 2.264) that can result in this feature are acute 
hepatitis, generalized systemic disease with generalized 
vascular effects, ascending cholangitis, drug toxicity, and 
acute liver transplant rejection, to name some of the 
more common. As mentioned above, as the disease 
process affecting the liver becomes more severe, signal 
intensity changes on Tl- and T2-weighted images, and 
later postgadolinium images may become apparent (fig. 
2.246). 

Focal Hyperperfusion Abnormality 

Focal hyperperfusion abnormalities (FHA) are small 
regions of transient increased enhancement on hepatic 




Fig. 2.263 Diffuse hyperperfusion abnormality. 

Immediate post-gadolinium 3D-gradient echo images dem- 
ostrates diffuse heterogeneous increased enhancement, that 
rapidly fades to homogeneous signal on the early hepatic 
venous phase images (not shown). This appearance is most 
commonly seen in patients with acute on chronic hepatitis, but 
may result from a number of conditions. If no underlying expla- 
nation is present, then this enhancement is attributed to 
regional variations in the realtive contributions of hepatic arte- 
rial and portal venous supply to the liver. This circumstance 
may be incidental and not of clinical significance, and it may 
also be seen in combination with early homogeneous enhace- 
ment of the spleen. 



arterial dominant-phase images. These are generally not 
visible on noncontrast Tl- and T2-weighted images. This 
entity is a new nomenclature for findings that have been 
previously termed transient hepatic arterial defects 
(THAD) or transient hepatic signal intensity differences 
(THID). Frequently these lesions correspond to vascular 
phenomenon such as arteriovenous shunting but likely 
can also result from a number of other vascular or 
inflammatory processes. The morphology of focal hyper- 
perfusion abnormalities frequently allows differentiation 
from other entities such as dysplastic nodules. Nodules 
should have a round morphology, whereas FHA fre- 
quently appears more oblong or lozenge-shaped, with 
the more linear configuration rendering this entity more 
easy to correctly characterize (fig. 2.264). 

Inflammatory Parenchymal Disease 

Sarcoidosis 

Sarcoidosis, a systemic inflammatory granulomatous 
disease of unknown etiology, is one of the most common 
causes of hepatic noncaseating granulomas. The liver 
follows lymph nodes and lung in the frequency of 
involvement, and the liver is involved histologically in 
60-90% of patients [415]. The majority of patients show 
minimal evidence of clinical or biochemical hepatic 
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Fig. 2.264 Diffuse Hyperperfusion and Focal Hyperperfusion Abnormalities in the Cirrhotic Liver. SGE (a), immedi- 
ate post-gadolinium SGE (£>) in 1 patient, and immediate post-gadolinium 3D-gradient echo (c, d) images in two other patients with 
cirrhosis. Diffuse hyperperfusion abnormality may occur secondary to a number of vascular phenomena, but in the cirrhotic liver 
the most common cause is acute on chronic hepatitis. Note the patchy appearance of increased enhancement throughout the 
hepatic parenchyma, that is generally apparent only on immediate post-gadolinium images and may not be visible on precontrast 
or later postcontrast images. In two other patients, small, oval shaped foci of increased enhancement are appreciated on immediate 
post-gadolinium images (c, d, arrows on d), which were only apparent on immediate postcontrast images. These represent focal 
hyperperfusion abnormalities. This entity is also not uncommon in the cirrhotic liver, and the most common underlying mechanism 
is small intrahepatic arteriovenous shunts. Focal hyperperfusion abnormalities must be distinguished from hepatic nodules, and 
their non-spherical shape (often lozenge-shaped) and often ill-defined margins usually define their vascular nature. 



dysfunction. Granulomas are characterized pathologi- 
cally by compact aggregates of plump epithelioid cells, 
sometimes with multinucleated giant cells, surrounded 
by a cuff of lymphocytes and macrophages. Focal 
involvement of the liver and spleen in sarcoidosis with 
noncaseating granulomas is well demonstrated on MR 
images. Sarcoid granulomas are small (approximately 
1 cm in diameter), rounded lesions low in signal inten- 
sity on T2- and Tl -weighted images that enhance in a 
diminished, delayed fashion on gadolinium-enhanced 
gradient-echo images (fig. 2.265) [416, 417]. The dimin- 
ished enhancement reflects the hypovascular nature of 
the granuloma. Occasionally, the spleen may be lower 
in signal intensity than liver on T2-weighted images 
[41 6]. Concomitant retroperitoneal lymph nodes are 



often present, exhibiting a distinctive, feathery, moder- 
ately high signal on T2-weighted images. 

Inflammatory Myqfibroblastic Tumor 
(Inflammatory Pseudotumor) 

Inflammatory myofibroblastic tumor, formerly termed 
inflammatory pseudotumor, is an uncommon lesion that 
rarely presents in the liver [418]. Pathologic macroscopic 
evaluation may disclose a tumorlike, firm mass within 
the liver parenchyma or a soft tissue mass encasing the 
hilar area. Microscopic inspection shows a mixed inflam- 
matory infiltrate consisting of plasma cells, macro- 
phages, chronic inflammatory cells, and histiocytes. 
Special studies show polyclonality of the inflammatory 
infiltrate, pointing to the benign nature of the lesion 
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Fig. 2.265 Hepatosplenic sarcoidosis. T2-weighted fat-suppressed SE (a), Tl-weighted fat-suppressed SE (£>), and immediate 
(c) and 5-min id) postgadolinium SGE images. The spleen is massively enlarged and contains multiple <l-cm nodules that are mod- 
erately low signal intensity on T2-weighted (a) and Tl-weighted (b) images and demonstrate negligible enhancement on early-phase 
images (c) with gradual enhancement over time (d). Extensive retroperitoneal, celiac, and periportal lymphadenopathy is also 
present (a, b), which has a speckled appearance on the T2-weighted image (arrows, a). A speckled signal on T2 has been described 
for lymph nodes affected by sarcoidosis. 

T2-weighted fat-suppressed SS-ETSE (e), SGE (/"), and immediate (g) and 90-s fat-suppressed (h) postgadolinium SGE images in 
a second patient with sarcoidosis. The liver shows a patchy enhancement on early-phase image (g) that equilibrates on late-phase 




Fig. 2.265 (Continued) image (b), rendering the liver homogeneously enhanced. The spleen shows multiple small nodules 
that demonstrate low signal intensity on both T2-weighted (e) and Tl-weighted (f) images, negligible enhancement on early-phase 
image (g), and progressive enhancement on late-phase image (If). 

T2-weighted fat-suppressed SS-ETSE (i), SGE (/'), and immediate (k) and 90-s fat-suppressed (/) postgadolinium SGE images in 
a third patient with sarcoidosis. Multiple nodules are seen in both liver and spleen. The liver nodules appear isointense on T2- 
weighted (i) and Tl-weighted (j) images and enhance in a fashion similar to background parenchyma. Note that the hepatic archi- 
tecture is distorted because of the nodules. The spleen nodules are high signal intensity on T2-weighted image (i), isointense on 
Tl-weighted image (/'), and intensely enhanced on early-phase image (k), fading on late-phase image (/). Lymphadenopathy is best 
seen on T2-weighted fat-suppressed image (/). 
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[419]. Prominent fibrosis is a characteristic feature. Areas 
of necrosis and obliteration of blood vessels may occa- 
sionally be noted. 

Inflammatory myofibroblastic tumor may be associ- 
ated with systemic symptoms, including fever, weight 
loss, malaise, and right upper quadrant pain [420]. 
Although the disease often responds to steroid admin- 
istration and the prognosis is usually good, fatal outcome 
has been reported [421]. Inflammatory myofibroblastic 
tumors are not malignant neoplasms; however, if they 
occur at the hilum, effects of the lesion can be devastat- 
ing. Hilar myofibroblastic tumor may encase the portal 
vein, hepatic artery, and bile duct [418]. Inflammatory 
infiltrate in the walls and lumen of the portal vein may 
cause an occlusive phlebitis that extends beyond 
margins of tumor [418]. 

On imaging, hepatic myofibroblastic tumor can 
present as an ill-defined, tumorlike lesion within the 
parenchyma or as a periportal soft tissue mass involving 
the hilum [422]. In the former pattern, lesions are usually 
solitary, but in 20% of cases they are multiple. Masses 
range from 1 to 20 cm but are generally less than 2 cm 
in diameter [420]. 

MRI features of inflammatory myofibroblastic tumor 
may vary according to the presence of necrosis and 
fibrosis within the lesion. Tumorlike lesions may demon- 
strate mild high signal on T2 -weighted images, low signal 
or isointensity on Tl -weighted images, and a moderate 
or intense enhancement on early-phase images that fades 
away on late-phase images. Soft tissue infiltration along 
the periportal region may possess MRI features similar to 
the tumorlike pattern on T2- and Tl -weighted precontrast 
images but tends to demonstrate a lesser degree of 
enhancement on early-phase images, namely, mild or 
negligible enhancement (fig. 2.266) [422, 423]. The lesions 
may regress after treatment or spontaneously and then 
appear as areas of fibrosis, which in the chronic setting 
are mildly low signal on T2- and Tl -weighted images 
and exhibit negligible enhancement. Similar to other 
causes of scarring, the margins of chronic inflammatory 
myofibroblastic tumors are irregular and angular [422]. 

Because inflammatory myofibroblastic tumor is a 
rare entity, lesions are often mistaken for hepatic malig- 
nancy. When a mass or tumorlike pattern is present, 
HCC and abscess should be considered in the differen- 
tial diagnosis. In addition, the soft tissue infiltration 
pattern requires distinction from lymphoma and chol- 
angiocarcinoma (see fig. 2.266) [422]. Final diagnosis is 
based on histologic analysis. 

Infectious Parenchymal Disease 

Abscesses 

Pyogenic Abscess. Pyogenic abscesses are the 
most frequent form of focal hepatic infections resulting 



from an infectious process of bacterial origin. 
Pathologically, pyogenic liver abscesses may occur as 
solitary or multiple lesions ranging from millimeters to 
massive lesions. Microscopically, in early stages, lesions 
are ill defined with intense acute inflammation, purulent 
debris, and devastation of hepatic parenchyma and 
stroma. In later stages, the abscesses become circum- 
scribed, surrounded by a shell of granulation tissue 
consisting of abundant, newly formed blood vessels, 
fibroblasts, and chronic inflammation. End stages show 
complete fibrous encapsulation. 

Infectious agents reach the liver through hepatic 
artery, portal vein, biliary tract, and direct extension 
from contiguous organs [424]. Abscesses may occur in 
the context of recent surgery, Crohn disease, appendi- 
citis, diverticulitis, and blunt or penetrating injuries [424, 
425]. Portal vein thrombosis is frequently associated 
with bacterial abscesses. The infected bland thrombus 
is characterized by low signal intensity on T2- and Tl- 
weighted images and time of flight gradient-echo 
images. The thrombus does not enhance after contrast; 
however, the vein wall shows a moderate/intense 
enhancement after contrast administration, best seen on 
late-phase fat-suppressed images caused by the inflam- 
matory reaction (fig. 2.267). 

Characteristic MRI findings of pyogenic abscesses 
are high signal intensity on T2-weighted images and 
low signal intensity on Tl -weighted images and show 
moderate enhancement of stroma on immediate post- 
gadolinium images with persistent enhancement on 
interstitial phase images and no enhancement of addi- 
tional stroma or progressive fill in of the lesion over 
time [426]. Pyogenic abscesses also possess markedly 
thick walls and internal septations, which enhance mod- 
erately to intensely on early-phase images and demon- 
strate persistent enhancement on late-phase images that 
often appears more intensely enhanced (figs. 2.268- 
2.270) [424, 427]. Abscesses typically have a moderate 
perilesional enhancement with indistinct outer margins 
on immediate postgadolinium images because of a sur- 
rounding rim of granulation tissues and a hyperemic 
inflammatory response in adjacent liver (figs. 2.271 and 
2.272) [426]. The perilesional enhancement rapidly 
diminishes, and is often nearly resolved by lmin after 
injection. Layering of debris and gas within the abscess 
cavity, mainly after biliary drainage, is also commonly 
appreciated. Gas is identified as signal void on both 
T2- and Tl-weighted images and debris as a low signal 
on T2- and high signal on Tl-weighted images, since 
debris is usually composed of protein [426, 428]. 

The higher sensitivity of MRI to gadolinium chelates 
than of CT imaging to iodinated agents renders dynamic 
gadolinium-enhanced MRI a useful technique for 
patients in whom a distinction between simple cysts 
and multiple abscesses cannot be made on the basis of 
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Fig. 2.266 Inflammatory myofibroblastic tumor (inflammatory pseudotumor). T2-weighted fat-suppressed SE (a) and 
immediate (b) and 90-s (c) postgadolinium SGE images. No definite lesions are apparent on the precontrast Tl -weighted image (not 
shown). Occasional, mildly hyperintense ill-defined lesions are present on the T2-weighted image (arrows, a). Multiple small, irregu- 
lar enhancing foci are demonstrated throughout the liver on early-phase image (arrows, b) that fade to isointensity on late-phase 
image (c). 

T2-weighted fat-suppressed SS-ETSE (d), SGE (e), and immediate (/") and 90-s fat-suppressed (g) postgadolinium SGE images in 
a second patient. A 6-cm mass lesion is present in the dome of the liver, which is minimally high in signal intensity on T2-weighted 
image (d) and moderately low in signal intensity on Tl-weighted image(e), enhances in an intense diffuse heterogeneous fashion 
on early-phase image (/"), and fades on later images (g). The appearance resembles HCC; however, the liver is not cirrhotic. The 
patient also presented with fever and malaise, which are symptoms often observed with inflammatory pseudotumor. 
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Fig. 2.266 (Continued) Coronal T2-weighted SS-ETSE (h), 
SGE (i), and immediate (/') and 90-s (k) postgadolinium SGE 
images in a third patient. There is a lesion in the dome of the liver 
that exhibits mildly low signal intensity on Tl -weighted image (i) 
and mild enhancement on all phases after contrast (J, k). Also, 
note the liver retraction in the dome of the liver adjacent to the 
tumor, best seen on the coronal T2-weighted image (arrow, /?). 
Inflammatory myofibroblastic tumor may range in appearance 
from a vascular active multifocal process to irregularly margined, 
poorly enhanced fibrosed lesions. Unlike in other conditions (e.g., 
metastases and abscesses) this range of appearance can occur with 
no history of treatment of the active disease. 
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Fig. 2.266 (Continued) Coronal (/) and fat-suppressed trans- 
verse (m) T2-weighted SS-ETSE, out-of-phase SGE (n), and immedi- 
ate (o) and 2 min (p) fat-suppressed 3D-gradient echo in another 
patient. An oval-shaped thick-walled lesion is present, which was 
histological diagnosed as an IMT. Following steroid therapy the 
lesion resolved. 
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Fig. 2.267 Hepatic abscesses. Coronal T2-weighted SS-ETSE (a), transverse SGE (&), and immediate (c, d), 45-s (e), and 90-s 
fat-suppressed (/") postgadolinium SGE images of the abdomen and sagittal T2-weighted SS-ETSE (g) and 2.5-min fat-suppressed 
postgadolinium SGE (h) images of the pelvis in a patient with appendicitis and hepatic abscess. There are multiple lesions with a 
cluster appearance in the right hepatic lobe that demonstrate high signal intensity on T2-weighted image (a), low signal intensity 
on Tl-weighted image (£>), and enhancement of the abscess wall and septations with perilesional enhancement immediately after 
administration of contrast (c). Abnormal enhancement of the liver on the early-phase image (d) reflects the presence of portal vein 
thrombosis, with increased enhancement of the right lobe due to increased hepatic arterial supply. The portal vein is expanded 
with thrombus (arrow d, e) that is low signal on Tl-weighted image and does not enhance after administration of contrast, consis- 
tent with a bland thrombus. The portal vein wall enhances (small arrows, f) on the late-phase images, reflecting that the thrombus 
is infected. Note on the sagittal images (g, h) that the appendix (arrows, g, h) is thick walled with increased enhancement, consis- 
tent with acute appendicitis. 
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Fig. 2.267 (Continued) Coronal T2-weighted SS-ETSE (3), SGE (/), and immediate (&) and 90-s fat-suppressed (/) postgadolinium 
SGE images in a second patient, who has a history of Crohn disease. Multiple abscesses are seen in the right hepatic lobe and 
demonstrate high signal intensity on T2-weighted image (1), low signal intensity on Tl-weighted image (/'), and perilesional enhance- 
ment surrounding the whole lesion on early-phase image (&) with more intense abscess wall enhancement on late phase image (/). 
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Fig. 2.268 Liver abscesses secondary to infective cholangitis. Coronal (a) and transverse (b) T2-weighted SS-ETSE and 
Tl -weighted immediate (c) and 45-s id) postgadolinium SGE images. There is a lesion in the right hepatic lobe (arrow, b) that 
demonstrates increased signal intensity on T2-weighted image (b) and decreased signal on Tl -weighted image (not shown). After 
contrast, the lesion shows a circumferential ill-defined perilesional and capsular enhancement on immediate postgadolinium images 
(c), with fading of the perilesional enhancement but persistent capsular enhancement on 45-s image (d). There is no enhancement 
of internal stroma or fill-in of the lesion with time. Note the biliary stent (arrow, a) situated in the common bile duct (a). 

T2-weighted SS-ETSE (e), SGE (/"), immediate postgadolinium SGE (g), and 90-s postgadolinium fat-suppressed SGE (h) images in 
a second patient. There is an irregular region of increased signal on T2-weighted image (e) and decreased signal on Tl -weighted 



DIFFUSE LIVER PARENCHYMAL DISEASE 



425 





Fig. 2.268 (Continued) image (/") in the dome of the liver. Adjacent to this area, there are multiple rounded structures (arrows, 
e) that demonstrate increased signal on T2 (e) and decreased signal on Tl (/"), which represent dilated ducts. After gadolinium 
administration (g, h), a cystic mass with a thickened, enhancing wall and internal septations is identified, consistent with an abscess 
secondary to segmental infective cholangitis. 

Fat-suppressed T2-weighted SS-ETSE (i), SGE (/'), and immediate (&) and 90-s fat-suppressed (/) postgadolinium SGE images in 
a third patient who has a previous history of cirrhosis and a current history of ascending cholangitis. The right hepatic liver enhances 
in a heterogeneous fashion on early-phase images (&) and becomes homogeneously enhanced on late-phase images (/). 
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Fig. 2.269 Infected biloma. T2-weighted SS-ETSE (a), precontrast fat-suppressed SGE (£>), and immediate postgadolinium SGE 
(c) images in a 79-year-old woman who has a history of trauma. Large subcapsular fluid collections are observed anterior and pos- 
terior to the right hepatic lobe. These collections demonstrate fluid-fluid levels (arrow, a) best shown on the breathing-independent 
single-shot T2-weighted image (a) and substantial wall enhancement (c) consistent with infection. 

T2-weighted fat-suppressed SS-ETSE (d), Tl-weighted fat-suppressed SGE (e), and immediate (/") and 90-s fat-suppressed (g) 
postgadolinium SGE images in a second patient, who has a history of trauma. Subcapsular infected biloma with fluid-fluid levels are 
present, one of which also contains air bubbles (arrow, e). Air bubbles appear as signal foci on all sequences. 
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Fig. 2.269 (Continued) 





Fig. 2.270 Liver abscess — streptococcus. Coronal T2- 
weighted SS-ETSE (a) and immediate (b) and 90-s fat-suppressed 
(c) postgadolinium SGE images. A large mass is present in the right 
lobe of the liver, which is heterogeneous and mildly hyperintense 
on T2-weighted image (a). The mass contains multiple septations 
that exhibit minimal early enhancement (£>), with increased inten- 
sity on the later image (c). No progressive lesion stromal enhance- 
ment is present. 




Fig. 2.271 Pyogenic abscesses. SGE (a) and immediate post- 
gadolinium SGE (b>) images in a patient with Fusibacterium liver 
abscesses. Two slightly ill-defined low-signal-intensity masses are 
present in the liver (arrows, a) on the precontrast Tl -weighted 
image (a). Immediately after gadolinium administration (b), the 
lesions demonstrate substantial perilesional enhancement. The 
larger lesion demonstrates a thin outer low-signal rim surrounding 
an enhancing ring. 

Immediate postgadolinium SGE images from cranial (c) and 
caudal id) locations through the liver in a second patient. Abnormal 
diminished central enhancement is present in the liver (c) second- 
ary to portal vein thrombosis. Small abscesses with enhancing rings 
(arrows, c) are shown in the right hepatic lobe. On the more infe- 
rior tomographic image id), thrombus is identified in the SMV with 
enhancement of the vein wall (arrow, d), reflecting infection of 
the thrombus. 
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Fig. 2.271 (Continued) Immediate postgadolinium SGE images 
(e, f) and interstitial-phase gadolinium-enhanced Tl -weighted fat- 
suppressed SE images (g, h) in a third patient obtained at the level 
of the left portal vein (e, g) and right portal vein (f, h). The left 
(arrow, e) and right (arrow, f) portal veins are expanded with low- 
signal thrombus on the immediate postgadolinium images. On the 
gadolinium-enhanced fat-suppressed images enhancement of the 
walls of the portal veins is present (small arrows, g, h), reflecting 
the infected nature of the thrombus. The abscesses in the right and 
left lobes of the liver are well seen on the interstitial-phase images 
as low-signal-intensity irregular-shaped cystic masses with enhanc- 
ing rims (long arrows, g, h). 




Fig. 2.272 Pyogenic liver abscesses. Coronal T2-weighted SS-ETSE (a) and immediate (b) and 90-s fat-suppressed (c) post- 
gadolinium SGE images. A large septated lesion is present, which is heterogeneous and high signal intensity on T2-weighted image 
(a) and low signal intensity on Tl-weighted images (b, c), with intense capsular and internal septa enhancement on early-phase 
image (b) that persists on the late image (c). A characteristic feature of abscesses is that the capsule and septa enhance on immedi- 
ate postgadolinium images and persist in enhancement on 90-s image (c), with no progressive internal stromal enhancement. 
Enhancement of abscess walls frequently becomes more intense on later postcontrast images. Metastases, in distinction, tend to 
exhibit progressive stromal enhancement. 

Transverse 45-s postgadolinium SGE id) image in a second patient demonstrates a lesion with intense mural enhancement 
consistent with an abscess. 
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CT imaging. Metastases with large necrotic component 
may mimic the appearance of hepatic abscesses mainly 
because both may have prominent rim enhancement 
[426]. Abscesses exhibit moderately intense enhance- 
ment of stroma and internal septations on early-phase 
postgadolinium images, without progressive enhance- 
ment of stroma, whereas necrotic metastases generally 
show centripetal progression of stromal enhancement. 
Metastases may also mimic abscesses clinically if 
they become secondarily infected. The diagnosis of 
infected metastases should be considered when the 
lesion wall is thicker than 5 mm and has nodular 
irregular components and centripetal enhancement is 
evident. 

Nonpyogenic Abscess: Amebic Abscess. Amebic 
liver abscesses are caused by a protozoan parasite, 
Entamoeba histolytica, and are not uncommon in devel- 
oping tropical countries [424]. Amebic abscess may arise 
in patients who live in or have traveled to tropical cli- 
mates. Amebic abscesses may develop secondary to 
small ischemic necrotic areas caused by obstruction of 
small venules by the trophosites and their by-products 



[424]. Presenting features include pain, fever, weight 
loss, nausea and vomiting, diarrhea, and anorexia [429]. 
Lesions are usually solitary, affect the right lobe more 
often than the left lobe [424, 428], and are prone to 
invade the diaphragm with development of pulmonary 
consolidation and empyema [430]. Lesions are encapsu- 
lated and thick walled (5-10 mm) and demonstrate 
substantial enhancement of the capsule on gadolinium- 
enhanced images, which permits differentiation from 
liver cysts (fig. 2.273). 

Echinococcal Disease 

Echinococcal disease is a worldwide zoonosis produced 
by two main types of larval forms of equinococcus 
tapeworms: E. granulosus and E. alveolaris [431]. 
Echinococcus granulosus is the causative organism for 
hydatid cysts and is the type of echinococcus indige- 
nous in North America. Pathologically, the typical 
hydatid cyst is spherical with a fibrous rim. Surrounding 
liver reaction to the abscess is minimal, with small- 
volume granulation tissue. The typical imaging feature 
is in an intrahepatic encapsulated multicystic lesion with 
daughter cysts arranged peripherally within the larger 




Fig. 2.273 Amebic abscess. Immediate postgadolinium SGE 
(a) image demonstrates a 7-cm cystic lesion located superiorly in 
the right lobe of the liver. The amebic abscess has a prominent 
enhancing wall (arrow, a) distinguishing it from a simple cyst. 

T2-weighted SS-ETSE (£>) and immediate postgadolinium mag- 
netization-prepared gradient echo (c) images in a second patient. 
A large cystic lesion is seen in the right hepatic lobe, near the 
dome of the diaphragm, with a thick irregular wall and perilesional 
and capsular enhancement after gadolinium administration, con- 
sistent with abscess. 
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cyst. Satellite cysts located exterior to the fibrinous 
membrane of the main hepatic cyst are not uncommon 
and have been reported in 16% of hydatid cysts in a 
series of 185 patients [431]. Lesions are frequently 
complex, with mixed high signal intensity on T2- 
weighted images and mixed low signal intensity on 
Tl -weighted images due to the presence of protein- 
aceous and cellular debris (fig. 2. 274). The fibrous 
capsule and internal septations are well shown on T2- 



weighted images and gadolinium-enhanced Tl -weighted 
images. SS-ETSE sequence is particularly effective at 
showing the architectural detail of cystic lesions. 
Calcification of the cyst wall and internal calcifications 
are frequently identified on CT images but may not be 
distinguishable from the fibrous tissue of the capsule 
on MR images. Superinfection and cyst rupture, after 
trauma or spontaneously, are the most frequent com- 
plications reported with hydatid cysts [428]. The rupture 






Fig. 2.274 Hydatid cyst. Immediate postgadolinium SGE image (a) exhibits a multicystic lesion in the right hepatic lobe with 
a dominant cyst centrally and daughter cysts peripherally. There is mild mural enhancement of the hydatid cyst wall. 

T2-weighted SS-ETSE image (b) in a second patient infected by E. granulosus. Note the presence of a cystic lesion with addi- 
tional small internal cystic lesions (courtesy of N. Cem Balci, M.D.). 

Coronal T2-weighted SS-ETSE (c) and transverse SGE id) in a third patient show multiple daughter cysts lining the wall of the 
dominant cystic lesion (courtesy of Bharat Aggarwal, M.D., Diwan Chand Satya Pal Aggarwal Imaging Research Center, New Delhi, 
India). 
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Fig. 2.275 Hepatic alveolar echinococcosis. T2-weighted ETSE (a), SGE (£>), and immediate (c) and 90-s id) postgadolinium 
SGE images. A large lesion with irregular margins is present in the liver that demonstrates mildly high signal on T2-weighted image 
(a) and low signal on Tl -weighted image (£>), and a peripheral rim of enhancement on early-phase image (c) that persists on late 
images (d). There is a substantial solid component within the large infective lesion. The lesions exhibits ill-defined margins. 
(Courtesy of N. Cem Balci, M.D.) 



of a cyst may provoke an intense inflammatory and 
granulomatous reaction in surrounding tissue. 

Echinococcus alveolaris is the causative organism 
for hepatic alveolar echinococcosis (HAE), a rare para- 
sitic disease in which the fox is the main host of the 
adult parasite, with dogs and cats being less frequently 
cited hosts. Pathologically, HAE is characterized grossly 
by multilocular or confluent cystic, necrotic cavities. A 
fibrous rim is not present. Balci et al. [431] described 
the MR appearance of HAE in 13 patients. All lesions 
were large (mean 9.7 cm), solitary, with mixed cystic/ 
solid components and irregular margins. By MRI, HAE 
demonstrated heterogeneous signal intensity on T2- and 
Tl -weighted images and negligible lesional enhance- 



ment after contrast. A perilesional enhancement was 
reported in 5 cases (38%) (fig. 2.275). 

Calcification is common in HAE and appears as 
clusters of microcalcifications or large calcified foci. 
HAE tends to involve extensive regions in the liver in 
an infiltrative pattern because it does not form mem- 
branes or capsules. HAE is more likely to involve the 
porta hepatitis, causing stenoses of portal veins, intra- 
hepatic bile ducts, and hepatic veins, which commonly 
result in portal hypertension. The differential diagnosis 
of HAE includes various infiltrative lesions of the liver, 
such as HCCs and metastases. The typical pattern of 
enhancement of HCC and liver metastases, systemic 
features of infection, and geographic occurrence of the 
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disease may help in the differentiation. HAE can be 
differentiated from hydatid disease, because the latter 
process shows well-defined cyst walls and regular 
contours. 

Mycobacterial Infection 

Mycobacterium tuberculosis. Hepatic tubercu- 
losis is the most frequent form of infectious hepatic 
granulomas [428]. The most common pathway for 
Mycobacterium tuberculosis bacilli to reach the liver is 
through the bloodstream [424]. Although abdominal 
tuberculosis preferentially affects lymph nodes and the 
ileocecal junction [424], the liver is also commonly 
involved. The incidence of hepatic tuberculosis is 
increasing, reflecting, in part, an increase in numbers 
of patients who are immunocompromised, such as 
patients with HIV infection. 

Focal hepatic lesions are typically small and mul- 
tiple with an appearance similar to that of fungal lesions 
(see next section). Infection has a propensity to involve 
the portal triads and spread in a superficial infiltrating 
fashion. This can be visualized as periportal high signal 
intensity on T2-weighted fat-suppressed images and 
moderate/intense enhancement on late-phase fat-sup- 
pressed postgadolinium images. Associated porta 
hepatis nodes are common. 

Mycobacterium avium intracellular (MAI). 

Nontuberculous mycobacterial hepatic infection is 
common and represents the most frequent hepatic 
infection in AIDS [432]. MAI infection is found in 50% 
of livers of patients dying with AIDS [433]. Microscopically, 
hepatic MAI lesions may show a spectrum of appear- 
ances ranging from loose aggregates of histiocytes to 
tight, well-formed granulomas. CT findings reported to 
be suggestive of disseminated MAI infection include 
enlarged mesenteric and/or retroperitoneal lymph 
nodes, hepatosplenomegaly, and diffuse jejunal wall 
thickening (fig. 2.276) [434]. Low-density centers of 
involved lymph nodes are considered a characteristic 
feature on CT images. Similar findings may be appreci- 
ated on MR images. 

Fungal Infection 

Hepatosplenic or visceral candidiasis is a form of inva- 
sive fungal infection that has emerged as a serious 
complication of the immunocompromised state, espe- 
cially in AIDS patients, patients on medical therapy for 
acute myelogeneous leukemia (AML), and patients with 
bone marrow transplantation [435-437]. Prolonged 
duration of neutropenia is thought to be the most 
important risk factor for hepatosplenic candidiasis [437]. 
The most common infecting organism is Candida albi- 
cans, but other fungi may be found. Acute hepato- 
splenic candidiasis involves the liver and spleen, with 



renal involvement occurring in less than 50% of patients. 
Disseminated C. albicans infects the liver in a high 
proportion of cases, leading to development of multifo- 
cal microabscesses or granulomas. Although definitive 
diagnosis requires microbiologic or histologic evidence 
of infection, the absence of organisms on liver biopsy 
tissue or negative culture findings in the presence of 
clinical suspicion does not rule out the diagnosis. 
Moreover, patient survival depends on early diagnosis. 
Therefore, cross-sectional imaging is necessary for diag- 
nosis [438]. Liver lesions are frequently smaller than 
lcm and subcapsular in location. The small size and 
peripheral nature of these lesions make them difficult 
to detect with CT imaging or standard spin-echo MR 
sequences. MRI employing T2-weighted fat suppression 
and dynamic gadolinium-enhanced gradient-echo 
images have been shown to be more sensitive for the 
detection of hepatosplenic candidiasis than contrast- 
enhanced CT imaging [438, 439]. 

T2-weighted fat-suppressed spin-echo sequences 
are effective at demonstrating these lesions, because of 
the high conspicuity of this sequence for small lesions 
and the absence of chemical shift artifact that may mask 
small peripheral lesions. STIR images also show these 
lesions well because of the fat-nulling effect of this 
sequence [440]. Patients with AML undergo multiple 
blood transfusions, so the liver and spleen are low in 
signal intensity on T2-weighted and Tl -weighted images 
[440, 441]. 

Because acute lesions of fungal disease are 
abscesses, they are high in signal intensity on T2- 
weighted images. They also may be seen on gadolin- 
ium-enhanced Tl -weighted images as signal-void foci 
with no appreciable abscess wall enhancement (figs. 
2.277 and 2.278). It has been observed that patients with 
hepatosplenic candidiasis who are immunocompetent 
possess abscesses that demonstrate mural enhancement. 
The absence of abscess wall enhancement may reflect 
the patient's neutropenic state. Overall sensitivity of MRI 
is 100%, and specificity is 96% [438]. 

After institution of antifungal antibiotics, successful 
response may be demonstrated. Central high signal 
develops within lesions on T2-weighted and Tl- 
weighted images that enhances with gadolinium, rep- 
resenting granuloma formation. In addition, a distinctive 
dark perilesional ring is observed on all sequences, 
representing collections of iron-laden macrophages 
throughout granulation tissue at the periphery of lesions 
(fig. 2.279) [442]. This represents the subacute treated 
phase, which may be consistent with a good prognostic 
finding, reflecting the patient's ability to mount an 
immune response. 

MRI also demonstrates chronic healed lesions that 
have responded to antifungal therapy [439]. Chronic 
healed lesions are irregularly shaped, isointense and 
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Fig. 2.276 Mycobacterium avium intracellular (MAI) hepatic infection. Coronal T2-weighted SS-ETSE (a), transverse 
T2-weighted fat-suppressed ETSE (£>), and interstitial-phase gadolinium-enhanced Tl -weighted fat-suppressed SE (c) images. The 
coronal image (a) demonstrates hepatomegaly. On the fat-suppressed T2-weighted image (£>), high-signal-intensity soft tissue is 
present in the porta hepatis (long arrows, b) that extends along periportal tracks (short arrows, b). After gadolinium administration 
(c), enhancing porta hepatis tissue is clearly shown on the fat-suppressed image (long arrows, c), and enhancement is also noted 
of the periportal tissue (short arrow, c). Periportal distribution is a common pattern of involvement with MAI. Gadolinium-enhanced, 
gated T2-weighted fat-suppressed SE image id) of the lungs demonstrates a ground glass appearance with irregularly marginated 
1-cm enhancing nodules consistent with MAI lung infection. 

Coronal T2-weighted SS-ETSE (e), T2-weighted fat-suppressed SS-ETSE </), immediate postgadolinium SGE (g), and 90-s post- 
gadolinium fat-suppressed SGE (h) images in a second patient, who has a history of hereditary blood dyscrasia and currently has 
MAI infection, demonstrate tissue in the porta hepatis and periportal tracks that is high signal on T2 (e, f) and enhances on late 
gadolinium-enhanced fat-suppressed Tl -weighted images (arrows, h). Note also the iron deposition in the liver from transfusional 
siderosis. 
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Fig. 2.276 (Continued) 





Fig. 2.277 Acute hepatosplenic candidiasis. T2-weighted fat-suppressed ETSE (a, c) and immediate postgadolinium SGE (b, 
d) images in two patients. On the T2-weighted images (a, c), multiple well-defined <l-cm high-signal-intensity foci are scattered 
throughout the hepatic parenchyma, with a smaller number of similar lesions apparent in the spleen. On the immediate postgado- 
linium image (b, d), the liver lesions are near signal void and do not show ring or perilesional enhancement. 
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Fig. 2.278 Acute hepatosplenic candidiasis with ring 
enhancement. T2-weighted fat-suppressed SS-ETSE (a) and 45-s 
postgadolinium SGE (b, c) images. There are multiple small, 
rounded lesions scattered throughout the liver that show high 
signal intensity on T2 (a) and decreased signal intensity on Tl- 
weighted images (not shown), with postgadolinium ring enhance- 
ment (b, c). Acute candidiasis was present at histopathology and 
microbiology. The presence of ring enhancement reflects that the 
patient is able to mount an immune response and therefore is not 
severely immunocompromised. 





Fig. 2.279 Subacute hepatosplenic candidiasis. Immediate postgadolinium SGE image (a) demonstrates multiple lesions 
with a concentric ring pattern with an outer irregular signal-void rim, inner high-signal ring, and central low-signal dot (arrow, a). 
T2-weighted fat-suppressed SE (£>), SGE (c), and immediate postgadolinium SGE (d) images in a second patient. Multiple con- 
centric ring lesions are evident that are best shown on precontrast and immediate postgadolinium SGE images (c, d). The outer 
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Fig. 2.279 (Continued) low-signal intensity ring is not appre- 
ciated on T2-weighted images (b) because the perilesional iron 
deposition blends in with the background RES iron deposition. 

SGE O), out-of-phase SGE (/"), and coronal 45-s postgadolin- 
ium SGE (g) images in a third patient. Multiple concentric ring 
lesions are scattered throughout the liver on the SGE image (e). 
The outer signal-void ring becomes more prominent on the longer- 
TE out-of-phase image (/"), because of a magnetic susceptibility 
artifact from iron. Lesion appearance is largely unchanged on the 
postgadolinium image (g). 



poorly shown on T2 -weighted images, and hypointense 
on Tl -weighted images and demonstrate negligible 
enhancement after contrast (fig. 2.280). The lesions are 
most conspicuous as low-signal intensity defects with 



angular margins on immediate postgadolinium SGE 
images. Capsular retraction may also be observed adja- 
cent to the lesions. This constellation of imaging fea- 
tures is consistent with chronic scar formation. 
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TRAUMA 



Liver hematoma, liver laceration, perihepatic hematoma, 
and hemoperitoneum may be consequences of abdomi- 
nal trauma and are all well demonstrated on MR images. 
Liver hematoma can exhibit any morphology; liver 
laceration is identified as a linear, intraparenchymal 
defect (figs. 2.281-2.283); perihepatic hematoma is 
characterized by a fluid collection between parenchyma 



and capsule (subcapsular); and hemoperitoneum is 
seen as free peritoneal fluid. MR features of these enti- 
ties vary according to the paramagnetic effects of various 
products of hemoglobin such as oxygen saturation, 
iron, and protein content [443-448]. The sequence 
used and the magnetic field strength also play a role 
in MR findings [447, 449]. Five stages that reflect the 
age of hemorrhage are described, based on the break- 
down products of hemoglobin and the resulting signal 





Fig. 2.280 Chronic healed candidiasis. T2-weighted fat-suppressed SE (a) and SGE Qf) images. On T2-weighted image (a) 
the area of fibrosis has signal intensity similar to background liver and is not definable. On Tl -weighted image (arrow, b), an irregu- 
lar, polygonal low-signal lesion is present in the right lobe of the liver. 





Fig. 2.281 Liver hematoma. Coronal T2-weighted SS-ETSE (a) and Tl-weighted fat-suppressed SE (b) images in an 8-week-old 
girl who has a history of malpositioned umbilical venous catheter and subsequent liver hematoma. There is a fluid collection in the 
right lobe of the liver that is hyperintense on T2-weighted images (a) and isointense centrally with a hyperintense peripheral ring 
on the fat-suppressed Tl-weighted image (£>), consistent with hematoma. The appearance on the Tl-weighted image, with the 
high-signal peripheral ring, is diagnostic for a hematoma. 




Fig. 2.281 (Continued) Coronal T2-weighted SS-ETSE (c), transverse T2-weighted fat-suppressed SS-ETSE (d), Tl-weighted fat- 
suppressed SE (e), and Tl-weighted interstitial phase fat-suppressed postgadolinium SE (/") images in a newborn patient with dis- 
seminated intravascular coagulation. There are abnormal patchy areas throughout the hepatic parenchyma that exhibit high signal 
intensity on T2-weighted images (c, d) and Tl-weighted image (e) consistent with late subacute blood (extracellular methemoglo- 
bin). After contrast, these areas demonstrate negligible enhancement (/") compatible with ischemia. 





Fig. 2.282 Hepatic hemorrhage after trauma. T2-weighted fat-suppressed ETSE (a), SGE (&), and 45-s postgadolinium SGE (c) 
images. There are two hematomas in the liver parenchyma that demonstrate heterogeneous moderate high signal on T2-weighted 
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Fig. 2.282 (Continued) image (a) and central mild low signal and peripheral ring of high signal on Tl-weighted precontrast 
image (£>), which is diagnostic for subacute hematomas. These lesions do not enhance after gadolinium administration (c), but note 
that the methemoglobin ring remains hyperintense. A high-signal-intensity laceration tract is also noted (arrow, b). 

T2-weighted fat-suppressed ETSE images (d, /) and Tl-weighted noncontrast SGE (e, g) images acquired in a second patient 
from two tomographic levels (d-g). An acute liver laceration is present (arrow, e) through the right lobe of the liver, which contains 
fluid that is bright and dark (oxyhemoglobin) and dark and dark (deoxyhemoglobin) on T2- and Tl-weighted images, respectively. 
Hemorrhage has extended into two liver cysts that contain a combination of hyperacute blood products including oxyhemoglobin 
(thin arrow, g) and deoxyhemoglobin (dark on T2- and isointense on Tl-weighted images; short arrows, /). 

T2-weighted SS-ETSE (/?), SGE (/), and immediate postgadolinium SGE (/') images in a patient after liver trauma. A hematoma 
is seen in the left hepatic lobe that demonstrates high signal intensity on T2-weighted image (h) and low signal intensity on 






Fig. 2.282 (Continued) Tl-weighted image with some areas of increased signal within the lesion (i). After administration of 
contrast (/'), peripheral thin enhancement is appreciated surrounding the lesion. This lesion was compatible with hyperacute 
hematoma. 

T2-weighted fat-suppressed ETSE (&), Tl in-phase (/), Tl -fat-suppressed SGE (m), and 45-s postgadolinium fat suppressed SGE 
(n) images. There is area of heterogeneous persistent high signal intensity seen on the right lobe in all sequences, with no enhance- 
ment after contrast, compatible with subacute hematoma. 
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Fig. 2.283 Intrahepatic hemorrhage after surgery. T2- 

weighted SS-ETSE (a), T2-weighted fat-suppressed SS-ETSE (b), 
and single-shot magnetization-prepared gradient-echo (c) images 
in a patient after laparoscopic cholecystectomy who has a history 
of end-stage renal disease. There is a large area in the right hepatic 
lobe extending into the subcapsular space, which demonstrates 
heterogeneous increased signal intensity on both T2 (a, b)- and 
Tl (c)-weighted images consistent with late subacute hematoma. 
Note the peripheral rim of high signal on the Tl -weighted image 
(c). Subcutaneous edema is more readily appreciated on the fat- 
suppressed T2-weighted image (b) than on the nonsuppressed 
image (a) because of removal of the competing high signal of fat 
on these long echo-train sequences. 




Table 2.2 Stages 


of hemorrhage 








STAGE 


TIME AFTER TRAUMA 


HEMOGLOBIN PRODUCTS 


T2-W* 


T1-W* 


Hyperacute 




4 to 6 hours 


Oxyhemoglobin 


High SI 


Iso or low SI 


Acute 




7 to 72 hours 


Deoxyhemoglobin 


Very low SI 


Iso or low SI 


Early subacute 




4 to 7 days 


Intracellular methemoglobin 


Very low SI 


High SI or high signal in the periphery 
and isointensity on the central area 


Late subacute 




1 to 4 weeks 


Extracellular methemoglobin 


High SI 


High SI 


Chronic 




months to years 


Ferritin and hemosiderin 


Low SI 


Iso SI 



*Signal intensity on T2- and T1 -weighted images. 



intensity on T2- and Tl-weighted precontrast images, 
as follows: hyperacute, acute, early subacute, late sub- 
acute, and chronic. In the hyperacute stage, oxyhemo- 
globin is present, which does not have paramagnetic 
properties and appears as simple fluid on T2- or Tl- 
weighted images. In the acute stage, deoxyhemoglobin 
produces a strong effect on T2-weighted images (near 
signal void), which is a very distinctive finding. In the 
early subacute stage, intracellular methemoglobin still 
has a strong effect on T2-weighted images (near signal 
void) but also has an effect on Tl-weighed images (high 



signal intensity). In the late subacute stage, extracellular 
methemoglobin has a pronounced effect on Tl-weighted 
images causing high signal intensity and appears high 
signal on T2-weighted images. In the chronic stage, 
hemorrhage is low signal intensity on T2-weighted and 
Tl-weighted images due to hemosiderin and ferritin 
effects that usually accumulate peripherally located in 
the region of injury [444, 445, 450-452] (Table 2.2). 

Active bleeding can be shown as progressive accu- 
mulation of high-signal gadolinium on serial postgado- 
linium images in a fluid-containing space [451]. 
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AND RICHARD C. SEMELKA 



INTRODUCTION 



Significant technical improvements of MRI hardware 
and software during recent years have led to the devel- 
opment of new and faster imaging sequences that are 
capable of demonstrating soft tissue well and visualizing 
the biliary and pancreatic ductal systems with excellent 
image quality, sharpness, and resolution previously 
only provided by endoscopic retrograde cholangio- 
pancreatography (ERCP). In several studies, these MR 
techniques, termed magnetic resonance cholangiopan- 
creatography (MRCP), have been shown to be compa- 
rable to ERCP in the diagnosis of choledocholithiasis, 
malignant obstruction of the biliary and pancreatic 
ducts, congenital anomalies, and chronic pancreatitis 
[1-8]. The advantages of MRCP over other imaging 
techniques include the following: 1) The examination 
is noninvasive and requires no anesthesia; 2) the exami- 
nation is not operator dependent, and high-quality 
images can be obtained consistently; 3) no administra- 
tion of intraductal or intravenous contrast agent is 
necessary; 4) no ionizing radiation is employed; 5) 



visualization of ducts proximal to an obstruction is 
superior to that achieved by ERCP; 6) MRCP can be 
successfully performed in the presence of biliary-enteric 
anastomoses (e.g., hepaticojejunostomy, choledochoje- 
junostomy, Billroth II anastomosis); and 7) combination 
with conventional MR sequences is possible and helpful 
for the evaluation of duct wall and extraductal disease 
[91. A significant advantage of ERCP is that it allows 
therapeutic interventions at the time of initial diagnosis. 
Although generally considered a safe procedure, ERCP 
is associated with morbidity and mortality rates of 8% 
and 1%, respectively [10]. In addition, unsuccessful can- 
nulation of the common bile duct (CBD) or pancreatic 
duct occurs in 3-10% of cases [11, 12]. Therefore, in 
many institutions MRCP has become the primary imaging 
modality for diagnostic purposes in the biliary system, 
with ERCP reserved for therapeutic interventions (e.g., 
sphincterotomy, stone removal, dilatation of strictures, 
stent placement) [1, 13, 14]. Ultrasound, because of its 
lower costs, remains the modality of choice for the 
evaluation of cholecystolithiasis, which accounts for 
90% of gallbladder diseases. 
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NORMAL ANATOMY 



The intrahepatic bile ducts are a component of the 
intrahepatic portal triad. They follow the course of 
portal venous branches along their ventral aspect. 
Subsegmental branches join to form segmental branches 
that join to form the right and left hepatic biliary ducts, 
which join to form the common hepatic duct (CHD). 
The confluence of both hepatic ducts is usually at the 
level of the porta hepatis, but it can be substantially 
lower. The gallbladder is situated in the gallbladder 
fossa, located between the right and left lobes of the 
liver, between Couinaud segments four and five. 
Anatomically, the gallbladder is composed of the fundus, 
body, and neck. The gallbladder is usually oval in 
shape, measuring approximately 7-1 Ocm in length and 
2-3.5 cm in width, which can vary substantially depend- 
ing on dietary status. The wall thickness of a normal, 
well-filled gallbladder does not exceed 3 mm. The gall- 
bladder is connected to the CHD via the cystic duct, 
which has a mucosal endoluminal fold (called the spiral 
fold or valve). The confluence of the cystic duct and 
the CHD is typically located superior to the head of the 
pancreas to form the common bile duct (CBD). The 
CBD enters the head of the pancreas and usually joins 
with the main pancreatic duct (Wirsung) just before it 
enters the duodenum through the sphincter of Oddi in 
the major papilla (papilla of Vater). 



MRI TECHNIQUE 



T2-Weighted Sequences/MRCP 

Magnetic resonance cholangiopancreatography (MRCP) 
is based on the acquisition of heavily T2-weighted 
images to provide visualization of stationary or slow- 
moving fluids (e.g., bile) with high signal intensity. 
Because of the heavy T2 weighting of these sequences, 
the signal from the pancreatico-biliary system appears 
hyperintense, whereas the background tissue (e.g., 
hepatic and pancreatic tissue, peritoneal fat, fast-flowing 
blood) is either very low signal or signal void, resulting 
in excellent contrast and depiction of the pancreatico- 
biliary system. The use of phased-array surface coil 
imaging, small field of view, and fat suppression tech- 
niques has resulted in higher signal-to-noise and con- 
trast-to-noise ratios, allowed the acquisition of thinner 
sections and measurement of T2 rather than T2* decay, 
decreased susceptibility artifacts, and diminished sensi- 
tivity to motion artifacts and slow blood flow [15-18]. 

Current MRCP techniques are based on echo-train 
spin-echo techniques that allow two-dimensional (2D) 
and three-dimensional (3D) approaches. Multiple 180° 
pulses with successive echoes (echo train) are acquired 



with a separate phase encoding gradient applied before 
each echo. Each of these detected echoes represents a 
different line within k-space. Ultrafast single-shot echo- 
train spin-echo techniques are capable of acquiring 
images in less than Is [19, 20]. After a single 90° excita- 
tion pulse, an extremely long echo train of 100-150 
refocusing 180° pulses is obtained as a single-shot 
technique. After acquiring slightly more than half of 
k-space after the single 90° pulse, the remainder of 
k-space is filled by extrapolation, because of the intrin- 
sic symmetry of k-space (half-Fourier technique). The 
extremely long echo train leads to diminution of echo 
signal intensity as the echo train progresses and, con- 
sequently, to decreased signal-to-noise and contrast-to- 
noise ratios. However, this effect is counteracted by the 
ultrashort acquisition time (less than 1 s), which "freezes" 
any physiological motion and avoids misregistration, 
and by the very low signal intensity from background 
tissue, which is an effect of the very long TE (600- 
1000 ms). Overall, this leads to a reduction of noise and 
an increase in contrast. The half-Fourier single-shot 
echo-train spin-echo sequences that are currently most 
widely used are half-Fourier RARE (rapid acquisition 
with relaxation enhancement) and HASTE (half-Fourier 
acquisition single-shot turbo spin echo) [21-23]. 
Acquisition of images with a very long TE renders very 
little signal from tissue with short TE such as fat and 
parenchymal organs, which makes the application of 
fat suppression techniques unnecessary. Fluids with 
relatively short TE, such as concentrated bile or muci- 
nous fluid, however, will also give very little signal, 
which may hinder the depiction of small biliary ducts 
or mucinous lesions. An intermediate TE (80-100 ms) 
results in images in which all fluid, including concen- 
trated bile and mucinous fluid, is bright and even small 
ducts are well depicted. The use of fat suppression to 
diminish the signal from surrounding tissue is advisable 
and makes maximum-intensity projection (MIP) post- 
processing possible. To suppress signal from intestinal 
fluid, oral application of iron- or manganese-containing 
contrast agents has been investigated. The diagnostic 
benefits, however, are questionable [24-26]. 

MRCP can be performed with thick-section and 
thin-section sequences. For thick-section images, a 
thick-collimation single section of 4- to 5-cm thickness 
is acquired in a right anterior oblique coronal plane, 
obtained in less than 2 s (figs. 3.1 and 3.2). Several slabs 
can be acquired in various rotations to view the ducts 
from different angles. The images resemble conven- 
tional ERCP images and are particularly useful to provide 
an overview of the pancreatico-biliary system and to 
visualize nondilated ducts. However, thick-section 
technique is not appropriate to investigate intraductal 
pathologies because visualization of small intraductal 
signal-void structures (e.g., calculi) is masked by partial 
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Fig. 3.1 Normal biliary system, MRCP. Thick-slab T2-weighted fat-suppressed single-shot echo-train spin-echo image (a) 
showing a good overview of the normal intra- and extrahepatic biliary system depicting the gallbladder (GB, a), the common bile 
duct (long arrow, a), the common hepatic duct (short arrow, a), the cystic duct (arrowhead, a), and the pancreatic duct (curved 
arrow, a). Thin-slab T2-weighted fat-suppressed single-shot echo-train spin-echo images (b, c) in a different patient demonstrate 
more detail and allow exact evaluation of the lumen and walls of the preampullary section of the common bile duct (long arrow, 
b), the pancreatic duct (short arrow, £>), the common hepatic duct (long arrow, c), and the confluence of the right and left hepatic 
ducts (arrowheads, c). Navigator pulse triggered 30-MRCP in a third patient shows excellent depiction of biliary and pancreatic 
ducts. A gallstone is present in the gallbladder (arrow, d). 



volume averaging with intraductal high signal from fluid 
(e.g., bile). Therefore, the additional acquisition of thin- 
section images with a thin-collimation multisection 
sequence is essential. Images in a right anterior oblique 
plane provide a cholangiographic display capturing the 
bifurcation of the CHD into right and left hepatic ducts 
(figs. 3.1 and 3-3). An additional acquisition in the axial 
plane provides a useful evaluation of the distal CBD 
and the pancreatic duct. Alternatively, thick-slab images 



in the coronal and axial planes can be used as localizers 
to focus the acquisition of thin-collimation images on 
the middle and distal CBD in the coronal plane. As 
another alternative, coronal thick-section images can be 
used to assess the range for axial thin-section images 
covering the entire biliary and pancreatic ductal system. 
On these images, a thin-section paracoronal series can 
be exactly targeted to depict the bifurcation of the CHD 
and the entire course of the CBD. Slice thickness of 





Fig. 3.2 Thick-section MRCP versus 3D MIP reconstruction image. T2-weighted fat-suppressed thick-section MRCP single- 
shot echo-train spin-echo (a) and 3D MIP reconstruction image (b) from a series of thin-section single-shot echo-train spin-echo 
images. A pancreatic head carcinoma obstructs the preampullary CBD and pancreatic duct. The entire biliary tree and the pancreatic 
duct (curved arrow, a, b) are dilated. Note the finer resolution and detail of the 3D MIP image (b). G = gallbladder. 




Fig. 3.3 Thin-section MRCP versus 3D MIP reconstruction 
image. MRCP 3D MIP reconstruction (a) and coronal T2-weighted 
fat-suppressed thin-section single-shot echo-train spin-echo (b) 
images. On the MIP image (a), severe dilation of the CBD (short 
arrow, a) is shown, but no CBD calculus is visualized. Multiple sig- 
nal-void calculi are demonstrated in the gallbladder (long arrow, a). 
The coronal thin-section image (b) reveals a 5-mm preampullary 
CBD stone (arrow, b). Coronal T2-weighted thin-section echo-train 
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Fig. 3.3 (Continued) spin-echo (c), coronal thin-section fast spin-echo MRCP (d), thick-section fast spin-echo MRCP (e), 
reconstructed 3D MIP MRCP (/") images demonstrate the right accessory bile duct in another patient. 



and 
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1-3 mm provides sufficient signal to obtain good-quality 
images and is sufficiently thin to detect small calculi 
(see figs. 3.1 and 3-3). Thin-collimation images can be 
obtained as multiple single-section acquisitions with no 
gap in an interleaved fashion to avoid cross-talk. 

Three-dimensional reconstruction can also be per- 
formed on the thin-collimation source images, using a 
maximum-intensity projection (MIP) algorithm that gen- 
erates images that closely resemble conventional chol- 
angiograms (see figs. 3.1 and 3-3). However, volume 
averaging effects degrade spatial and contrast resolu- 
tion, which makes it necessary to use the thin-source 
images for the evaluation of pathology, in particular 
for the detection of small stones and subtle mural 
irregularity. 

Single-shot echo-train spin-echo sequences, such as 
HASTE and RARE techniques, can be applied as breath- 
hold or breathing-independent sequences. The breath- 
ing-independent thick-section approach is the fastest 
technique and is especially useful in patients who are 
uncooperative or cannot hold their breath (e.g., infants, 
the very sick, and old patients). For thin-section acquisi- 
tions, misregistrations due to respiratory motion should 
be avoided and thus breath-hold sequences are gener- 
ally preferable. A new non-breath-hold respiratory- trig- 
gered turbo spin echo (TSE) technique uses navigator 
pulses to register the movement of the diaphragm in 
order to compensate for respiratory motion [27, 28]. In 
this technique the high-resolution data set is acquired 
over several respiratory cycles. A series of navigator 
pulses are acquired in order to measure the diaphragm 
position and thus to detect when the patient has reached 
the relatively long quiet phase at end expiration. At that 
point, the sequence switches from navigation to imaging 
and acquires several lines of k-space using a TSE 
approach. The respiratory navigator then resumes in 
order to ensure that the next repetition is also acquired 
with the diaphragm in roughly the same position. With 
the use of a volumetric, heavily T2-weighted sequence 
(TE ~600ms), 3D Turbo Spin-Echo images are acquired 
over a period of several minutes, which allows 
the reconstruction of 3D images and thin 2D images 
[27, 28]. 

Tl-Weighted Sequences 

Tl -weighted sequences are useful for the evaluation of 
duct walls and parenchymal lesions. These can be 
acquired as Tl -weighted gradient-echo sequences in a 
2D or a 3D technique, obtained before and after gado- 
linium administration. Fat suppression techniques are 
essential as they improve the delineation of enhancing 
duct walls, inflammatory tissue, small lymph nodes, and 
tumor infiltration from surrounding fatty tissue [29]. The 
use of breath-hold Tl -weighted gradient-echo sequences 



after gadolinium administration also provides informa- 
tion on the blood supply and interstitial space of dis- 
eased tissue that facilitates characterization. 

In addition to standard nonspecific extracellular 
gadolinium chelates, Tl -shortening intravenous contrast 
agents that are partly eliminated in bile have been used 
for the evaluation of the biliary system, including gado- 
benate dimeglumine (Multihance) and gadoxetic acid 
(Eovist) [30, 31]. Manganese-based contrast agent Mn- 
DPDP is also eliminated through the biliary route; 
however, it is not currently available in the USA. Owing 
to their lipophilic character, these contrast agents are 
taken up by hepatocytes and secreted into the biliary 
ductal system. Gadoxetic acid (Eovist) has a greater 
fractional elimination by the biliary system than gado- 
benate dimeglumine (Multihance), and as a result biliary 
elimination is visualized at 15min with gadoxetic acid 
(Eovist) compared to 1 h with gadobenate dimeglumine 
(Multihance) [31]. On Tl -weighted images, this leads to 
bright signal of contrasted bile in biliary ducts and gall- 
bladder (fig. 3.4). Bright bile images can be generated 
with 2D or 3D Tl -weighted gradient-echo techniques. 
However, in the presence of high-grade biliary obstruc- 
tion the bile ducts distal to the obstruction may remain 
noncontrasted, and in patients with diminished hepato- 
cyte function the biliary system may be poorly opaci- 
fied. Laceration or injury to the biliary system may be 
revealed as high-signal fluid leaking beyond the biliary 
system. 



NORMAL APPEARANCE 

AND VARIANTS 

Gallbladder 

On T2-weighted sequences, the walls of the gallbladder 
and bile ducts are of low signal intensity and normal 
bile shows high signal intensity (fig. 3-5). On Tl- 
weighted images, the wall of the gallbladder is of inter- 
mediate signal intensity, comparable to adjacent soft 
tissue such as liver. Bile within the gallbladder may vary 
from very low to high signal intensity on Tl-weighted 
images, because of variations in the concentration of 
water, cholesterol, and bile salts (see fig. 3.5) [32]. 
Nonconcentrated bile accumulates in the gallbladder 
and demonstrates low signal intensity on Tl-weighted 
sequences, similar to water. With reabsorption of water 
and increased cholesterol and bile salt concentration, 
the Tl relaxation time decreases and the signal from 
concentrated bile becomes increasingly high with 
increased concentration (fig. 3.6) [32]. In the presence 
of concentrated bile (e.g., in prolonged fasting state), a 
layering effect is often appreciated, with the concen- 
trated hyperintense bile in the dependent portion of the 





Fig. 3.4 Contrast-enhanced normal biliary tree. Tl- 

weighted coronal Mn-DPDP-enhanced GE image (a) with fat sup- 
pression. The normal intrahepatic (small arrows) and extrahepatic 
(curved arrow) bile ducts demonstrate high signal intensity due 
to the Tl shortening of Mn-DPDP, which is excreted in the bile. 
Note also the enhancement of normal liver parenchyma. Tl- 
weighted postgadolinium fat-suppressed 3D-GE images acquired 
after the administration of gadobenate dimeglumine (Multihance) 
(b-d) and gadoxetic acid (Eovist) (e). The common bile duct is 
seen as a hypointense structure on hepatic venous phase 3D-GE 
image (b) after the administration of gadobenate dimeglumine in 
another patient. The extrahepatic bile ducts (arrows, c), the 
common bile duct (arrow, d), and the gallbladder show contrast 
enhancement on 1-h delayed 3D-GE images (c, d) after the admin- 
istration of gadobenate dimeglumine. The common bile duct 
(arrow, e) also shows enhancement on 15-min delayed coronal 
3D-GE image (e) after the administration of gadoxetic acid in 
another patient. Gadobenate dimeglumine and gadoxetic acid 
have both extracellular and intracellular properties. They are 
hepatocyte-specific contrast agents (intracellular property) and 
are taken up by hepatocytes and excreted into the bile ducts. 
Therefore, they have dual elimination, including biliary and renal. 
They can be used as routine extracellular gadolinium agents for 
the acquisition of arterial, venous, and interstitial phase images. 
Delayed imaging also allows us to obtain additional morphologic 
and functional information for the liver and biliary system and 
their pathologies. Note that the liver is enhanced on delayed 
images (c-e). The enhancement of the liver is more with gadoxetic 
acid because of its higher biliary elimination (50%) compared to 
the biliary elimination of gadobenate dimeglumine (3%). 




Fig. 3.5 Normal gallbladder. T2-weighted fat-suppressed 
spin-echo (a) and gadolinium-enhanced Tl -weighted fat-sup- 
pressed spin-echo Qf) images. On the T2-weighted image (a), the 
gallbladder content is high signal intensity and the gallbladder wall 
(arrows) is not well visualized. On the gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo image (b), the gallbladder wall 
(arrows) is well shown as a thin enhancing structure. The gallblad- 
der wall adjacent to the liver is not clearly defined because the 
enhancement of gallbladder wall and liver are similar. 

T2-weighted simple shot echo-train spin-echo (c), Tl -weighted 
GE (d), fat-suppressed GE (e), immediate postgadolinium fat- 
suppressed GE (/"), and 2-min postgadolinium fat-suppressed spin- 
echo (g) images in a second patient with normal gallbladder. The 
bile is high in signal on the T2-weighted image (c) and low in signal 
on the Tl -weighted images (d-g). The normal gallbladder wall is 
barely perceptible as a thin line, best shown on the immediate 
postgadolinium image (/"). 
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Fig. 3.6 Abnormal signal of bile. T2-weighted fat-suppressed spin-echo (a) and Tl-weighted GE (b) images in a patient with 
primary biliary cirrhosis. The bile in the gallbladder is highly concentrated, resulting in low signal on the T2-weighted image (a) 
and high signal on the Tl-weighted image Qf). A small pleural effusion is present in the right posterior pleural recess showing high 
signal on the T2-weighted image (a). 

Coronal T2-weighted single-shot echo-train spin-echo (c) and coronal Tl-weighted GE id) images in a second patient with 
concentrated bile in the gallbladder showing moderately high signal on the T2-weighted image (c) and high signal on the Tl- 
weighted image id). Note that on the T2-weighted image (c), both fluid and fat are higher signal than bile. 



gallbladder fundus (fig. 3.7). After intravenous gado- 
linium administration, the normal gallbladder wall 
enhances homogeneously comparable to the enhance- 
ment of adjacent liver parenchyma (see fig. 3.5). 
Variations of the gallbladder include phrygian cap 
configuration, ectopic location (i.e., intrahepatic, retro- 
hepatic, or beneath the left lobe), and septations. 
Septations are best visualized on single-shot T2-weighted 
sequences, in which they appear low signal in a back- 
ground of high-signal fluid. 



Bile Ducts 

With MRCP sequences, the intrahepatic ducts can be 
visualized as an arborizing system of high signal inten- 
sity that can be followed into the outer third of the liver 
in over 90% of patients (see fig. 3.1) [331. Anatomic 
variants, however, occur relatively frequently and are 
of clinical importance in laparoscopic cholecystectomy 
and in living donor liver transplantation because pre- 
operative^ unrecognized bile duct variations may result 
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Fig. 3.7 Layering of gallbladder bile. Tl -weighted fat- 
suppressed spin-echo image. Layering of the bile in the gall- 
bladder is observed with the more concentrated, hyperintense 
bile (arrow) in the dependent portion of the gallbladder. 



Inferior to the papilla is the longitudinal fold. The shape 
and size of the major papilla can vary, with reported 
average diameters of 15 x 7 mm (longitudinal x trans- 
verse) [38]. The minor papilla is the orifice of the dorsal 
pancreatic duct and is located proximal to the major 
papilla. With MRCP, the major papilla is visualized 
in 40% of cases [39]. The minor papilla is seen less 
frequently. 

On Tl -weighted sequences, the signal of bile in 
intrahepatic ducts is usually low because of its high 
water content. In the CBD, however, the signal can be 
variable, reflecting the concentration of bile, although 
concentrated bile is observed much less frequently in 
the CBD compared to the gallbladder. On postgado- 
linium fat-suppressed images acquired approximately 
2min after gadolinium administration, the bile duct 
walls are best depicted and show moderate enhance- 
ment that may be slightly higher than that of normal 
liver parenchyma. 



in complications [34]. The clinically most important vari- 
ants are aberrant intrahepatic ducts that may join the 
common hepatic duct (CHD), common bile duct (CBD), 
cystic duct, gallbladder, or an anomalous right hepatic 
duct that joins the CBD, all of which place the patient 
at increased risk for bile duct injury at endoscopic cho- 
lecystectomy (fig 3-3) [35]. A right dorsocaudal intrahe- 
patic branch draining into the left hepatic duct, known 
as crossover anomaly, is the most frequent bile duct 
variation. MRCP can play a valuable role in the pre- 
operative evaluation of the biliary tree because of its 
excellent capability of noninvasively detecting aberrant 
or accessory ducts [6, 36]. 

The extrahepatic ducts (CHD, cystic duct, CBD) are 
consistently well evaluated (fig. 3.8). Occasionally, sur- 
gical clips, metallic stents, or pneumobilia may render 
segments of the ducts signal void. The cystic duct can 
be visualized in its full extent, including its insertion 
into the CBD (see fig. 3.1). A number of variations of 
its insertion are of clinical significance for laparoscopic 
cholecystectomy because they also have been shown 
to increase the risk of bile duct injury. Such variants 
include a low or medial duct insertion, insertion into 
the right hepatic duct, a long parallel course of the 
cystic and common hepatic ducts, and a short cystic 
duct [6, 37]. 

The CBD empties into the duodenum through the 
major papilla. This is a small mucosal protrusion into 
the duodenum resulting from the muscles that surround 
the distal CBD and ventral pancreatic duct. Its signal 
intensity is isointense to duodenal wall on Tl- and T2- 
weighted images. Along the superior aspect of the major 
papilla is the superior papillary fold, which often forms 
a hood over the papilla that may be quite prominent. 



Biliary Anastomoses 

In the presence of end-to-end anastomosis (e.g., after 
orthotopic liver transplantation), Roux-en-Y, or other 
choledochoenteric anastomoses, ERCP is technically 
very difficult to perform or contraindicated. In such 
instances, MRCP is the imaging modality of choice and 
may be particularly useful to exclude strictures (e.g., at 
the anastomosis) and to demonstrate the morphology 
and diameter of the bile ducts distal and proximal to 
the anastomosis (fig. 3-9) [40]. The presence of a biliary- 
enteric anastomosis can be suspected when small bowel 
is noted tucked into the porta hepatis (see fig. 3-9). 



DISEASES OF THE GALLBLADDER 

Nonneoplastic Disease 

Gallstone Disease 

Predisposing factors for cholelithiasis can be summa- 
rized as "female, forty, fat, fair, fertile," preexisting cho- 
lestasis, inflammatory bowel disease, and metabolic 
disorders (e.g., diabetes mellitus, pancreatic disease, 
hypercholesterolemia, cystic fibrosis). The primary 
imaging modality for cholecystolithiasis is sonography. 
However, because of the high prevalence of this disease, 
gallstones frequently are encountered incidentally and 
familiarity with their MRI appearance is essential. 

MRCP sequences are highly sensitive and accurate 
in depicting cholecystolithiasis and can outperform 
ultrasound and computed tomography [2]. Gallstones 
generally present as intraluminal, signal-void, round or 
faceted structures on both Tl- and T2-weighted images 
(fig. 3.10). Occasionally, areas of high signal intensity 
will be present in gallstones on Tl- and T2-weighted 
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Fig. 3.8 Normal biliary tree. Coronal T2-weighted single- 
shot echo-train spin-echo images (a, b, c) in three patients. In the 
first patient (a), the biliary tree is visualized with high signal, 
allowing clear depiction of normal anatomy. The second part of 
the duodenum (Du) is outlined by a small amount of physiological 
fluid in this fasting patient (a) (CBD, common bile duct; GB, gall- 
bladder; St, stomach). A small liver cyst (arrow, a) is present in 
the right lobe. In a second adult patient (b), the right and left 
hepatic, common hepatic, and common bile ducts are demon- 
strated. A short portion of the pancreatic duct is also seen. In a 
1-yr-old child (c), the CBD (arrow) is well visualized despite the 
lack of patient cooperation. Coronal id) and transverse (e) T2- 
weighted single-shot echo-train spin-echo images at 3.0T demon- 
strate normal common bile duct (arrow, d) and pancreatic duct 
(arrow, e) in another patient. Note that valvula conniventes of the 
small intestine are seen very well, and there are biliary hamarto- 
mas in the liver. 



sequences, or, less commonly, the stones will appear 
largely hyperintense on Tl -weighted sequences (fig. 
3.11) [41, 42]. The exact cause for the increased signal 
intensity has not yet been established. It has been 



shown, with spectroscopy and chemical analysis of 
gallstones, that it is not caused by high lipid content 
[42]. Therefore, the presence of protein macromolecules 
or dispersed calcium microparticles, which shorten Tl 
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(c) 




Fig. 3.9 Biliary anastomosis. Coronal T2-weighted fat-suppressed thin-section MRCP image (a) in a patient with hepatico- 
porto-enterostomy (after Kasai operation) showing the normal anastomosis between a bowel loop and the porta hepatis (arrow). 
Intrahepatic nondilated bile ducts are also well depicted (thin arrow). Paracoronal T2-weighted fat-suppressed thick-section MRCP 
image (b) and thin-section MRCP images (c, d) in a different patient with hepaticojejunostomy after liver transplantation. The thick- 
slab MRCP image (£>) gives an excellent overview of the anatomic situation. The biliary anastomosis (long arrow, b-d) between the 
common hepatic duct and the jejunal bowel loop (asterisk, b; curved arrow, c, d) shows normal diameter and regular fluid signal. 
The intrahepatic bile ducts are mildly dilated, and the right and left hepatic ducts (short arrows, c, d) are well visualized. The 
remaining original common bile duct (arrowhead, b) and the adjacent pancreatic duct are also visualized. T2-weighted coronal 
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Fig. 3.9 (Continued) thin-section fast spin-echo MRCP (e, /) 
and reconstructed 3D MIP MRCP (g) images demonstrate the 
common bile duct-jejunum anastomosis in another patient. There 
is stenosis (arrow, /) in the region of anastomosis, and there are 
stones (arrows, e) proximally in the dilated bile ducts. 



relaxation times, may be a reasonable explanation [43, 
44]. Occasionally, the specific weight of a gallstone is 
lower than that of bile and the gallstone will float in 
the nondependent portion of the gallbladder (fig. 3.12). 
In this case, a gallstone can be differentiated from a 
gallbladder polyp by the lack of enhancement on Tl- 
weighted postgadolinium images. 

Acute Cholecystitis 

Acute inflammation of the gallbladder is caused by 
obstruction of the cystic duct (e.g., by cystic duct stones) 
in 80-95% of patients. Morphologic criteria to establish 



the diagnosis have been described in the ultrasound 
literature. A combination of gallbladder wall thickening 
(>3mm), three-layered appearance of the wall, hazy 
delineation of the gallbladder, localized pain (Murphy's 
sign), presence of gallstones, gallbladder hydrops, and 
fluid surrounding the gallbladder indicate a high prob- 
ability of acute cholecystitis. In the presence of acalcu- 
lous cholecystitis, or if many of these signs are absent, 
establishing the correct diagnosis with ultrasound is 
challenging and findings can be equivocal. 

Acute cholecystitis results in increased blood flow 
and capillary leakage due to inflammatory changes, 







Fig. 3.10 Gallstone disease. T2-weighted 8-mm transverse (a) and coronal (b) single-shot echo-train spin-echo images and 
coronal thin-section MRCP single-shot echo-train spin-echo image with fat suppression (c). Multiple calculi are demonstrated as 
round or faceted signal-void structures in the gallbladder (a, b, c) and the CBD (arrows, b and c), outlined by high-signal bile. Note 
how much better the CBD stones are visualized on the thin-section MRCP image (c) compared to the standard 8-mm image (£>). 

Transverse T2-weighted single-shot echo-train spin-echo image id) in a second patient showing multiple tiny signal-void calculi 
in the dependent portion of the gallbladder. 

Transverse T2-weighted fat-suppressed spin-echo image (e) in a third patient showing stones in the phrygian cap of the gallblad- 
der (straight arrow, e) and in the cystic duct (curved arrow, e). T2-weighted single-shot echo-train spin-echo (/"), Tl -weighted 
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Fig. 3.10 (Continued) SGE (g), and Tl-weighted postgadolinium interstitial phase SGE (h) images demonstrate multiple hypoin- 
tense stones in the gallbladder in another patient. Note that there are multiple cysts in the kidneys and this finding is consistent 
with autosomal dominant polycystic kidney disease. 




Fig. 3.11 Hyperintense gallstones. Tl-weighted 
opposed-phase GE image showing several small gallstones 
(arrows) of uniform high signal intensity in the dependent 
portion of the gallbladder. 




Fig. 3.12 Floating gallstones. Transverse T2-weighted 
single-shot echo-train spin-echo image demonstrating multiple 
small, signal-void calculi floating in the nondependent portion 
of the gallbladder. Concentrated bile (sludge), appears as mod- 
erately hypointense material in the dependent portion of the 
gallbladder (open arrow). 



which is reflected on MRI by increased enhancement 
on postgadolinium images. The high sensitivity of MRI 
for gadolinium enhancement, especially with the use of 
fat suppression techniques, makes it an effective tech- 
nique for the diagnosis of acute cholecystitis, demon- 
strating higher sensitivity and accuracy than ultrasound 
[45, 46]. The enhancement is most pronounced along 
the mucosal layer of the gallbladder wall on Tl-weighted 



immediate postgadolinium images and progresses to 
involve the entire thickness of the wall on more delayed 
images (fig. 3.13). The percentage of contrast enhance- 
ment of the gallbladder wall has been shown to cor- 
relate well with the presence of acute cholecystitis 
and was more accurate than wall thickness in distin- 
guishing acute from chronic cholecystitis and gallblad- 
der malignancy [46, 47]. An important finding in acute 
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Fig. 3.13 Acute cholecystitis. Transverse T2-weighted fat-suppressed echo-train spin-echo (a),Tl -weighted GE (£>), immediate 
postgadolinium GE (c), and 90-s postgadolinium GE id) images. The wall of the gallbladder (GB) is mildly thickened (4 mm) and 
shows increased signal intensity on the T2-weighted image (arrows, a). A giant hemangioma (H) is seen in segment 6 of the liver. 
On the immediate postgadolinium image (c), increased enhancement of the gallbladder mucosa and transient increased enhance- 
ment of liver parenchyma adjacent to the gallbladder is apparent (arrow, c).On the 90-s postgadolinium image (d), increased 
enhancement of the entire gallbladder wall (arrows, d) is shown. Also note the peripheral nodular enhancement of the hemangioma 
(H). 

T2-weighted fat-suppressed spin-echo (e), Tl-weighted GE (/"), immediate postgadolinium GE (g), and 2-min postgadolinium fat- 
suppressed GE (h) images in another patient. The gallbladder wall shows increased signal and wall thickening on the T2-weighted 
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Fig. 3.13 (Continued) image (e). Increased enhancement of the gallbladder mucosa and transient increased enhancement of 
adjacent liver parenchyma (arrows, g) are seen on the immediate postgadolinium image (g). T2-weighted fat-suppressed single-shot 
echo-train spin-echo (i), Tl-weighted SGE (/), Tl-weighted postgadolinium hepatic arterial dominant phase SGE (&), and Tl- 
weighted postgadolinium interstitial phase fat-suppressed SGE (/) images demonstrate acalculous cholecystitis in another patient. 
The gallbladder wall is thickened and shows hyperintense signal on T2-weighted image due to edema (/). There is transient increased 
pericholecystic hepatic parenchymal enhancement, which is a highly specific finding associated with acute inflammation, on 
the hepatic arterial dominant phase (&). The gallbladder wall shows intense enhancement on the interstitial phase (/). Note that 
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Fig. 3.13 (Continued) the bile shows layering on T2-weighted image (i) and the gallbladder is enlarged. Tl-weighted postgado- 
linium fat-suppressed 3D-GE (m, n) and T2-weighted thin section fast spin echo MRCP (o) and reconstructed 3D MIP MRCP (p) 
images at 3.0 T demonstrate mild acalculous cholecystitis in another patient. There is transient increased pericholecystic hepatic 
parenchymal enhancement (arrows, m) on the hepatic arterial dominant phase (m), which fades to isointensity with the remaining 
liver parenchyma on the hepatic venous phase (n). The gallbladder wall shows prominent enhancement on the hepatic venous 
phase (n). MRCP images show the dilated biliary system due to ampullary stenosis secondary to passed stone. Fusiform ending of 
the common bile duct (arrow, o) suggests the presence of ampullary stenosis. Note that the gallbladder is enlarged. 



cholecystitis is the transient increased enhancement of 
adjacent liver tissue on immediate postgadolinium 
images, which can be observed in approximately 70% 
of patients (figs. 3.13-3.15) [46, 47]. This reflects a 
hyperemic inflammatory response to the adjacent acute 
inflammation in the gallbladder wall. Thus findings that 
are indicative of acute cholecystitis on postgadolinium 
Tl-weighted images include 1) increased wall enhance- 
ment, 2) transient increased enhancement of adjacent 
liver parenchyma on immediate postgadolinium images, 
and 3) increased thickness of the gallbladder wall [48]. 
Findings on T2-weighted images that are helpful to 
establish the diagnosis are 1) presence of gallstones, 2) 
presence of pericholecystic fluid, 3) presence of intra- 



mural edema or abscesses appearing as hyperintense 
foci in the gallbladder wall, and 4) increased wall thick- 
ness (see figs. 3.13-3.15) [47]. Periportal high signal 
intensity may be observed but is a nonspecific finding. 
Acute acalculous cholecystitis comprises about 
5-15% of all acute cholecystitis cases. It can be caused 
by depressed motility (e.g., in patients with severe 
trauma/surgery, burns, shock, anesthesia, diabetes 
mellitus), by decreased blood flow in the cystic artery 
due to extrinsic obstruction or embolization, or by 
bacterial infection (fig. 3.1 6). MR imaging may be espe- 
cially useful for the diagnosis of acute acalculous 
cholecystitis in critically ill patients [46]. Complications 
of acute cholecystitis including abscess formation and 
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Fig. 3.14 Acute cholecystitis with gallstones. T2-weighted single-shot echo-train spin-echo (a),Tl-weighted fat-suppressed 
GE (£>), immediate postgadolinium GE (c), and 2-min postgadolinium fat-suppressed GE (d) images. The bile in the gallbladder is 
highly concentrated, showing low signal on the T2-weighted image (a) and high signal on the Tl -weighted image (&). 

Several low-signal gallstones are visualized in the gallbladder and the CBD (arrows, a, c, d). The gallbladder wall is thickened. On 
the immediate postgadolinium image (c), the adjacent liver parenchyma demonstrates transient increased enhancement (open 
arrows, c). Immediate postgadolinium GE image (e) in another patient demonstrating transient hyperemic enhancement of the liver 
(arrows, e) adjacent to the gallbladder. Immediate postgadolinium fat-suppressed GE image (/") in a normal subject for comparison, 
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Fig. 3.14 (Continued) demonstrating homogeneous enhance- 
ment of the liver. GB, gallbladder. Coronal T2-weighted single-shot 
echo-train spin-echo (g), coronal Tl -weighted SGE (h), transverse 
T2-weighted single-shot echo-train spin-echo (i), transverse Tl- 
weighted postgadolinium hepatic arterial dominant phase SGE (/'), 
and transverse Tl-weighted postgadolinium fat-suppressed inter- 
stitial phase SGE (k) images demonstrate acute calculous chole- 
cystitis in another patient. The common bile duct and the biliary 
system are dilated because of the presence of stone (arrows, g-i) 
in the common bile duct. Note that the stone is hyperintense on 
Tl-weighted image (h) and there is another small stone in the 
gallbladder. The gallbladder is enlarged. The gallbladder wall is 
thickened and edematous. There is transient increased perichole- 
cystic hepatic parenchymal enhancement (arrowj) on the hepatic 
arterial dominant phase. The gallbladder wall shows prominent 
enhancement on the interstitial phase (k). Note the free fluid in 
the abdomen. 
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Fig. 3.15 Acute on chronic cholecystitis. T2-weighted fat-suppressed echo-train spin-echo (a), Tl -weighted fat-suppressed 
spin-echo (£>), immediate postgadolinium GE (c), and 2-min postgadolinium fat-suppressed spin-echo (d) images. The gallbladder 
wall is thickened (arrows, a, c, d) with increased mural signal intensity on the T2-weighted image (a). On the Tl-weighted image 
(b), layering of high-signal concentrated bile in the dependent portion and a small, hypointense, gallbladder stone (arrow, b) are 
shown. 

On the immediate postgadolinium image (c), moderate enhancement of the gallbladder mucosa and transient increased enhance- 
ment of adjacent liver parenchyma (arrowheads, c) are consistent with acute cholecystitis. Delayed heterogeneous enhancement 
of the markedly thickened gallbladder wall, demonstrated on the 2-min postgadolinium image (d), is suggestive of chronic inflam- 
matory changes. The low signal intensity of the renal cortex is due to iron deposition in this patient with sickle cell anemia. K, 
kidney. 



perforation can also be evaluated with high accuracy 
with MRI. 

Hemorrhagic Cholecystitis 

Hemorrhagic cholecystitis is more prevalent in patients 
with acalculous cholecystitis than in patients with cal- 
culous cholecystitis. Blood breakdown products in the 
gallbladder wall and lumen can be clearly identified 
with precontrast MRI sequences. Because of the specific 
signal intensity characteristics of these blood break- 
down products on Tl- and T2-weighted sequences, the 



age of the hemorrhage may be determined (fig. 3.17). 
High signal on Tl-weighted images is a distinctive 
feature of this condition, and MRI may be uniquely able 
to establish the diagnosis of hemorrhagic cholecystitis. 

Chronic Cholecystitis 

Chronic cholecystitis is more common than acute cho- 
lecystitis. However, the clinical findings of acute chole- 
cystitis and chronic cholecystitis may overlap, and MR 
imaging may be used for the differentiation [46]. Because 
of the longstanding inflammatory process, a variable 





Fig. 3.16 Chemoembolization-induced acute cholecystitis. Immediate (a) and 90-s (b) postgadolinium GE images. Transient 
pericholecystic enhancement of the liver parenchyma (arrowheads, a) is noted on the immediate postgadolinium image (a). 
Homogeneous enhancement is observed after 90s (£>). The thickened gallbladder wall (arrows, a, b) shows progressive enhance- 
ment from a to b. 






Fig. 3.17 Hemorrhagic cholecystitis. T2-weighted fat-suppressed echo-train spin-echo (a), Tl-weighted fat-suppressed spin- 
echo (b), and immediate postgadolinium GE (c) images. On the T2-weighted image (a), the thickened gallbladder wall (small arrows, 
a) shows areas of high and low signal. A pericholecystic area of predominantly low signal (arrowheads, a) is located anteromedi- 
ally. On the Tl-weighted image (b), areas of high signal intensity consistent with hemorrhage are noted within the substantially 
thickened gallbladder wall (small arrows, b). The large complex anteromedial area (arrowheads, b) is predominantly of high signal, 
which in combination with the low signal on the T2-weighted image is consistent with intracellular methemoglobin in an area of 
hemorrhage. The delayed postgadolinium GE image (c) shows to better advantage the thick gallbladder wall (small arrows, c) and 
the hemorrhagic pericholecystic fluid collection (arrowheads, c). A calculus (long arrow, c) is incidentally shown in the right renal 
collecting system. Coronal T2-weighted single-shot echo-train spin-echo id), transverse Tl-weighted fat-suppressed 3D-GE (e), 
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Fig. 3.17 (Continued) transverse Tl-weighted postgadolin- 
ium arterial phase (/"), and hepatic venous phase (g) fat-suppressed 
3D-GE images at 3.0 T demonstrate acute hemorrhagic cholecysti- 
tis in another patient. The gallbladder is enlarged and its wall is 
thickened. The wall shows hypointense signal on T2-weighted 
image id) and hyperintense signal on Tl-weighted image (e), 
which is consistent with hemorrhage. There is transient increased 
pericholecystic hepatic parenchymal enhancement on the arterial 
phase (/"), which fades to isointensity with the remaining liver 
parenchyma on the hepatic venous phase (g). 



degree of fibrosis occurs, causing wall thickening and 
shrinkage of the gallbladder. In contrast to acute cho- 
lecystitis, mural gadolinium enhancement is mild and 
most prominent on delayed postgadolinium images. 
Pericholecystic enhancement is minimal or absent, 
because of the lesser severity of the inflammatory 
process (fig. 3.18). The adjacent liver parenchyma 
usually does not show increased enhancement [46, 49]. 
A recent report has shown that increased gallbladder 
wall enhancement and increased transient pericholecys- 
tic hepatic enhancement were the most significant dif- 
ferences between acute and chronic cholecystitis [46]. 
The wall of the gallbladder may calcify, resulting in 
porcelain gallbladder (fig. 3.19). On MR images, calci- 
fications may appear as signal-void foci. Patients with 
porcelain gallbladder may be at increased risk for gall- 
bladder carcinoma. Therefore, enhancing nodular tissue 
arising from the gallbladder wall, best shown on fat- 
suppressed late postgadolinium images, should raise 
suspicion of malignant disease in these patients. A 



uniform wall of less than 4 mm, however, excludes the 
presence of malignancy (see fig. 3.19). 

Xanthogranulomatous Cholecystitis 

Xanthogranulomatous cholecystitis (fibroxanthogranu- 
lomatous inflammation) is a rare, focal or diffuse, 
destructive inflammatory disease of the gallbladder that 
is assumed to be a variant of chronic cholecystitis. The 
pathogenesis is thought to be occlusion of mucosal 
outpouchings (Rokitansky-Aschoff sinuses) with subse- 
quent rupture and intramural extravasation of inspis- 
sated bile and mucin that causes an inflammatory 
reaction with multiple intramural xanthogranulomatous 
nodules. The importance of this disease is that it mimics 
gallbladder carcinoma both clinically and radiologically 
[50]. The MRI findings are focal or diffuse gallbladder 
wall thickening with contrast enhancement. Small intra- 
mural abscesses may be demonstrated as foci of high 
signal on T2 -weighted images and low signal on Tl- 
weighted images [51]. 
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Fig. 3.18 Chronic cholecystitis. T2-weighted fat-suppressed spin-echo (a),Tl-weighted GE (£>), immediate postgadolinium GE 
(c), and 90-s postgadolinium fat-suppressed GE (d) images. On the T2-weighted image (a), the gallbladder is shrunken and irregular 
in shape, with poorly defined walls and a low-signal gallstone (arrow, a). On the precontrast Tl -weighted image (b), the gallbladder 
wall is partly hyperintense (arrow, b). It enhances mildly on the immediate postgadolinium image (c), but no increased enhance- 
ment is noted in the adjacent liver parenchyma. On the 90-s postgadolinium fat-suppressed image (d), the gallbladder wall shows 
progressive enhancement. 

T2-weighted single-shot echo-train spin-echo (e),Tl-weighted fat-suppressed GE (/"), and 2-min postgadolinium fat-suppressed 
GE (g) images in a second patient with chronic cholecystitis. The gallbladder is shrunken and irregular in shape and shows 
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Fig. 3.18 (Continued) pronounced wall thickening. On the 
T2-weighted image (e), small hyperintense foci (short arrows, e) 
represent intramural fluid collections. 

The gallbladder shows enhancement on the 2-min postgado- 
linium image (g). In the pericholecystic space, complex septations 
(arrows,/, g) demonstrating enhancement on the postgadolinium 
image (g) are suggestive of fibrous inflammatory tissue. Small low- 
signal calculi are seen in the gallbladder lumen (e-g). T2-weighted 
single-shot echo-train spin-echo (h), Tl -weighted fat-suppressed 
SGE (/), Tl -weighted fat-suppressed postgadolinium hepatic arte- 
rial dominant phase 3D-GE (/'), and interstitial phase SGE (k) 
images demonstrate chronic cholecystitis in another patient. The 
gallbladder wall is thickened and shows hyperintense signal on 
T2-weighted image (h) due to edema. The gallbladder wall shows 
minimal enhancement on the hepatic arterial dominant phase (/') 
and moderate enhancement on the interstitial phase (k). The 
absence of associated transient increased pericholecystic hepatic 
parenchymal enhancement in combination with other findings 
suggest the presence of chronic cholecystitis. Note that the bile 
has high signal on Tl -weighted image (i). 
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Fig. 3.19 Porcelain gallbladder. Diffuse calcification of 
the gallbladder wall was seen on a CT examination (not shown). 
The Tl -weighted 2-min postgadolinium fat-suppressed GE 
image demonstrates uniform enhancement of a smooth 3- 
mm-thick gallbladder wall, which excludes superimposed 
malignancy. 



Diffuse Gallbladder Wall Thickening 

Diffuse gallbladder wall thickening may be present in 
a number of hepatic, biliary, and pancreatic diseases. 
Among nontumorous causes are hepatitis, liver cirrho- 
sis, hypoalbuminemia, renal failure, systemic or hepatic 
venous hypertension, AIDS cholangiopathy, and graft- 
versus-host disease. Important features to discriminate 
these conditions from cholecystitis are minimal enhance- 
ment of the gallbladder wall and lack of increased 
enhancement of adjacent structures on postgadolinium 
images, in particular the lack of transient increased 
enhancement of adjacent liver parenchyma (fig. 3.20). 

Neoplastic Disease 

Gallbladder Polyps 

Gallbladder polyps are often incidentally identified 
arising from the gallbladder wall and are either sessile 
or pedunculated. They comprise a wide spectrum of 
histologic types; however, the vast majority are benign. 
Nevertheless, gallbladder polyps pose a dilemma with 
respect to diagnosis of potential malignancy and deter- 
mination of proper long-term management. The major- 
ity are cholesterol polyps that do not have malignant 
potential. Approximately 10% of gallbladder polyps, 
however, are adenomas, which are thought to have 
malignant potential [52]. However, this determination 
may be reliably established only by histology. Polyps 
are typically homogeneously low to intermediate in 
signal intensity on Tl- and T2-weighted MR images. On 
Tl -weighted postgadolinium images, they show moder- 
ate homogeneous enhancement that is most pronounced 



on delayed images (fig. 3.21). Polyps can be readily 
distinguished from calculi on the basis of gadolinium 
enhancement, or by location: While the polyp is located 
on the nondependent surface of the gallbladder wall, 
calculi generally layer on the dependent surface or float 
horizontally within the gallbladder. Polyp size may be 
used as an indicator for malignant potential: Polyps 1 cm 
or smaller have minimal risk for malignancy and can be 
managed by imaging follow-up [531. Symptomatic 
lesions, irregular polyps, polyps larger than 1cm, or 
interval increase in size are worrisome for malignancy, 
and cholecystectomy is indicated [54]. 

Gallbladder Adenomyomatosis 

Adenomyomatosis is a relatively common disease with 
a reported incidence of up to 5% [55]. This disease entity 
is characterized by hyperplasia of epithelial and muscu- 
lar elements with mucosal outpouching of epithelium- 
lined cystic spaces into a thickened muscularis layer. 
These changes can involve the entire gallbladder or 
may be focal. The mucosal outpouchings are termed 
Rokitansky-Aschoff sinuses, and they form small 
intramural diverticula that are pathognomonic. On MR 
images, these fluid-filled sinuses appear as small intra- 
mural foci of low signal intensity on Tl -weighted images 
and high signal intensity on T2-weighted images [55-57]. 
After gadolinium administration, early mucosal enhance- 
ment and late homogeneous enhancement can be 
observed (fig. 3.22) [55]. Demonstration of Rokitansky- 
Aschoff sinuses with a breath-hold or breathing- 
independent T2-weighted sequence has been shown to 
be a useful imaging finding to differentiate adenomyo- 
matosis from gallbladder carcinoma [55]. However, this 
differentiation may be difficult on the basis of imaging. 

Gallbladder Carcinoma 

Gallbladder carcinoma is the most common biliary 
malignancy and occurs predominantly in the sixth and 
seventh decades with a slight female predominance [58]. 
Porcelain gallbladder has been considered a predispos- 
ing factor for gallbladder carcinoma. A recent large 
series, however, has cast doubt on this supposition [59]: 
In a review of 10,741 cholecystectomies, 15 specimens 
were porcelain gallbladder, and none of these 15 had 
gallbladder carcinoma [59]. Other diseases that are 
associated with gallbladder carcinoma are cholecystoli- 
thiasis, inflammatory bowel disease (predominantly 
ulcerative colitis), and chronic cholecystitis. However, 
fewer than 1% of patients with gallstones develop gall- 
bladder carcinoma, and the risk for carcinoma is minimal 
if the stones are small and asymptomatic. The risk of 
developing carcinoma is increased if the stones are 
large and symptomatic, warranting prophylactic chole- 
cystectomy. The most common histologic type of gall- 
bladder carcinoma is adenocarcinoma, with squamous 
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Fig. 3.20 Gallbladder wall edema. Coronal T2-weighted 
fat-suppressed single-shot echo-train spin-echo (a), Tl-weighted 
immediate postgadolinium GE (&), and 2-min postgadolinium fat- 
suppressed GE (c) images. In this patient after bone marrow trans- 
plantation, the gallbladder wall is markedly edematous and 
thickened (arrows, a-c). Because of the high fluid content of the 
wall, the signal intensity is high on the T2-weighted image (a) and 
low on the Tl-weighted images (b, c). The gallbladder mucosa 
shows moderate early and late enhancement (b, c). The adjacent 
liver parenchyma is normal. 



cell tumor being far less common [60]. The 5-year sur- 
vival rate is very poor (approximately 6%), reflecting 
that up to 75% of tumors are unresectable at initial 
presentation because of local invasion of adjacent 
organs. 

Findings at MRI that are suggestive of gallbladder 
carcinoma are 1) a mass either protruding into the gall- 
bladder lumen or replacing the lumen completely; 2) 
focal or diffuse thickening of the gallbladder wall greater 
than 1 cm; and 3) soft tissue (tumor) invasion of adja- 
cent organs such as the liver, duodenum, and pancreas, 
which occurs frequently (fig. 3.23) [58, 61, 62]. On Tl- 
weighted MR images, the tumor is hypo- or isointense 
compared to adjacent liver. On T2-weighted sequences, 
it is usually hyperintense relative to the liver and poorly 
delineated (see fig. 3.23) [62, 63]. The tumor usually 



enhances on Tl-weighted immediate postgadolinium 
images in a heterogeneous fashion, which facilitates 
differentiation from chronic cholecystitis [64]. However, 
superimposed infection or perforation of gallbladder 
carcinoma may be indistinguishable from severe acute 
cholecystitis. Invasion of the tumor into adjacent organs 
and the presence of lymph node metastases are features 
of advanced disease and can be best visualized with a 
combination of a T2 -weighted fat-suppressed sequence, 
Tl-weighted immediate postgadolinium gradient echo, 
and 2-min postgadolinium fat-suppressed gradient-echo 
sequence (see fig. 3.23) [62]. Preservation of a fat plane 
between tumor and surrounding structures excludes 
invasion. Delayed fat-suppressed gadolinium-enhanced 
images are particularly useful to delineate tumor spread 
along bile ducts and into the mesenteric fatty tissue. 







Fig. 3.21 Gallbladder polyps. T2-weighted fat-suppressed single-shot echo-train spin-echo (a), Tl -weighted GE (£>), and 2-min 
postgadolinium fat-suppressed GE (c) images. A 1-cm polyp (arrows, a-c) is shown on the nondependent surface of the gallbladder. 
The polyp is intermediate signal on the T2-weighted image (a), showing high contrast against bile. The polyp is low signal on the 
Tl -weighted image (b) and can barely be seen. Intense uniform enhancement of the polyp is appreciated on the 2-min post- 
gadolinium image (c). Enhancement and nondependent location distinguish the polyp from a gallbladder calculus. T2-weighted 
single-shot echo-train spin-echo id) and Tl -weighted 60-s postgadolinium GE (e) images in a second patient. 

A polyp (arrows, d, e) is demonstrated in the nondependent portion of the gallbladder, showing intermediate signal on the 
T2-weighted image id) and enhancement on the postgadolinium image ie). Layering of concentrated bile in the dependent portion 
of the gallbladder is seen on both sequences id, e). 

Transverse interstitial phase gadolinium-enhanced fat-suppressed SE image if) in a third patient, with coexistent acute acalculous 
cholecystitis, demonstrates two small enhancing polyps (arrows, /). Note the intense enhancement of the acutely inflamed and 
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Fig. 3.21 (Continued) thickened gallbladder wall. Coronal T2-weighted echo train spin echo (g), transverse Tl-weighted SGE 
(h), transverse Tl-weighted postgadolinium hepatic arterial dominant phase SGE (i), and hepatic venous phase fat-suppressed SGE 
(/') images demonstrate the gallbladder wall polyp, which shows prominent enhancement on postgadolinium images in another 
patient. The size of the polyp is relatively large, and its contours are irregular. These findings suggest that the lesion has malignant 
features, and the histopathologic findings are consistent with adenocarcinoma not extending beyond the serosa. 



Metastases to the Gallbladder 

A number of malignant diseases can metastasize to the 
gallbladder. Among the most common primary malig- 
nancies are breast carcinoma, melanoma, and lym- 
phoma. Breast cancer and melanoma more commonly 
show focal gallbladder involvement, whereas lymphoma 
more commonly presents with diffuse mural involve- 
ment and thickening (fig. 3.24). 



DISEASES OF THE BILE DUCTS 

One of the main indications for MRCP and/or conven- 
tional MRI of the biliary system is to reveal the cause 
for biliary obstruction and to characterize the lesion 
process as benign or malignant. MRCP has become the 
first-line imaging modality for the diagnostic evaluation 
of bile ducts including the obstruction. In patients in 



whom ERCP is difficult to perform or contraindicated 
(e.g., patients who have undergone liver transplantation 
or biliary-enteric anastomosis), MRCP is the primary 
modality to evaluate biliary obstruction [65]. Common 
causes for benign obstruction are gallstone disease or 
strictures as a sequel to inflammation or surgery [66]. 
Malignant causes are pancreatic head tumors, primary 
biliary tumors, ampullary tumors, and compression from 
adjacent malignancies. In all cases it is necessary to 
define the level, grade, and cause of the biliary obstruc- 
tion. Therefore, demonstration of the lumen and the 
walls of the bile ducts, as well as the surrounding 
tissue, is required. This can be achieved with a combi- 
nation of MRCP and conventional MRI sequences 
acquired before and after intravenous administration of 
gadolinium. 

The normal maximal diameters of the CBD as visu- 
alized with MRCP (measured on coronal source images) 




Fig. 3.22 Gallbladder adenomyomatosis. T2-weighted fat- 
suppressed single-shot echo-train spin-echo (a) and late postgado- 
linium Tl -weighted GE (b) images. The gallbladder is shrunken 
and shows wall thickening. Layering of low-signal concentrated 
bile in the dependent portion is demonstrated on the T2-weighted 
image (a). Rokitansky-Aschoff sinuses (arrows, a, b) are visualized 
as high-signal foci in the gallbladder wall on the T2-weighted image 
(a) and as signal-void sinuses on the Tl -weighted image (b). On 
the T2-weighted image (a), a small calculus (arrowhead, a) can be 
observed. A large adenocarcinoma in the pancreatic head (arrow- 
head, b) is better seen on the postgadolinium image (b). 

Sagittal T2-weighted echo train spin echo (c), coronal recon- 
structed 3D MIP MRCP image (d), and transverse Tl -weighted 
postgadolinium fat-suppressed 3D-GE image (e) demonstrate ade- 
nomyomatosis in another patient. Aschoff-Rokitansky sinuses 
(arrows, c, d) are seen as high signal intensity cystic spaces on 
T2-weighted image (c) and MRCP image id). The gallbladder wall 
shows homogeneously enhancing thickening and unenhanced 
sinuses on postgadolinium image (e). 
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Fig. 3.23 Gallbladder carcinoma. T2-weighted fat-suppressed single-shot echo-train spin-echo (a), Tl-weighted immediate 
postgadolinium GE (£>), and 2-min postgadolinium fat-suppressed GE (c) images. The gallbladder (arrows, a-c) has a masslike appear- 
ance and shows an irregular and markedly thickened wall (arrows) that is moderately hyperintense on the T2-weighted image (a). 
Intense, slightly heterogeneous enhancement is demonstrated on the immediate and 2-min postgadolinium images (b, c), showing 
poor delineation from liver parenchyma. 

T2-weighted fat-suppressed single-shot echo-train spin-echo id) and Tl-weighted 2-min postgadolinium fat-suppressed GE (e) 
images in a second patient with adenocarcinoma of the gallbladder. A signal-void stone is shown on the T2-weighted image (d). 
The gallbladder wall demonstrates partial irregular thickening (arrow, e), best visualized on the postgadolinium image (e). Small 
hypoenhancing areas in the adjacent liver parenchyma (curved arrows, e) are suggestive of metastases to the liver. 

Transverse Tl-weighted 2-min postgadolinium fat-suppressed GE image (/") in a third patient with gallbladder cancer demon- 
strates irregular nodular thickening of the gallbladder wall (arrows, /). 





Fig. 3.23 (Continued) Tl-weighted fat-suppressed spin-echo images (g, h) in a fourth patient demonstrating gallbladder cancer, 
which is intermediate in signal intensity and infiltrates along the duodenal wall (curved arrow, g) and head of the pancreas encasing 
the gastroduodenal artery (short arrow, g). Signal-void calculi are present within the gallbladder (long arrow, g). On a more superior 
image at the level of the porta hepatis (h), a large tumor (straight arrows, h) is demonstrated. Good contrast is observed between 
intermediate-signal tumor and high-signal pancreas (curved arrow, h). 

Tl-weighted postgadolinium hepatic arterial dominant phase (/,/) and hepatic venous phase (k, /) fat-suppressed 3D-GE images 
demonstrate gallbladder carcinoma in another patient. The gallbladder wall is irregularly thickened because of the tumor (white 
arrows, j, /). The adjacent liver parenchyma (white arrows, /, k) is heterogeneous because of tumor invasion. Multiple peripherally 
enhancing liver metastases are detected. Abdominal wall metastasis (black arrows, /-/) and peritoneal metastasis (open arrows, 
j, /) are also shown. There is increased differential enhancement in the right hepatic lobe on the hepatic arterial dominant phase 
(/, f) due to right portal vein thrombosis. Increased differential enhancement becomes isointense with the remaining liver paren- 
chyma on the hepatic venous phase (k, /). 
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Fig. 3.24 Burkitt lymphoma of the gallbladder. Tl-weighted GE (a) and 2-min postgadolinium fat-suppressed spin-echo (£>) 
images. The gallbladder wall (arrows, a, b) is diffusely thickened because of infiltration by lymphoma. Note the uniform moderate 
enhancement of the wall after contrast administration (£>), which is less than that observed for acute cholecystitis. Gallbladder 
metastasis from ovarian cancer. T2-weighted fat-suppressed single-shot echo-train spin-echo (c), Tl-weighted SGE (d), and Tl- 
weighted postgadolinium fat-suppressed hepatic arterial dominant phase (e) and interstitial phase (/") 3D-GE images demonstrate 
the gallbladder wall metastases (white arrows, c-/) from ovarian cancer. The tumor shows moderate enhancement on postgado- 
linium images (e, /). Note that there are lymph node (black arrows, c-/) and peritoneal (open arrow, /) metastases. 
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is considered 7 mm in patients with their gallbladder in 
place and 10 mm in patients after cholecystectomy. Duct 
diameter, however, increases slightly with increasing 
patient age. Normal intrahepatic bile ducts show smooth 
walls that taper slowly toward the periphery. 

Benign Disease 

Choledocholithiasis 

Calculi in the biliary ducts, although less frequent than 
in the gallbladder, are the most common cause of extra- 
hepatic obstructive jaundice. With the increase of lapa- 
roscopic cholecystectomy over recent years, the interest 
in preoperative diagnosis of choledocholithiasis has 
surged, because the presence of bile duct stones renders 
laparoscopic procedures extremely difficult. Ultrasound 
and CT imaging are not well suited for the diagnosis of 
choledocholithiasis because of their relatively low sen- 



sitivity and accuracy [67-70]. ERCP is still considered 
the gold standard technique for the evaluation of the 
biliary ductal system and allows therapeutic interven- 
tions such as sphincterotomy for the release of CBD 
stones. However, significant complications (e.g., pan- 
creatitis) after sphincterotomy occur in 6-13% of patients, 
with an overall mortality rate up to 1.5% [71-73]. Even 
with diagnostic ERCP alone, the rate of major complica- 
tions or death is 5-8% and the rate of failed ERCP is 
5-20% [10, 74, 75]. 

MRCP is a noninvasive technique that is ideally 
suited for detecting bile duct stones because of the high 
contrast of calculi as intraluminal low-signal-intensity or 
signal-void structures against high-signal-intensity bile 
(fig. 3-25). A number of studies have shown that MRCP 
is superior to CT or ultrasound and comparable or 
superior to ERCP in detecting choledocholithiasis [2, 5, 
21, 76, 77]. A study of 366 patients by Topal et al. [78] 




Fig. 3.25 Choledocholithiasis, MRCP. T2-weighted sin- 
gle-shot echo-train spin-echo images in the coronal (a) and 
transverse plane with fat suppression (b) and coronal thin- 
section MRCP single-shot echo-train spin-echo image with fat 
suppression (c). Multiple faceted low-signal calculi (arrows, a, 
b) are shown in the dilated CBD with good contrast against 
surrounding high-signal bile. On the thin-section MRCP image 
(c), the dilated intrahepatic ducts (short arrows, c) and a stone 
in the CHD (long arrow, c) are visualized more clearly. The 
normal pancreatic duct (curved arrow, c) is also well depicted. 
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came to the conclusion that in patients with a predicted 
probability of CBD stones of more than 5%, MRCP is 
recommended to confirm or rule out choledocholithia- 
sis. For the detection of intrahepatic stones, MRCP 
proved to be even more effective than ERCP, with sen- 
sitivity and specificity of 97% and 93%, respectively, for 
MRCP versus 59% and 97%, respectively, for ERCP [791. 

At MRI, ductal biliary stones typically have a 
rounded or oval-shaped configuration with a meniscus 
of fluid above their proximal edge (fig. 3-26). On thin- 
section source images, stones consistently appear as 
signal- void foci and can be detected as small as 2 mm 
in dilated and nondilated ducts [2]. On thick-section 
images, however, the detection rate of stones depends 
on their size. Large or medium-sized stones in normal- 
caliber ducts are readily detectable as signal-void struc- 
tures, but small stones that are completely surrounded 
by fluid may escape detection because of volume aver- 
aging effects. Another potential missed diagnosis is an 
impacted stone in the ampulla, not surrounded by fluid, 
that may be misinterpreted as a stricture (fig. 3.27). Soto 
et al. [80] compared the performance of thick-slab, thin- 
slab, and 3D fast-SE MRCP sequences with ERCP for 
detecting choledocholithiasis in 49 patients. They found 
sensitivity and specificity rates exceeding 92% and 92%, 
respectively, for all sequences. There was 100% agree- 
ment between MRCP and ERCP in the detection of 
ductal dilatation. 

Mirizzi's syndrome is a rare condition in which the 
stone in the cystic duct compresses the common bile 
duct and causes obstruction. This condition can also be 
successfully evaluated with MRCP (fig. 3.27). 

Pitfalls of MRCP. A common pitfall in the diag- 
nosis of choledocholithiasis is intraductal air bubbles 
(pneumobilia), which can be differentiated from stones 
by observing that air-filling defects lie on the nonde- 
pendent portion of the bile duct against the wall or by 
recognition of an air-fluid level (fig. 3.28). Blood clots, 
however, may be indistinguishable from biliary stones 
(fig. 3.28). Other pitfalls that may mimic calculi include 
1) tortuosity of the bile duct that results in the duct 
traveling in and out of the imaging plane; 2) insertion 
of the cystic duct into the CBD, which when observed 
en face on coronal images may appear as a round 
hypointense focus mimicking a stone; 3) flow artifacts 
in bile ducts (fig. 3.29); 4) metallic clips; and 5) external 
compression artifact from the right hepatic or gastro- 
duodenal artery, which may result in a signal void focus 
(see fig. 3.29) [3, 81, 82]. Careful attention to the exact 
location of these defects (e.g., air in a nondependent 
location, continuation of the cystic duct or right hepatic 
or gastroduodenal arteries on adjacent images, clips in 
the gallbladder fossa) and interpretation of MRCP MIP 
reconstruction images in conjunction with thin-section 



source images most often permits correct exclusion of 
these entities as representing stones. Flow of bile that 
occurs intermittently during biliary contractions is fastest 
in the center of the ducts and can cause small flow- void 
artifacts, especially when the flow is perpendicular to 
the image plane. Acquiring thin-slab MRCP images in 
two perpendicular planes is most helpful to confirm or 
exclude the presence of a stone. The intraductal central 
location of this flow void is another hint to differentiate 
this artifact from stones because the latter tend to be 
located in the dependent portion of the ducts (see 
fig. 3.29). 

Another pitfall is complete filling of the biliary 
system with debris, with the absence of visible high- 
signal bile within the biliary system. This may mask 
the fact that the bile ducts are dilated and debris-filled 
(fig. 3.29) [831. 

Ampullary Stenosis 

The clinical symptoms of ampullary stenosis include 
recurrent, intermittent upper abdominal pain, abnormal 
liver tests, and dilatation of the common bile duct. 

Ampullary Fibrosis. The most common cause of 
benign ampullary stenosis is fibrosis, which occurs most 
frequently as a sequel to stone passage in the context 
of choledocholithiasis. The degree of biliary ductal dila- 
tation is usually mild to moderate but can be severe. In 
the acute phase, swelling and edema of the ampulla 
may be present, shown as enlarged prominence of the 
ampulla and increased signal intensity on T2-weighted 
images. In the chronic stage, fibrosis of the ampulla 
appears as low signal intensity on T2-weighted images 
without enlargement of the ampulla. Rarely, these 
fibrotic changes are proliferative and lead to pronounced 
enlargement of the ampulla, which may give the impres- 
sion of an obstructing tumor. Tl -weighted immediate 
postgadolinium images are a useful tool to show normal 
enhancement of the periampullary pancreatic paren- 
chyma to exclude pancreatic tumor (figs. 3-30 and 3-31). 
Nevertheless, endoscopic biopsy may sometimes be 
necessary to establish the correct diagnosis. 

Papillary Dysfunction. Functional stenosis of the 
sphincter of Oddi includes spasm of the sphincter of 
Oddi and abnormalities of the sequencing or frequency 
rate of sphincteric contraction waves [84]. This results 
in delayed drainage of the CBD with clinical symptoms 
and radiologic signs of biliary obstruction at the level 
of the papilla. MRI can aid in establishing the diagnosis 
by ruling out morphologic causes for biliary ductal 
dilatation (fig. 3-32). To visualize the function of the 
sphincter of Oddi, serial thick-section MRCP single-shot 
echo-train spin-echo images ("functional MRCP") can 
help to show regular relaxation of the sphincter [84, 86]. 
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Fig. 3.26 Choledocholithiasis. Coronal T2-weighted single- 
shot echo-train spin-echo image (a). In the distal dilated CBD, a 
low-signal stone (arrow, a) is shown with a meniscus of high- 
signal bile above its proximal edge. 

T2-weighted single-shot echo-train spin-echo images (b, c) in 
a second patient revealing a 2-mm low-signal choledocholith 
(arrow, b) in the mildly dilated distal CBD and another tiny calcu- 
lus more caudally (c) in the preampullary CBD (arrow, c). A duo- 
denal diverticulum (curved arrows, b, c) is shown with high-signal 
fluid content in the dependent and a signal-void air bubble in the 
nondependent portions. High-signal cortical renal cysts are present 
in the left kidney. 

Transverse T2-weighted single-shot echo-train spin-echo 
images (d, e) in a third patient demonstrating several low-signal 
2-mm calculi in the gallbladder (arrow, d) and in the preampullary 
CBD (arrow, e). 





Fig. 3.27 Ampullary choledocholithiasis. Coronal (a) and 
transverse (b) T2-weighted single-shot echo-train spin-echo images 
and coronal thin-section MRCP single-shot echo-train spin-echo 
image with fat suppression (c). Multiple small low-signal calculi 
are demonstrated in the gallbladder (a, b). The CHD and CBD 
(arrows, a, b) are dilated but no intraductal stone is visualized on 
the 8-mm coronal and transverse images (a, b). The thin-section 
MRCP image (c) reveals a small choledocholith (arrow, c) that is 
lodged in the ampulla and obstructs the CBD. The duodenum is 
filled with fluid outlining its folds (a, c). High-signal cysts are 
incidentally revealed in the dome of the liver (a) and the left 
kidney (a, b). Paracoronal thick-section MRCP (d), thin-section 
MRCP (e), and axial T2-weighted single-shot echo-train spin-echo 
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Fig. 3.27 (Continued) (/") images in a different patient. In the 
distal CBD, a low-signal stone (arrow, d-f) is shown with a menis- 
cus of high-signal bile above its proximal edge. Note the dilatation 
of the proximal CBD. The paracoronal thin-section MRCP image 
(e) better visualizes the stone (arrow, e) and shows its preampul- 
lary position. The axial T2-weighted single-shot echo-train spin- 
echo image (/") shows the stone (arrow, /) in the dependent 
portion of the preampullary CBD and better demonstrates the 
adjacent organs. 

Coronal T2-weighted single-shot echo-train spin-echo (g), 
coronal T2-weighted thin-section echo-train spin-echo (/?), coronal 
thick-section fast spin-echo MRCP (/), and transverse T2-weighted 
fat-suppressed single-shot echo-train spin-echo (/') images demon- 
strate Mirizzi's syndrome in another patient with prior cholecys- 
tectomy. The common bile duct and proximal biliary ducts are 
dilated because of the compression of the common bile duct 
resulting from the presence of a stone (arrows, g-j) in the cystic 
duct. The cystic duct is also dilated, and there is another stone in 
the stump. 
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Fig. 3.28 Air in bile ducts. Transverse T2-weighted single- 
shot echo-train spin-echo image (a) in a patient after ERCP 
showing a signal-void air bubble (arrow) floating in the nondepen- 
dent portion of the CBD. Hemorrhage in bile ducts. Coronal 
T2-weighted single-shot echo-train spin-echo (b), transverse T2- 
weighted single-shot echo-train spin-echo (c), and transverse fat- 
suppressed postgadolinium hepatic arterial dominant (d) and 
interstitial phase (e) images demonstrate the presence of blood in 
a patient who underwent prior ERCP in another patient. The 
common bile duct is dilated, and there is a distal intraluminal 
structure (arrows, b-e) which shows low signal on T2-weighted 
images (b, c) and intermediate signal on Tl -weighted images (d, 
e). The findings are consistent with blood products. Note the 
portal hypertension findings. 




MRCP performed after intravenous administration of 1 
unit of secretin per kilogram of body weight ("pharma- 
codynamic MRCP") with images acquired every 30-60 s 
over a period of lOmin is under investigation for its 
role in papillary dysfunction [87, 88]. 



Sclerosing Cholangitis 

Inflammation and obliterative fibrosis of intrahepatic 
and extrahepatic bile ducts characterize this disease 
entity. Progressive periductal fibrosis eventually leads 
to disappearance of small ducts and strictures of larger 
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Fig. 3.29 Flow artifact mimicking a stone in an asymptomatic person. The axial thin-slab MRCP image (a) shows a small, 
signal-void round area (arrow, a) in the center of the preampullary common bile duct (CBD). The paracoronal thin-slab MRCP image 
(b) demonstrates a normal, fluid-filled CBD (arrow, £>), excluding the presence of a stone. Low signal of debris filled ducts masks 
dilated bile ducts. Coronal thick-section fast spin-echo (c) and transverse T2-weighted fat-suppressed single-shot echo-train spin- 
echo (d) images demonstrate dilated and debris-filled bile ducts developing secondary to an obstruction in another patient who 
had prior liver transplantation. Dilated and debris-filled CBD and intrahepatic bile ducts show less signal (arrows, c). Note the portal 
hypertension findings and ascites on T2-weighted image (d). 



ducts. The anatomic changes in the biliary tract and the 
hepatic histologic changes are nonspecific and can 
either be secondary to infection or hepatic arterial 
damage, or "primary" when immune factors are thought 
to underlie the disease [891. 



Primary Sclerosing Cholangitis. Approximately 
71% of patients with primary sclerosing cholangitis (PSC) 
also have inflammatory bowel disease [90]. Approximately 
87% of these patients have ulcerative colitis, and 13% 
have Crohn disease [891. PSC results in cholestasis with 
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Fig. 3.30 Ampullary fibrosis, imaging artifacts. Coronal 
T2-weighted single-shot echo-train spin-echo image (a), thin- 
section MRCP single-shot echo-train spin-echo image with fat sup- 
pression (b) , and transverse T 1 -weighted immediate postgadolinium 
GE image (c). The intrahepatic and extrahepatic bile ducts are 
dilated. The signal-void area in the proximal CBD (arrow, b) is 
caused by the crossing hepatic artery and does not represent an 
intraductal stone. The tubular nature of the vessel is better 
depicted on the MRCP image (b) than on the standard T2-weighted 
image (a). On the postgadolinium image (c), the pancreas is well 
delineated against the dilated CBD (arrow, c) and shows normal 
enhancement. The diagnosis of ampullary fibrosis was confirmed 
by ERCP. 





Fig. 3.31 Ampullary fibrosis. Coronal T2-weighted thin-section MRCP single-shot echo-train spin-echo image (a) shows the 
entire dilated CBD (arrow, a), excluding ductal calculi. Transverse Tl -weighted fat-suppressed GE (b) and immediate postgadolinium 
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Fig. 3.31 (Continued) GE (c) images in a second patient with 
ampullary fibrosis. The pancreas and ampulla appear normal on 
the fat-suppressed GE image (b) at the level of the ampulla (arrow, 
b), "with no evidence of a mass. This is confirmed on the immedi- 
ate postgadolinium image (c), which shows homogeneous 
enhancement of the pancreas at the level of the ampulla (arrow, 
c), excluding tumor. 

Coronal T2-weighted single-shot echo-train spin-echo (d), 
coronal reconstructed 3D MIP MRCP (e), and transverse postgado- 
linium hepatic arterial dominant phase fat-suppressed 3D-GE (f, g) 
images at 3.0 T demonstrate ampullary fibrosis in another patient. 
The biliary system is diffusely dilated. The common bile duct 
shows fusiform ending, and the distal common bile duct shows 
minimal enhancement and thickening (arrows, d-g). These find- 
ings suggest the presence of ampullary fibrosis. 
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Fig. 3.32 Papillary dysfunction. Coronal T2-weighted thin- 
section MRCP single-shot echo-train spin-echo image with fat sup- 
pression (a) and transverse Tl-weighted fat-suppressed GE (b) and 
2-min postgadolinium fat-suppressed GE (c) images. The CBD 
(straight arrow, a-c) is severely dilated without evidence of an 
intraductal stone on the thin-section MRCP image (a). The pan- 
creatic duct (curved arrow, a-c) is also mildly dilated. The pan- 
creas and region of the ampulla show no evidence of a tumor on 
the precontrast (b) and postgadolinium (c) images. Papillary dys- 
function was diagnosed on ERCP. 



progression to secondary biliary cirrhosis and hepatic 
failure. Current hypotheses hold immune factors or toxic 
bacterial products that cross the inflamed colonic mucosa 
and enter the portal venous bloodstream accountable 
for PSC by inducing pericholangitic inflammation and 
fibrosis [90]. The diagnosis of PSC is made using chol- 
angiographic findings supported by histologic results. 
Clinical features, such as ulcerative colitis or cholestasis, 
may be supportive but are not diagnostic. 

The imaging appearance of PSC is characterized by 
multifocal, irregular strictures and dilatations of seg- 
ments of the intra- and extrahepatic biliary tree. The 
strictures are usually short and annular, alternating with 
normal or slightly dilated segments, producing a beaded 
appearance (fig. 3-33). Because of fibrosis of higher- 
order intrahepatic bile ducts the biliary tree has the 
appearance of cut-off peripheral ducts, described as 



"pruning." The disease may involve intrahepatic ducts, 
extrahepatic ducts, or both, with the cystic duct usually 
spared. All of these findings are not pathognomonic for 
PSC and can be found in secondary forms as well. If 
the intrahepatic ducts are involved in isolation, differ- 
entiation must be made from primary biliary cirrhosis, 
which can be distinguished clinically from PSC. The 
conventional imaging modality to establish the diagno- 
sis of PSC is ERCP. However, this method is associated 
with risks of pancreatitis and perforation and has been 
shown to result in progression of cholestasis in patients 
with PSC [74, 91]. MRCP has shown to be an adequate 
method for the diagnosis and follow-up of PSC [92, 931 
The imaging features that can be depicted in PSC are 
identical to the findings described for ERCP. In a com- 
parative study with ERCP involving 150 patients, MRCP 
showed a sensitivity and specificity to depict PSC of 
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Fig. 3.33 Primary sclerosing cholangitis (PSC), beading. Coronal T2-weighted single-shot echo-train spin-echo images 
without (a) and with Qf) fat suppression in two different patients (a, b, respectively). The high-signal intrahepatic bile ducts demon- 
strate beading caused by short strictures alternating with dilated (a) or normal-caliber (b) segments. Coronal T2-weighted single-shot 
echo-train spin-echo (c), coronal thick-section fast spin-echo MRCP (d), transverse T2-weighted single-shot echo-train spin-echo 



and 99%, respectively, showing that its diagnostic 
accuracy is comparable to that of ERCP [931. Factors that 
can lead to difficulties in interpreting the MR images 
and to false-positive and false-negative diagnoses are 1) 
the presence of liver cirrhosis and 2) PSC limited to the 
peripheral intrahepatic ducts. Cirrhosis may lead to dis- 
tortion of the biliary tree that may mimic PSC even on 
ERCP images. If PSC is limited to the peripheral ductal 
system, the higher image resolution of ERCP makes 
this a more sensitive test compared to current MRCP 



sequences. However, a limitation of ERCP is that the 
presence of severe strictures may lead to inadequate 
opacification of proximal bile ducts and to false- 
negative diagnoses [931. MRCP provides visualization of 
bile ducts proximal to even severe stenoses and dem- 
onstrates bile duct stones in these locations, where they 
often escape detection with ERCP. In fact, visualization 
of bile ducts is considered easier with MRCP in the 
presence of severe ductal obstruction, because of the 
expanded fluid-filled state of the obstructed ducts. In 
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Fig. 3.33 (Continued) (e), and transverse postgadolinium hepatic venous phase fat-suppressed 3D-GE (/") images at 3.0 T dem- 
onstrate PSC in another patient. Dilated intrahepatic bile ducts in combination with strictures and beading are detected (arrows, 
c-f). Pruning is seen both in the intrahepatic and extrahepatic bile ducts (d). Central regeneration and peripheral atrophy are also 
detected. Note that there is minimal inflammatory patchy enhancement (open arrow, /) in the right lobe posterior segment on 
postgadolinium image (/") and the liver is enlarged. 



our experience, however, subtle changes of mild PSC 
can be difficult to detect with current MR techniques. 

The use of conventional MR sequences and intra- 
venous gadolinium provides information on the liver 
parenchyma and bile duct walls, which is valuable for 
a thorough evaluation [94, 95]. In a study of patients 
with PSC by Revelon et al. [96], peripheral, wedge- 
shaped zones of hyperintense signal on T2-weighted 
images were found in the liver in 72% of patients. These 
triangular areas ranged from 1 to 5 cm in diameter (fig. 
3.34). Periportal edema or inflammation, seen as high 
signal intensity along the porta hepatis on T2 -weighted 
images, was present in 40% of patients. A study by Ito 
et al. [97] evaluated the imaging features of PSC on 
dynamic gadolinium-enhanced MRI. Thickening of bile 
duct walls and wall enhancement were seen in 50% and 
67% of patients, respectively (see fig. 3-34). On pre- 
gadoliniumTl -weighted images, 23% of patients showed 
areas of increased signal intensity in the liver that did 
not represent focal fatty infiltration. On immediate post- 
gadolinium images, 56% of all patients showed areas of 
increased parenchymal enhancement that were patchy, 
peripheral, segmental, or a combination of these pat- 
terns. These regions remained mildly or markedly 
hyperintense on delayed-phase images in 90% of 
patients. Other findings occasionally associated with 
PSC are atrophy of liver segments, periportal lymphade- 
nopathy, and findings attributable to liver cirrhosis and 
portal hypertension, such as hypertrophy of the caudate 
lobe, regenerative nodules, and abdominal varices. In 
our experience, cirrhosis secondary to PSC often results 



in large central regenerative nodules that may cause 
periportal obstruction of bile ducts and, eventually, 
segmental atrophy of peripheral liver (see fig. 3-34) [94]. 
PSC is associated with an increased malignant 
potential, and the most important and common malig- 
nant entity that may occur in these patients is cholan- 
giocarcinoma. Cholangiocarcinoma is the second most 
common cause of death, after liver failure, in patients 
with PSC, occurring in up to 20% of patients [98]. The 
diagnosis of superimposed cholangiocarcinoma in 
patients with PSC is difficult because of the underlying 
morphologic bile duct changes. The MR appearance of 
cholangiocarcinoma is described below. 

Infectious Cholangitis 

Infectious, bacterial, or ascending cholangitis is a clini- 
cally defined syndrome caused by complete or partial 
biliary obstruction with associated ascending infection 
from the intestine. It encompasses a wide spectrum of 
clinical manifestations ranging from a mild form to a 
fulminating form that constitutes a life-threatening surgi- 
cal emergency. Predisposing conditions are the pres- 
ence of microorganisms in the bile and the presence of 
partial or complete biliary obstruction. The typical clini- 
cal symptoms that lead to the diagnosis of ascending 
cholangitis are jaundice, abdominal pain, and sepsis 
(chills and fever), referred to as Charcot's triad. This 
triad is present in approximately 70% of patients. 

The distribution of inflammatory changes may be 
diffuse or segmental. The most consistent imaging finding 
in infectious cholangitis is generalized or segmental 





Fig. 3.34 Primary sclerosing cholangitis (PSC) with cirrhosis. T2-weighted fat-suppressed single-shot echo-train spin-echo 
(a), Tl-weighted SGE (£>), and 2-min postgadolinium fat-suppressed SGE (c) images. The intrahepatic bile ducts are dilated and 
demonstrate beading. The liver is nodular and cirrhotic in this patient with late-stage PSC. Three large macroregenerative nodules 
(long arrows, a, b) located in the central portion of the liver appear to obstruct the bile ducts centrally. The nodules are slightly 
hypoenhancing on the 2-min postgadolinium image (c). A subsegmental distal area of atrophic liver parenchyma (short arrows, a, 
b) appears slightly hyperintense on the T2-weighted image (a) and hypointense on the Tl-weighted image (£>). T2-weighted fat- 
suppressed single-shot echo-train spin-echo (d), Tl-weighted SGE (e), and 2-min postgadolinium fat-suppressed SGE (/") images in 
a second patient. The liver shows multiple large macroregenerative nodules. The bile ducts in the right lobe of the liver are severely 
dilated and contain several calculi (arrows, d-f) that are high signal on the Tl-weighted image (e). A wedge-shaped peripheral 
area of liver parenchyma (short arrows, d-f} is atrophic, showing high signal on the T2-weighted image (d) and low signal on the 
Tl-weighted image (e) with late enhancement on the 2-min postgadolinium image (/"). Tl-weighted 2-min postgadolinium 






Fig. 3.34 (Continued) GE image with fat suppression (g) in a third patient demonstrating a beaded appearance of the intrahe- 
patic bile ducts (arrows, g). The branches of the portal vein are enhanced, facilitating differentiation from low-signal dilated intra- 
hepatic bile ducts. The walls of the bile ducts show increased enhancement. The liver demonstrates nodular enlargement of the 
left lobe and the caudal lobe. 

T2-weighted single-shot echo-train spin-echo (h), Tl -weighted fat-suppressed 3D-GE (/), and Tl -weighted postgadolinium fat- 
suppressed hepatic arterial dominant phase (/') and interstitial phase (k) 3D-GE images at 3.0 T demonstrate PSC with cirrhosis in 
another patient. Central regeneration (white arrows, h-U) and peripheral atrophy (black arrows, h-U) are shown. Dilated bile ducts 
and periportal edema are also detected in combination with liver contour irregularity and hepatomegaly. T2-weighted fat-suppressed 
single-shot echo train spin echo (/), Tl-weighted fat-suppressed 3D-GE (m), and Tl-weighted postgadolinium fat-suppressed hepatic 
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Fig. 3.34 (Continued) arterial dominant phase (n) and inter- 
stitial phase (o) 3D-GE images demonstrate PSC with severe cir- 
rhosis and portal hypertension findings in another patient. Central 
regeneration (white arrows; 1-6) and peripheral atrophy (black 
arrows; 1-6) cause bizarre-shaped cirrhosis in patients with 
advanced PSC. Note that there are dilated bile ducts, periportal 
edema, and liver contour irregularity. 




biliary dilatation that can be mild or severe but does not 
correlate well with the severity or stage of the disease 
[991. Bile duct walls are commonly mild to moderately 
thickened and show increased enhancement, which can 
be best appreciated on Tl -weighted fat-suppressed 
2-min postgadolinium images (fig. 3-35). Imaging find- 
ings on T2-weighted images are streaky increased signal 
in the periportal area and wedge-shaped hyperintense 
regions in the liver parenchyma (see fig. 3-35) [100]. On 
pregadolinium Tl-weighted images, these wedge-shaped 
regions in the liver are usually hypointense but may also 
show increased signal intensity. On immediate postgado- 
linium images, increased focal parenchymal enhance- 
ment can frequently be observed, consistent with 
inflammation (see fig. 3-35) [100]. The greater inflamma- 
tory nature of infectious cholangitis compared to PSC is 
reflected by the more common occurrence of regions of 
increased enhancement on immediate postgadolinium 
images in the former condition. Liver abscesses may 
complicate infectious cholangitis and are best visualized 



on T2 -weighted and Tl-weighted dynamic postgadolin- 
ium images. Thrombosis of the portal vein is not uncom- 
monly associated with infectious cholangitis (fig. 3-36) 
and aids in the distinction from sclerosing cholangitis, in 
which this occurrence is uncommon. 

A particular form of infectious cholangitis is recurrent 
pyogenic cholangitis (oriental cholangitis), which is 
caused by infestation of the biliary tract by Clonorchis 
sinensis or other parasites. This leads to inflammatory 
infiltration of bile ducts, proliferative fibrosis, periductal 
abscesses, and calculi (pigment stones). MR imaging 
findings are disproportionally severe dilatation of the 
extrahepatic bile ducts proximal and distal to calculi, 
stricture of bile ducts, thickening of duct walls, and 
hepatic abscesses [101] (fig. 3-37). Liver segments that 
contain biliary duct stones frequently undergo atrophy. 
Absence of a tumor mass helps to differentiate this condi- 
tion from cholangiocarcinoma. However, cautious inter- 
pretation of findings is essential as these patients have 
an increased incidence of cholangiocarcinoma [101]. 






Fig. 3.35 Infectious cholangitis. T2-weighted fat-suppressed single-shot echo-train spin-echo (a) and Tl-weighted 2-min 
postgadolinium fat-suppressed GE (b) images. The entire intrahepatic biliary tree is severely dilated, visualized as high signal on the 
T2-weighted image (a). On the Tl-weighted image (£>), the low-signal ducts are well differentiated from gadolinium-enhanced 
vessels. The walls of the bile ducts show increased enhancement that is most pronounced in segment 4 of the liver (arrow, b). 

T2-weighted single-shot echo-train spin-echo (c), Tl-weighted GE (d), immediate postgadolinium GE (e), and 2-min postgado- 
linium fat-suppressed GE (/") images in a second patient. A peripheral wedge-shaped area of liver parenchyma between segments 
4 and 8 shows moderate biliary ductal dilatation. The liver parenchyma in this area demonstrates increased signal on both the T2 
(c> and Tl (d)-weighted images, consistent with inspissated bile. Increased enhancement of this area (arrow, e) is demonstrated 
on the postgadolinium images (e,/), reflecting local inflammation and hyperemia in the liver parenchyma. The bile duct walls show 
increased enhancement, best visualized on the 2-min postgadolinium image (/"). 
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Fig. 3.35 (Continued) T2-weighted fat-suppressed spin-echo 
(g) and Tl -weighted immediate (b) and 90-s (i) postgadolinium 
GE images in a third patient with liver cirrhosis and infectious 
cholangitis. A peripheral wedge-shaped area of liver parenchyma 
in the right lobe is hyperintense on the T2-weighted image (g) and 
demonstrates increased enhancement on the postgadolinium 
images (b, i), reflecting acute inflammation. The bile ducts 
(arrows, g-i) in this area are dilated and show increased mural 
enhancement, best demonstrated on the 90-s postgadolinium 
image (/). The spleen is enlarged, showing multiple small low- 
signal foci (Gamna-Gandy bodies) (g-i). Esophageal varices 
(curved arrows, b, i) are shown on the postgadolinium images 

Ob, O. 

Coronal T2-weighted thick-section fast spin-echo MRCP 
(/'), coronal T2-weighted thin-section fast spin-echo MRCP (k), 
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Fig. 3.35 (Continued) transverse Tl-weighted postgadolinium fat-suppressed true late hepatic arterial phase (/), and hepatic 
venous phase (ni) 3D-GE images demonstrate ascending cholangitis and choledocholithiasis in another patient. The common bile 
duct and intrahepatic bile ducts are dilated because of the stone (arrows, j, k) in the common bile duct. A dilated duct (arrows, /, 
m), which shows increased wall enhancement on postgadolinium images, is shown (/, ni). These findings are suggestive of ascend- 
ing cholangitis. 



AIDS Cholangiopathy 

In HIV-positive patients, involvement of the pancreatico- 
biliary tract may be an early feature of AIDS (acquired 
immunodeficiency syndrome) [102]. Inflammation and 
edema of the biliary mucosa resulting in mucosal thick- 
ening and irregularity is the hallmark of AIDS cholangi- 
opathy. This may lead to strictures, dilatations, and 
pruning resembling sclerosing cholangitis [2, 102]. When 
the papilla of Vater is involved, ampullary stenosis 
with common bile duct dilatation may result. The gall- 
bladder may also be involved and show acalculous 
cholecystitis with imaging features similar to acute cho- 
lecystitis. Furthermore, patients have a predisposition for 
superimposed infectious cholangitis, often by unusual 
pathogens (e.g., cytomegalovirus, Cryptosporidium, 
mycobacteria, Candida albicans) [102]. 

Cystic Diseases of Bile Ducts 

Congenital biliary cysts comprise choledochal cysts, 
diverticula originating from extrahepatic ducts, choled- 
ochocele, Caroli disease, and segmental cysts, depend- 
ing on the location of the dilatation of the biliary tract. 
MRCP with 3D MIP reconstructions can display the 
anatomic extent and degree of these lesions, diagnose 
associated findings such as stone disease, and, in 
combination with gadolinium-enhanced Tl-weighted 
images, evaluate for malignancy [103]. A classification 
system that groups all types of biliary cystic diseases 
together has been introduced by Todani et al. [104]: 
Type I, choledochal cyst; Type II, diverticulum of extra- 
hepatic ducts; Type III, choledochocele; Type IV, mul- 
tiple segmental cysts; and Type V, Caroli disease. It is, 
however, unclear whether they represent variations of 



the same disease or are separate entities with distinct 
etiologies. For clinical purposes, however, description 
of morphology and location is usually adequate. 

Choledochal Cyst. The most common cystic dila- 
tations are choledochal cysts (77-87%), which present 
before the age of 10 in approximately 50% of cases. 
Choledochal cysts are segmental aneurismal dilatations 
of the CBD alone or the CBD and CHD (fig. 3-38). The 
etiology is an anomalous junction of the CBD and the 
pancreatic duct, proximal to the major papilla, where 
there is no ductal sphincter. This allows a free reflux 
of pancreatic enzymes into the biliary system, weaken- 
ing the walls of the bile ducts. Choledochal cysts are 
associated with an increased incidence of other biliary 
anomalies, gallstone disease, pancreatitis, and cholan- 
giocarcinoma. Choledochal cysts may also be coexistent 
with intrahepatic bile duct cysts (multiple segmental 
cysts) (fig. 3-39). Cystic expansion of the common bile 
duct may also be short in length (see fig. 3-39); the 
etiology of these is at present uncertain. 

Choledochocele. Choledochoceles are cystic dila- 
tations of the distal CBD that herniate into the lumen 
of the duodenum and create a "cobra head" appearance 
on cholangiographic images (fig. 3-40). 

Caroli Disease. Caroli disease is an uncommon 
form of congenital dilatations of intrahepatic bile ducts 
with normal extrahepatic ducts. Demonstration that 
these multiple cystic spaces communicate with the 
biliary tree is mandatory for the differentiation from 
cystic disease of the liver and abscesses. This can be 
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Fig. 3.36 Infectious cholangitis with portal vein thrombosis. T2-weighted fat-suppressed spin-echo (a),Tl -weighted GE 
(&), immediate postgadolinium GE (c), and 1-min postgadolinium GE (d, e) images. The right lobe of the liver is hyperintense on 
both the T2 (a)- and Tl (&)-weighted images, consistent with edema and inspissated bile. On the T2-weighted image (a), small 
hyperintense areas (arrows, a) likely represent foci of infection. The liver parenchyma shows increased enhancement of the right 
lobe on the postgadolinium GE images (c, d) due to thrombosis of the right portal vein (arrow, d) and consequent arterial hyper- 
perfusion. The thrombus (arrow, d) is best visualized as a near signal-void filling defect of the right portal vein on the 1-min postgado- 
linium image (d). Increased enhancement of bile duct walls is demonstrated on the 1-min postgadolinium GE images (arrows, e). 

Tl-weighted 2-min postgadolinium fat-suppressed GE image (/") in a second patient. The portal vein (large white arrow, /) is 
dilated and shows lack of central enhancement with increased enhancement of the vessel walls, consistent with thrombosis. Several 
liver abscesses (black arrows, /) are visualized as round hypointense lesions with enhancing rims. Several bile ducts (small white 
arrows, /) are moderately dilated. 





Fig. 3.37 Oriental cholangitis. Coronal T2-weighted single- 
shot echo-train spin-echo (a), thin-section MRCP in the coronal 
Qf) and axial (c) planes, axial fat-suppressed T2-weighted TSE (d), 
and immediate postgadolinium GE (e) images. Disproportionate 
dilatation of the CBD (arrows, a) with slight wall irregularity is 
noted on the coronal T2-weighted image (a). Multiple intrahepatic 
bile duct stones (arrows, b, c) are best visualized on the thin- 
section MRCP images (b, c). Intrahepatic bile ducts show wall 
irregularities and strictures (arrow, e). The adjacent hepatic paren- 
chyma (arrowheads, d, e) shows hyperintense signal on the T2- 
weighted image (d) and arterial hyperenhancement (e) indicative 
of inflammation. 




Fig. 3.38 Choledochal cyst. Coronal T2-weighted single- 
shot echo-train spin-echo image (a) showing a high-grade cylindri- 
cal dilatation of the CHD and CBD. The intrahepatic bile ducts are 
normal. 

T2-weighted coronal (b) and transverse (c) single-shot echo- 
train spin-echo images and coronal thin-section MRCP single-shot 
echo-train spin-echo image with fat suppression (d) in a child 
demonstrating a saccular choledochal cyst arising from the CHD. 
The MRCP image (d) shows the origin of the choledochal cyst 
(arrow, d). 

Coronal T2-weighted single-shot echo-train spin-echo (e), coro- 
nal thick-section fast spin-echo MRCP (/"), transverse Tl-weighted 





Fig. 3.38 (Continued) fat-suppressed 3D-GE (g), and transverse Tl-weighted postgadolinium hepatic venous phase fat- 
suppressed 3D-GE (h) images demonstrate the choledochal cyst (arrows, e-h) in another patient. Transverse T2-weighted single-shot 
echo-train spin-echo (i), coronal thin-section fast spin-echo MRCP (/'), coronal thick-section fast spin-echo MRCP (&), and transverse 
Tl-weighted fat-suppressed postgadolinium hepatic venous phase 3D-GE (/) images demonstrate an irregular cyst (arrows, j, k) 
arising from the common bile duct in another patient. The proximal bile ducts are dilated. The histopathology of the large cystic 
lesion was consistent with cystadenoma. 





Fig. 3.39 Multiple bile duct cysts. T2-weighted single-shot echo-train spin-echo (a), Tl-weighted 2-min postgadolinium fat- 
suppressed GE (b, c) images, and coronal T2-weighted thin-section MRCP single-shot echo-train spin-echo image with fat suppression 
(d). Multiple intrahepatic bile duct cysts are demonstrated showing high signal on the T2 (a)- and low signal on the Tl (£>)-weighted 
images. A large choledochal cyst (straight arrow, c, d) is revealed abutting the gallbladder (curved arrow, c).The MRCP image (d) 
nicely demonstrates the intra- and extrahepatic extent of biliary cystic disease. 

Coronal Tl-weighted GE (e) and MRCP MIP reconstruction (/") images in a second patient. A cystic dilatation of the proximal 
CBD (long arrow, e) above the head of the pancreas (curved arrow, e) is appreciated on the GE image (e).The left hepatic duct 
(LD,/) shown with high signal on the MRCP MIP image (/") also demonstrates fusiform dilatations. Cystic dilatations are also visual- 
ized in the cystic duct at its insertion into the CHD (curved arrow,/) and of the preampullary CBD (straight arrow,/). The mid-CBD 
(small arrows, /) is of normal caliber. 
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Fig. 3.40 Choledochocele. Coronal thin-section MRCP sin- 
gle-shot echo-train spin-echo image with fat suppression (a). The 
ampullary section of the CBD shows a small cystic dilatation 
(arrow, a) that protrudes into the lumen of the duodenum. The 
rest of the CBD is also dilated. 

T2-weighted single-shot echo-train spin-echo images in the 
coronal plane with fat suppression (b) and the transverse plane 
without fat suppression (c) in a second patient. The CBD shows 
a cystic expansion (white arrows, b, c) of its ampullary section. 
The transverse image (c) demonstrates that the choledochocele 
(white arrows, c) bulges into the duodenum (black arrow, c), 
which contains high-signal intensity intraluminal fluid. 




best demonstrated with thin-section T2- or Tl -weighted 
images, on which Caroli disease presents with rounded 
cystic dilatations of equivalent signal intensity compared 
to bile (bright on T2- and low on Tl -weighted images) 
communicating with bile ducts (fig. 3-41) [105]. 

Mass Lesions 

Benign tumors that involve the biliary tract are relatively 
uncommon. Tumors can be solitary or multiple. Benign 
mass lesions can result in ductal obstruction and hepatic 
atrophy, resembling an imaging appearance compara- 
ble to malignant disease, as illustrated by a rare benign 
tumor, giant cell tumor of the bile duct (fig. 3-42). 

Papillary Adenoma. Papillary adenomas of the 
biliary tract are rare benign epithelial tumors that have 
an increased risk for malignant transformation. Multiple 
small papillomas scattered throughout the biliary tree 
are characteristic of biliary papillomatosis. This condi- 
tion is associated with an irregular pattern of intrahe- 
patic bile duct dilatation due to obstruction by the 
papillomas. These small tumors are best visualized 
on 2-min postgadolinium fat-suppressed Tl -weighted 



gradient-echo images as tiny enhancing mass lesions 
(fig. 3.43). 

Ampullary Adenoma. Neoplasms that arise at the 
ampulla may have a benign histology. The most common 
benign ampullary tumor is an ampullary adenoma. The 
MRI appearance of this rare entity shows a well-defined 
mass, often polypoid, that shows no evidence of 
local invasion. Masses are generally small and enhance 
homogeneously (fig. 3.44). 

Postsurgical Biliary Complications 

Benign biliary strictures are a sequel of surgical injury 
(e.g., laparoscopic cholecystectomy, gastric and hepatic 
resection, biliary-enteric anastomosis, biliary reconstruc- 
tion after liver transplantation) in 90-95% of cases [106, 
107]. The remainder are secondary to penetrating or blunt 
trauma, inflammation associated with gallstone disease, 
chronic pancreatitis, ampullary fibrosis, toxic or ischemic 
lesions of the hepatic artery, or primary infection. The 
advent of minimally invasive therapeutic procedures, per- 
formed by interventional radiology or endoscopy, has 
greatly increased the need for preoperative diagnosis and 






Fig. 3.41 Caroli disease. Paracoronal thick-section MRCP (a), paracoronal thin-section MRCP (b), axial fat-suppressed T2- 
weighted single-shot echo-train spin-echo (c), and axial 2-min postgadolinium GE (d) images. Cystic intrahepatic biliary dilatations 
(arrowheads, a-d) are present in the right and left lobes of the liver. Differentiation from liver cysts is made by demonstration 
of continuity with mildly dilated bile ducts (arrows, b, d). Differentiation of bile ducts from portal vein branches is facilitated on 
the postgadolinium image (d), where the latter demonstrate enhancement. MIP reconstruction MRCP (e), axial T2-weighted single- 
shot echo-train spin-echo (/"), and axial 2-min postgadolinium GE (g) images of another patient with Caroli disease (Courtesy of 
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Fig. 3.41 (Continued) Shahid Hussain, M.D.). The common 
bile duct (arrow, e) is normal, but the intrahepatic biliary tree 
shows multiple cystic dilatations (arrows, /, g). Continuation of 
the cystic structures with bile ducts (arrowhead, g) is well visual- 
ized on the postgadolinium image (g). 

Coronal thick-section fast spin-echo MRCP (If), transverse 
single-shot echo-train spin-echo (i, j), and transverse fat-sup- 
pressed postgadolinium hepatic venous phase 3D-GE (k) images 
demonstrate multiple cystic dilatations of intrahepatic bile ducts 
in another patient (Courtesy of Frank Miller, M.D.). There is no 
involvement in the extrahepatic ducts. No enhancement is 
detected in the cystic dilatations. Note that there is no spleen. 
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Fig. 3.42 Giant cell tumor of the bile duct. Coronal thin-section MRCP single-shot echo-train spin-echo image with fat sup- 
pression (a), transverse Tl-weighted fat-suppressed GE (£>), immediate postgadolinium GE (c), and 2-min postgadolinium fat- 
suppressed GE id) images. An obstruction at the confluence of the right and left main hepatic ducts is visualized on the MRCP 
image (a) with dilatation of the right and left intrahepatic biliary system. The tumor (arrows, b) appears moderately low signal 
intensity on the Tl-weighted image (£>). The tumor demonstrates increased enhancement (arrows, c) on the immediate postgado- 
linium image (c), with persistent enhancement on the 2-min postgadolinium image (d). The liver parenchyma distal to the tumor 
shows delayed increased enhancement (d). The tumor mimics the MRI appearance of Klatskin tumor but was diagnosed as giant 
cell tumor of the left hepatic duct at histopathology. 



imaging in order to plan the optimal therapeutic approach. 
The major advantage of MRCP is the ability to visualize 
the biliary tree above and below a high-grade stricture 
or complete obstruction. The bile ducts distal to a steno- 
sis, however, may be collapsed and nonvisualized on 
MlP-reconstruction images, leading to overestimation of 
the stricture. Thin-section source images must be used 
to evaluate the extent of high-grade stenoses, as even 
minimal amounts of fluid in collapsed ducts can be 
depicted on these images. 

Other biliary complications of cholecystectomy are 
retained bile duct stones, biliary leak, and biliary fistula 



(fig. 3.45). In a study of such complications by Coakley 
et al. [108], two readers correctly categorized post- 
surgical complications in 88% and 76%, respectively. 
However, high-grade biliary stricture and transsection 
of bile ducts both presented as abrupt termination of a 
dilated duct, and, consequently, MRCP failed to distin- 
guish between those entities but grouped them together 
as occlusion. 

In patients with biliary-enteric anastomoses, ERCP 
can often not be performed. MRCP, however, is very 
effective in visualizing the anatomy of the anastomosis, 
strictures of the anastomosis or of intrahepatic ducts, 
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Fig. 3.43 Biliary papillomatosis. T2-weighted single-shot echo-train spin-echo (a) and Tl-weighted 2-min postgadolinium 
fat-suppressed GE (£>) images. Several small, biliary intraductal, papillary tumors (arrows, a, b) are revealed showing enhancement 
on the postgadolinium image (£>). The entire biliary tree is moderately dilated because of obstruction by papillomas in the CHD and 
CBD. 



and biliary tract stones proximal to the anastomosis, in 
up to 100% of patients (see figs. 3-9, 3.43) [2, 1091. Close 
scrutiny of the thin-section source images is mandatory 
because the biliary-enteric anastomosis and stones can 
be obscured on thick-section and MlP-reconstruction 
images by the high signal intensity of surrounding bile 
and bowel fluid (fig. 3.46). Metallic surgical clips and 
pneumobilia can also produce artifacts that should not 
be mistaken as stones or strictures. Ischemic changes 
of the biliary system and obstruction secondary to a 
stricture following liver transplantation operations can 
also be well evaluated with MRI (fig. 3.46). 

Malignant Disease 

Cholangiocarcinoma 

Cholangiocarcinomas are well-differentiated sclerosing 
adenocarcinomas in two-thirds of cases; the remainder 
are anaplastic, squamous cell, or cystadenocarcinomas. 
The most common predisposing diseases in Western 
countries are ulcerative colitis and sclerosing cholangi- 
tis. In Far Eastern countries, recurrent pyogenic cholan- 
gitis (caused by Clonorchis sinensis infestation) is the 
most common cause. Other predisposing factors are 
Caroli disease, choledochal cysts, a- 1 -antitrypsin defi- 
ciency, and autosomal dominant polycystic kidney 
disease. Cholangiocarcinoma is typically a malignancy 
of older patients (>50yr). Patients usually present with 
jaundice and weight loss. Three types of cholangiocar- 
cinomas can be differentiated based on anatomic distri- 
bution: the peripheral (or intrahepatic) type arising from 
peripheral bile ducts in the liver, the hilar type (Klatskin 



tumor) with its origin at the confluence of the right and 
left hepatic ducts, and the extrahepatic type arising from 
the main hepatic ducts, CHD or CBD [110, 111]. 

The peripheral type constitutes approximately 10% 
of all cholangiocarcinomas and is the second most 
common primary liver tumor after hepatocellular carci- 
noma (HCC). Peripheral cholangiocarcinomas usually 
present as masslike lesions that do not obstruct the 
central bile ducts [112]. Therefore, they can obtain a 
large size and show intrahepatic metastases before they 
cause clinical symptoms. Their typical MR imaging 
appearance is a mass lesion that is mildly heteroge- 
neous with moderately low signal intensity on Tl- 
weighted images and mildly to moderately hyperintense 
signal on T2-weighted images (fig. 3.47) [95]. On imme- 
diate postgadolinium images, they usually show mild to 
moderate enhancement that is usually diffuse heteroge- 
neous in pattern. Progressive enhancement may be 
observed on late fat-suppressed images, reflecting a 
high content of fibrous tissue (see fig. 3.47). This feature, 
if present, may suggest this type of tumor and differenti- 
ate it from HCC, which typically shows intense, diffuse 
heterogeneous enhancement on immediate postgado- 
linium images and washout on delayed images [113]. 
Additional features that help differentiate cholangiocar- 
cinomas from HCC are lack of vascular invasion and 
rare occurrence of cholangiocarcinoma in cirrhotic 
livers [113]. Peripheral cholangiocarcinoma is also 
described in Chapter 2, Liver. 

Klatskin tumors are usually small-volume superficial 
spreading tumors that result in early biliary obstruction 
and dilatation of proximal ducts (fig. 3-48). These tumors 
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Fig. 3.44 Ampullary adenoma. Coronal T2-weighted echo-train spin-echo (ci), axial STIR (£>), axial immediate postgadolinium 
GE (c), and 2-min postgadolinium fat-suppressed GE (d) images. A prominent, masslike major papilla (arrows, a-d) is observed 
protruding into the duodenal lumen. Signal intensity and contrast enhancement are equivalent to a normal papilla. No sign of 
malignancy is observed. 



may uncommonly present as masslike lesions similar 
to peripheral tumors. Most often, they show circumfer- 
ential growth and spread along bile ducts with poor 
conspicuity on noncontrast MR images (fig. 3.49). Biliary 
dilatation can involve one or both lobes of the liver, 
depending on the location of the tumor. Lobar atrophy 
of the liver combined with marked biliary dilatation 
should raise suspicion of cholangiocarcinoma (fig. 3-50), 
but this feature is not pathognomonic [114]. 

Extrahepatic cholangiocarcinomas usually grow in 
a circumferential pattern similar to Klatskin tumors. 



They arise in the CBD and result in biliary obstruction 
in the vast majority of patients. The imaging features of 
Klatskin tumors and extrahepatic cholangiocarcinomas 
at MRCP are dilatation of the proximal biliary tree with 
stricture or abrupt termination at the tumor, typically 
showing a shoulder sign (fig. 3-51) [115]. Irregularity of 
the ductal wall is indicative of infiltration and raises a 
high suspicion of malignancy. Occasionally, tumors can 
show intraluminal papillary growth presenting as a 
filling defect on MRCP images. ERCP may on occasion 
poorly evaluate tumors because of incomplete biliary 
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Fig. 3.45 Biloma. T2-weighted fat-suppressed single-shot echo-train spin-echo (a) and Tl -weighted 2-min postgadolinium fat- 
suppressed GE (b) images in a 44-yr-old woman with a history of open cholecystectomy and persistent right upper quadrant pain. 
A fluid collection (arrows, a, b) is depicted in the gallbladder bed, resembling a gallbladder. The fluid collection (biloma) has an 
enhancing wall (arrows, b) caused by an inflammatory reaction of the surrounding peritoneum. The common bile duct (arrowhead, 
a) shows inhomogeneous internal signal caused by a T-tube drain. 

Coronal T2-weighted reconstructed 3D MIP MRCP image (c), transverse Tl-weighted postgadolinium interstitial phase 3D-GE (d), 
and Tl-weighted postgadolinium 1-h delayed fat-suppressed coronal and transverse 3D-GE (e,/) images acquired with gadobenate 



opacification. An advantage of MRCP in combination 
with conventional MRI is that it can also visualize the 
biliary tree proximal to an occlusion, which often is not 
possible or advisable with ERCP, as well as detecting 
distant disease such as liver metastases or lymph node 
involvement. 

On Tl-weighted MR images with or without fat sup- 
pression, cholangiocarcinomas appear mildly to moder- 
ately hypointense but may also be isointense relative to 
liver parenchyma. On T2- weighted images, they are 



isointense or mildly hyperintense (see Figs. 3.47-3.49) 
[113]. Thickening of bile duct walls greater than 5 mm is 
highly suggestive of cholangiocarcinoma [95]. However, 
this measurement is not sensitive, as at least 50% of 
tumors show thinner wall diameters [113]. The finding 
of relatively minor increase of wall thickness (3-4 mm) 
in association with high-grade biliary obstruction is 
highly suggestive of cholangiocarcinoma in patients 
without a history of recent gallbladder surgery. On 
immediate postgadolinium images, cholangiocarcinomas 
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Fig. 3.45 (Continued) dimeglumine (Multihance) demonstrate the bile leak (arrows, e,f) following the cholecystectomy opera- 
tion in another patient. Free fluid (arrows, c) is detected along the inferior surface of the liver and gallbladder fossa. Because gadoben- 
ate dimeglumine is taken up by hepatocytes and excreted into the biliary ducts, intrabdominal bile leaks resulting from disruptions 
of the biliary system can be detected as high-signal intensity fluid (arrows, e, /) on delayed images. Note that high-signal-intensity 
intrabdominal bile cannot be detected on early postgadolinium image (d). 



are usually hypovascular, showing minimal or moderate 
enhancement that intensifies on delayed images (see 
figs. 3.47-3.49) [1131. A combination of early and late 
fat-suppressed gadolinium-enhanced images is very 
helpful to identify these tumors. Fat suppression also 
reduces the signal of fatty tissue in the porta hepatis, 
which improves the conspicuity of cholangiocarcinomas 
and facilitates the evaluation of the extent of tumor and 
infiltration into adjacent tissues and organs. 

Findings that indicate that a tumor is unresectable 
are vascular encasement and direct invasion of liver 
parenchyma. Large tumor size generally also confers 
inoperability (see fig. 3-50). Most cholangiocarcinomas 
are unresectable at the time of initial diagnosis and can 
be treated only with palliative biliary drainage. Biliary 
stent placement results in mild inflammation of bile duct 
walls, which appears as increased gadolinium enhance- 
ment with an appearance indistinguishable from 
superficial spread of cholangiocarcinoma (fig. 3-52). If 
feasible, it is preferable to image patients suspected of 
biliary tumor before stent placement to avoid the 
problem of incorrectly staging the tumor because of 
inflammatory changes secondary to the presence of the 
stent. Lymphadenopathy with portocaval and porta 
hepatis nodes is an associated finding in up to 73% of 
patients with cholangiocarcinoma (see fig. 3-50). This is 
best demonstrated with a combination of T2-weighted 
fat-suppressed and Tl-weighted 2-min postgadolinium 
fat-suppressed images [1131 On these late postgado- 
linium images, fine tumor strands are frequently 
observed, and 5-mm or smaller lymph nodes are con- 



sistent with tumor extension if three or more of them 
are clustered in the region of the tumor. In advanced 
cholangiocarcinoma, intraperitoneal tumor spread may 
occasionally be found and is also best seen on late 
postgadolinium fat-suppressed images (fig. 3-53). 

Periampullary and Ampullary Carcinoma 

Carcinomas arising from the ampulla of Vater, periam- 
pullary duodenum, or distal CBD are grouped together 
and termed periampullary carcinomas. Their presenta- 
tion is similar to that of pancreatic head ductal adeno- 
carcinoma, including obstruction of both the CBD and 
pancreatic duct. The prognosis of periampullary carci- 
noma is significantly better than that of pancreatic car- 
cinoma, with a 5-year survival rate up to 85% [116]. 
Periampullary carcinomas can cause ampullary obstruc- 
tion and become clinically symptomatic even when they 
are only a few millimeters in size. Therefore, signs and 
symptoms of dilatation of the biliary tree and the pan- 
creatic duct are observed relatively early in the course 
of these tumors, which likely accounts in part for their 
better prognosis. MRCP is very effective for the visual- 
ization of biliary and pancreatic ductal dilatation and 
the determination of the level of obstruction [117]. On 
Tl-weighted fat-suppressed images, periampullary car- 
cinomas typically appear as low-signal-intensity masses 
(fig. 3-54). Obstruction of the pancreatic duct eventually 
results in chronic pancreatitis. Chronic pancreatitis 
results in a reduced signal intensity of the pancreas on 
precontrast Tl-weighted images, which diminishes 
the conspicuity of periampullary carcinomas on this 




Fig. 3.46 MRCP after liver transplantation. Coronal thin-section MRCP single-shot echo-train spin-echo images with fat sup- 
pression (a, b). Slight narrowing of the anastomosis (long arrows, a, b) between the graft CBD and the host CBD is observed. A 
low-signal stone (short arrows, a, b) is visualized in the dilated graft CBD immediately proximal to the anastomosis. Coronal T2- 
weighted echo-train spin-echo image in another patient after liver transplantation (c). A circumscribed stricture (arrow, c) is observed 
at the anastomosis of the donor and recipient CBD. The proximal bile ducts are slightly dilated. 

Transverse T2-weighted fat-suppressed single-shot echo-train spin-echo (d), coronal T2-weighted thin-section echo-train spin- 
echo (e), coronal thick-section fast spin-echo MRCP (/"), and coronal reconstructed 3D MIP MRCP (g) images demonstrate ischemic 
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Fig. 3.46 (Continued) injury to the bile ducts in another 
patient who had prior liver transplantation. Central intrahepatic 
bile ducts are dilated. Ischemic injury causes stricture in the 
common bile duct (white arrows, e,f, g) and pruning in peripheral 
intrahepatic bile ducts (f, g). Note that there is a side branch IPMN 
(black arrows, e, f, g) and minimal free fluid in the abdomen. 

T2-weighted fat-suppressed single-shot echo-train spin-echo 
(h), Tl-weighted SGE (/), and Tl-weighted postgadolinium late 
hepatic arterial phase SGE (/') and interstitial phase fat-suppressed 
3D-GE (&) images demonstrate debris-filled dilated bile ducts in a 
patient who had liver transplantation. Debris-filled ducts (arrows, 
h-k) may have low or intermediate signal on T2-weighted images 
and this appearance of debris-filled dilated bile ducts and peripor- 
tal edema mimics infiltrative lesions extending along the portal 
tracts such as posttransplant lymphoproliferative disorder. Debris 
filled bile ducts show mild enhancement, which suggests the pres- 
ence of inflammation as well. Note the portal hypertension find- 
ings and ascites. 




sequence. On immediate postgadolinium Tl-weighted 
images, pancreatic parenchyma enhances greater than 
tumor, even in the presence of chronic pancreatitis. 
Periampullary carcinomas enhance minimally on early 
postgadolinium images because of their hypovascular 



character (figs. 3-54, 3.55) [118]. On 2-min postgado- 
linium fat-suppressed images, delayed enhancement is 
a typical finding [117]. A thin rim of enhancement is 
commonly observed along the periphery of these 
tumors and may also be a relatively specific finding (see 
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Fig. 3.47 Peripheral cholangiocarcinoma. T2-weighted single-shot echo-train spin-echo (a),Tl-weighted GE (£>), immediate 
postgadolinium GE (c), and 2-min postgadolinium fat-suppressed GE (d) images. A large tumor with intrahepatic metastases is 
observed in the right lobe of the liver. The signal is moderately hyperintense on the T2-weighted image (a) and hypointense on 
the Tl -weighted image (£>). On the immediate postgadolinium image (c), the tumors are hypoenhancing and demonstrate mild 
perilesional enhancement. Progressive heterogeneous enhancement of the tumors is observed on the 2-min postgadolinium image 

GO. 

Coronal T2-weighted single-shot echo-train spin-echo (e), transverse Tl-weighted SGE (/"), transverse Tl-weighted postgadolinium 
hepatic arterial dominant phase (g), and hepatic venous phase (If) fat-suppressed 3D-GE images at 3.0 T demonstrate a peripheral 





Fig. 3.47 (Continued) cholangiocarcinoma (solid arrows, e-h) in another patient with prior splenectomy and splenosis (open 
arrows, e, f, g). The tumor shows heterogeneous progressive enhancement on postgadolinium images and obstructs the peripheral 
biliary ducts. 






Fig. 3.48 Klatskin tumor. Coronal MRCP MIP reconstruction (a), transverse Tl-weighted 2-min postgadolinium fat-suppressed 
GE (b), and ERCP (c) images. Obstruction of the right and left main hepatic ducts (arrows, a) at the level of the porta hepatis with 
dilatation of peripheral ducts is visualized on the MRCP image (a). A small enhancing tumor (small arrows, b), measuring 4 mm in 
diameter, extends from the CHD into the right main hepatic duct, as shown on the postgadolinium image (£>). ERCP (c) also shows 
the obstruction (arrows, c) at the level of the porta hepatis and the extension of the tumor into the right main hepatic duct (small 
arrows, c). Note the poor visualization of the left biliary ductal system on the ERCP image (c) because of underfilling. 

Coronal T2-weighted single-shot echo-train spin-echo (d), transverse Tl-weighted fat-suppressed GE (e), and 2-min postgadolinium 
fat-suppressed GE (/") images in a second patient. Dilatation of the right and left intrahepatic biliary tree is observed on the 




Fig. 3.48 (Continued) T2-weighted image (d ).The tumor shows poor conspicuity on the precontrast GE image (e). On the 2-min 
postgadolinium image (/"), the small Klatskin tumor (arrow,/) in the porta hepatis demonstrates enhancement and can be well differ- 
entiated from surrounding structures. 





Fig. 3.49 Klatskin tumor, circumferential growth. Coronal T2-weighted thin-section MRCP single-shot echo-train spin-echo 
image with fat suppression (a) and transverse Tl -weighted GE (£>), immediate postgadolinium GE (c), and 2-min postgadolinium 
fat-suppressed GE (d) images. A short obstruction at the confluence of the right and left main hepatic ducts (arrow, a) is revealed 
on the MRCP image (a). It is difficult to delineate the tumor (arrow, b) from surrounding structures on the Tl -weighted precontrast 
image (£>). After gadolinium administration, the tumor shows moderately intense enhancement (arrows, c, d) on the immediate (c) 
and late id) postgadolinium images. Note the circumferential growth and small volume of the Klatskin tumor, best visualized on 
the postgadolinium images (c, d). 
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Fig. 3.49 (Continued) Coronal T2-weighted thin-section MRCP single-shot echo-train spin-echo image with fat suppression (e) 
and transverse Tl-weighted 2-min postgadolinium fat-suppressed GE image (/") in a second patient. The Klatskin tumor obstructs 
the intrahepatic biliary system at the porta hepatis, demonstrated on the MRCP image (e). The tumor shows circumferential growth 
in the CHD (arrow, /) and increased enhancement on the late postgadolinium image (/"). 
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Fig. 3.50 Klatskin tumor, lobar atrophy. T2-weighted 
single-shot echo-train spin-echo (a), Tl-weighted GE (£>), and 2-min 
postgadolinium fat-suppressed GE (c) images. Severe biliary ductal 
dilatation in the left lobe of the liver is demonstrated on the T2- 
weighted image (a). The liver parenchyma of segment 4 is atro- 
phic and shows hyperintense signal on the T2-weighted image (a) 
and isointense signal on the Tl-weighted image (b). Intense 
enhancement is demonstrated on the late postgadolinium image 
(c), consistent with fibrous changes due to atrophy. Lymph nodes 
(arrows, a, c) are visualized with high signal on the T2-weighted 
(a) and the fat-suppressed postgadolinium (c) images. 
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Fig. 3.51 Extrahepatic cholangiocarcinoma. Coronal T2-weighted thin-section MRCP single-shot echo-train spin-echo image 
with fat suppression (a) and transverse Tl-weighted GE (b) and 2-minute postgadolinium fat-suppressed GE (c) images. Obstruction 
of the proximal CBD (arrow, a) is present, showing an abrupt cut-off ("shoulder sign") on the MRCP image (a). The intrahepatic 
biliary tree is markedly dilated (a). The extrahepatic cholangiocarcinoma shows circumferential growth along the dilated proximal 
CBD (arrows, b, c). On the late postgadolinium image (c), the tumor shows intense enhancement (arrow, c) and can be differenti- 
ated from adjacent liver parenchyma. 

Coronal T2-weighted thin-section echo-train spin-echo (d), transverse Tl-weighted fat-suppressed 3D-GE (e), transverse Tl- 
weighted postgadolinium hepatic arterial dominant phase SGE (/"), and hepatic venous phase fat-suppressed 3D-GE (g) images 




Fig. 3.51 (Continued) demonstrate distal common bile 
duct cholangiocarcinoma (arrows, d-g) in another patient. 
There is a stent in the common bile duct. There is an abrupt 
angulation and shoulder sign (arrow, d) between the common 
bile duct and duodenum. The common bile duct wall shows 
thickening and prominent enhancement (arrows, e, f, g), 
which may result from the involvement of the tumor and 
inflammation secondary to the stent placement and infectious 
cholangitis. Intrahepatic bile ducts show prominent enhance- 
ment suggestive of ascending cholangitis (black arrows,/). 




Fig. 3.52 Klatskin tumor and biliary stent. Transverse 
2-min postgadolinium fat-suppressed GE image. A biliary stent 
(white arrow) is present in this patient with Klatskin tumor of 
the right hepatic duct. The bile duct walls around the stent 
show intense enhancement that makes differentiation between 
reactive inflammation caused by the stent placement and 
tumor spread along the bile duct impossible. Segment 8 of the 
liver (open arrow) shows biliary dilatation with increased 
enhancement of bile duct walls and increased parenchymal 
enhancement, which may reflect inflammatory changes. 




Fig. 3.53 Cholangiocarcinoma with peritoneal metasta- 
ses. T2-weighted single-shot echo-train spin-echo (a, b) and 2-min 
postgadolinium fat-suppressed GE (c) images. In the porta hepatis 
(a), a tumor (arrows, a) is shown that is isointense compared to 
liver. Ascites surrounding the liver is demonstrated with high 
signal on the T2-weighted (a, b) and low signal on the Tl-weighted 
(c) images. More caudally (b, c), nodular peritoneal implants 
(arrows, b, c) are visualized, demonstrating intense enhancement 
on the 2-min postgadolinium fat-suppressed image (c). 
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Fig. 3.54 Ampullary carcinoma. Coronal T2-weighted sin- 
gle-shot echo-train spin-echo (a), transverse Tl -weighted immedi- 
ate postgadolinium GE (£>), and 2-min postgadolinium fat-suppressed 
GE (c) images. The ampullary carcinoma (black arrow, a) obstructs 
the CBD (white arrow, a), as visualized on the T2-weighted image 
(a). On the immediate postgadolinium image (b), the tumor 
(arrows, b) is hypoenhancing compared to normal pancreas and is 
well delineated. It surrounds the CBD completely and the pancre- 
atic duct partially, which are both dilated and visualized as signal- 
void structures. Note the peripheral rim enhancement of the tumor 
(arrows, c) on the 2-min postgadolinium image (c) on a more infe- 
rior section where the tumor protrudes into the duodenum. 

Tl -weighted GE (d) and immediate postgadolinium GE (e) 
images in a second patient demonstrating a 2.5-cm ampullary car- 
cinoma of low signal intensity that shows good contrast against 
high-signal pancreas on the precontrast image (d). The tumor is 
hypoenhancing compared to pancreatic parenchyma (e), sur- 
rounds the distal CBD (straight arrow, e), and protrudes into the 
duodenum (curved arrow, e). 






Fig. 3.55 Ampullary carcinoma. Coronal MRCP MIP reconstruction (a), Tl -weighted fat-suppressed spin-echo (£>), immediate 
postgadolinium GE (c), and 2-min postgadolinium fat-suppressed spin-echo (d) images. On the MRCP image (a), an obstructing 
mass (arrows, a) is visualized at the level of the ampulla resulting in severe dilatation of the intra- and extrahepatic biliary system 
and moderate dilatation of the pancreatic duct. On the precontrast Tl-weighted image (£>), the tumor (T, b) cannot be differentiated 
from the pancreas (P, £>), which shows abnormal low signal intensity due to pancreatitis. On the immediate postgadolinium image 
(c), the tumor (arrows, c) is well visualized, demonstrating decreased enhancement compared to pancreas (P). Note a peripheral 
rim of enhancement (arrows, d) of the tumor on the 2-min postgadolinium image (d). CBD, common bile duct; GB, gallbladder; 
PD, pancreatic duct. 

Small ampullary cancer shown on a combination of sequences in a second patient. Source MRCP (e), MIP reconstruction 
3D-MRCP (/"), immediate (g), and 90-s (h) fat-suppressed postgadolinium 3D gradient-echo images. Obstruction at the level of 





Fig. 3.55 (Continued) the ampulla is identified on MRCP 
images. A small mass is well shown at the ampulla (arrow, g) that 
was not shown at CT or at initial ERCP and biopsy. Ampullary 
adenocarcinoma was present in the post-Whipple procedure path- 
ological specimen. 

Transverse (/) T2-weighted single-shot echo-train spin-echo, 
coronal reconstructed 3D MIP MRCP image (/') and transverse 
Tl -weighted postgadolinium hepatic arterial dominant phase fat- 
suppressed 3D-GE (k, /) images at 30 T demonstrate a small 
ampullary neuroendocrine carcinoma (arrow, k, /) in another 
patient. The enhancing tumor is under 1cm in size, and it is 
detected on postgadolinium image because of higher spatial reso- 
lution at 3.0 T. Note that the findings are normal on T2-weighted 
images and there is no biliary obstruction. 



530 



Chapter 3 GALLBLADDER AND BILIARY SYSTEM 




Fig. 3.56 Ampullary carcinoma superimposed on 
choledochocele. Coronal T2-weighted thin-section MRCP 
single-shot echo-train spin-echo image with fat suppression (a) 
and transverse immediate postgadolinium Tl -weighted GE (b) 
and 2-min postgadolinium fat-suppressed GE (c) images in a 
patient with a choledochocele. The choledochocele (arrows, 
a-c) is visualized protruding into the duodenal lumen, and 
biliary obstruction with dilated intra- and extrahepatic ducts is 
observed on the MRCP image (a). The walls of the choledocho- 
cele are minimally thickened and show moderately intense 
enhancement on the 2-min postgadolinium image (c). On surgi- 
cal resection, this was found to represent cholangiocarcinoma 
in the wall of the choledochocele. This patient had sudden 
development of jaundice and abdominal pain. Sudden develop- 
ment of these symptoms in the absence of stone disease should 
raise clinical suspicion of malignancy in patients with underly- 
ing cystic disease of the biliary tree. 




figs. 3-54 and 3.55) 16]. Combining MRCP techniques 
with Tl -weighted precontrast fat-suppressed and imme- 
diate and 2-min postgadolinium sequences is a very 
effective approach for the noninvasive evaluation of 
biliary obstructions [119]. Periampullary carcinomas may 
arise in the setting of choledochocele, fostered by long- 
standing chronic inflammation. A sudden change in 
clinical status or sudden development of jaundice may 
indicate the presence of cancer even if the tumor 
volume is small (fig. 3-56). 

Metastases to the Bile Ducts and Ampulla 

Metastases to the bile ducts or ampulla may occur in 
rare instances. Breast cancer, melanoma, and lymphoma 



are the most common malignancies involved. They 
result in biliary obstruction and resemble the appear- 
ance of primary tumors of the bile ducts and ampulla. 
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When health is absent, wisdom cannot reveal itself, art 
cannot manifest, strength cannot fight, wealth becomes 
useless, and intelligence cannot be applied. 

Herophilus, Greek anatomist, credited 

with the discovery of the pancreas, meaning 

"all flesh," in 336 B.C. 



NORMAL ANATOMY 

The pancreas is a soft, fleshy, lobulated gland retroperi- 
toneally located against the posterior body wall. The 
anatomic divisions of the pancreas include the head, 
uncinate process, neck, body, and tail. The broad head 
is embraced by the curve of the duodenum. An exten- 
sion of the head, the uncinate process hooks behind 
the superior mesenteric artery and vein. The border 
between the head and body is a slightly narrowed 
region, the neck. On the posterior aspect of the neck 
is a shallow groove marking the passage of the superior 
mesenteric vein and the beginning of the portal vein. 
The body is oriented in an oblique fashion extending 
to the right of midline, and the tail is located in the 
region of the splenic hilum. The anatomic relationship 



of the head of the pancreas includes the second portion 
of the duodenum laterally, the gastroduodenal artery 
anteriorly, the inferior vena cava posterolaterally, the 
third portion of the duodenum posteroinferiorly, and 
the superior mesenteric vessels medially. 

The splenic vein lies along the posterior surface of 
the body and tail of the pancreas. This constant relation- 
ship is an important landmark for the identification of 
the pancreatic body. The left adrenal gland is seated 
posterior to the splenic vein. The tail of the pancreas 
often drapes over the left kidney and terminates in the 
splenic hilum. The tail may be folded anteriorly over 
the body of the pancreas. The stomach lies anterior to 
the pancreas and is separated from it by parietal peri- 
toneum and the lesser sac. The transverse mesocolon 
forms the inferior boundary of the lesser sac and is 
formed by the fusion of leaves of the parietal perito- 
neum, which covers the anterior surface of the pan- 
creas. The lesser sac and transverse mesocolon are 
common pathways for the tracking and accumulation 
of fluid in acute pancreatitis. 

In elderly patients, fatty replacement of the pan- 
creas occurs frequently as a normal degenerative process 
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and results in a feathery, lobulated appearance on 
imaging. The posterior aspect of the pancreas does 
not have a serosal covering, which accounts for the 
extensive dissemination of fluid in pancreatitis and the 
early spread of pancreatic ductal cancer into retroperi- 
toneal fat. 

The pancreatic duct measures 1-2 mm in diameter 
in normal subjects. Although considerable variation in 
the size of the head occurs, the normal pancreatic head 
is 2-2.5 cm in diameter, with the remainder of the gland 
approximately 1-2 cm thick. The main pancreatic duct 
extends from the tail of the pancreas through the head 
and empties via the sphincter of Oddi into the second 
part of the duodenum at the major papilla. The main 
duct is termed the duct of Wirsung. A smaller accessory 
duct, the duct of Santorini, is frequently present, extends 
from the body of the pancreas through the neck, and 
enters separately into the duodenum in a more proximal 
location at the minor papilla. 

The pancreas is a mixed exocrine and endocrine 
gland. The main mass of pancreatic microstructure is 
exocrine in nature, composed of acinar cells, which 
store and release digestive enzymes. Embedded in 
acinar tissue are small, scattered islets of Langerhans 
composed of endocrine cells, which synthesize hor- 
mones. The major hormones released by the pancreas 
are insulin and glucagon. 



MRI TECHNIQUE 

New MRI techniques that limit artifacts in the abdomen 
have increased the role of MRI in detection and 
characterization of pancreatic disease. Breath-hold Tl 
weighted gradient-echo sequences obtained either as 
2D or 3D gradient echo, fat suppression techniques, and 
dynamic administration of gadolinium chelate have 
resulted in image quality of the pancreas sufficient to 
detect and characterize focal pancreatic mass lesions 
smaller than 1cm in diameter, and to evaluate diffuse 
pancreatic disease [1-4]. The use of high spatial resolu- 
tion MR imaging at 3.0 T improves the detection of small 
focal lesions particularly. 

MR cholangiopancreatography (MRCP) permits 
good demonstration of the biliary and pancreatic ducts 
to assess ductal obstruction, dilatation, and abnormal 
duct pathways [5-7]. The combination of tissue-imaging 
sequences and MRCP provides comprehensive informa- 
tion to evaluate the full range of pancreatic disease. 

MRI of the pancreas is optimal at high field (1.5 T 
or 3.0 T) because of a good signal-to-noise (S/N) ratio, 
which facilitates breath-hold imaging, and increased 
fat-water frequency shift, which facilitates chemically 
selective excitation-spoiling fat suppression or water 



excitation. Tl -weighted chemically selective fat sup- 
pression and Tl -weighted breath-hold gradient echo are 
effective techniques for imaging pancreatic parenchyma. 
The highest image quality of the pancreas is achieved 
with imaging at 3.0 T [8]. The combination of higher 
signal to noise ratio, greater spectral separation, and 
increased sensitivity to gadolinium results in the acquisi- 
tion of images with high quality, and high spatial and 
temporal resolution. Particularly, the image quality of 
postgadolinium sequences is superb at 3.0 T. This allows 
for improved detection and characterization of very 
small lesions [8]. The normal pancreas is high in signal 
intensity on Tl -weighted fat-suppressed images because 
of the presence of aqueous protein in the acini of the 
pancreas [1]. Normal pancreas is well shown with this 
technique (fig. 4.1) [9, 10]. In elderly patients, the signal 
intensity of the pancreas may diminish and be lower 
than that of liver [2]. This may reflect changes of fibrosis 
secondary to the aging process. 

Our standard MR protocol includes Tl-weighted 
fat-suppressed gradient-echo and postgadolinium imag- 
ing in the capillary phase (immediate postcontrast, 
hepatic arterial dominant phase) and interstitial phase 
(1-10 min postcontrast) [4]. There may be advantages in 
performing postgadolinium gradient-echo imaging as a 
3D gradient-echo technique for the following reasons: 
a) thinner sections can be obtained (3 mm vs. 5 mm for 
2D-SGE) and b) the absence of mirror artifact from the 
aorta, which is problematic on 2D-SGE. T2-weighted 
echo-train spin-echo sequences such as T2-weighted 
half-Fourier acquisition snapshot turbo spin-echo 
(HASTE) provide a sharp anatomic display of the 
common bile duct (CBD) on coronal plane images and 
of the pancreatic duct on transverse plane images. 
MRCP images can be acquired oriented in the plane of 
the pancreatic duct, in an oblique coronal projection, 
to delineate longer segments of the pancreatic duct 
in continuity [11]. T2-weighted fat-suppressed images 
are useful for demonstrating liver metastases and islet 
cell tumors. T2-weighted images also provide informa- 
tion on the complexity of the fluid in pancreatic pseu- 
docysts, which may reflect the presence of complications 
such as necrotic debris or infection. Regarding gado- 
linium enhancement, the pancreas demonstrates a 
uniform capillary blush on immediate postcontrast 
images, which renders it markedly higher in signal 
intensity than liver, neighboring bowel, and adjacent 
fat (fig. 4.2) [4]. By lmin after contrast the pancreas 
shows approximately isointense signal with fat on 
non-fat-suppressed Tl-weighted SGE, and moderately 
higher signal than background fat on fat-suppressed 
SGE or 3D-GE sequences (see fig. 4.1). Pancreatic 
head is readily distinguished from duodenum or adja- 
cent bowel on immediate post-gadolinium images 




Fig. 4.1 Normal pancreas. Tl-weighted SGE (a), immediate postgadolinium Tl-weighted SGE (b, c), and 90-s postgadolinium 
fat-suppressed SGE (d) images. The pancreas has a marbled appearance, which is a normal finding associated with aging. 

T2-weighted SS-ETSE (e), in-phase (/") and out-of-phase (g) Tl-weighted gradient-echo, fat-suppressed Tl-weighted gradient-echo Qf), 
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Fig. 4.1 (Continued) and immediate (i) and interstitial-phase (/') postgadolinium fat-suppressed Tl-weighted gradient-echo 
images of pancreatic body and tail in a second patient. The normal pancreas is high in signal intensity on Tl-weighted fat-suppressed 
image (h) because of the presence of aqueous protein in the acini of the pancreas. A uniform capillary blush is apparent on the 
immediate postgadolinium image (/). Small bowel is moderate in signal intensity on Tl-weighted fat-suppressed image (arrow, h), 
which is clearly different from the homogeneous or marbled high signal intensity of the pancreas. The normal-caliber pancreatic 
duct is well shown (arrow, e) on T2-weighted image. 

T2-weighted single-shot echo-train spin-echo (&), T2-weighted short-tau inversion recovery (/), Tl-weighted in-phase (m) and 
out-of-phase (n) SGE, Tl-weighted fat-suppressed SGE (o), and Tl-weighted postgadolinium hepatic arterial dominant phase (p) and 
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(P) 




(q) 



Fig. 4.1 (Continued) hepatic venous phase (q) fat-suppressed 
3D-GE images at 3.0 T demonstrate the normal pancreas in a third 
patient. The normal pancreas again shows high signal intensity on 
Tl-weighted precontrast images (m-6), particularly on the fat- 
suppressed SGE (o). Additionally, the normal pancreas shows cap- 
illary blush on the hepatic arterial dominant phase 3D-GE image 
(p). Note the superb image quality of 3.0 T images, especially 
postgadolinium 3D-GE images. The liver shows signal drop on 
out-of-phase image (n) compared to in-phase image (m) consistent 
with diffuse fat deposition. 





(a) (b) 

Fig. 4.2 Normal head of the pancreas. T2-weighted SS-ETSE (a), fat-suppressed T2-weighted SS-ETSE (&), fat-suppressed 
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Fig. 4.2 (Continued) Tl-weighted gradient-echo (c), and 
immediate id) and interstitial-phase (e) postgadolinium fat-sup- 
pressed Tl-weighted gradient-echo images of normal pancreatic 
head. The pancreatic head is low in signal intensity on T2-weighted 
SS-ETSE image (a) and easily delineated because of surrounding 
high-signal-intensity fat (a). Pancreatic head is high in signal inten- 
sity on fat-suppressed Tl-weighted gradient-echo (c) image and 
enhances homogeneously and intensely on immediate postgado- 
linium image (d). 

Tl-weighted postgadolinium hepatic arterial dominant phase 
if) and hepatic venous phase ig) fat-suppressed 3D-GE images at 
3.0 T demonstrate the normal pancreatic head in a second patient. 
The pancreatic head shows capillary blush on the splenic vein on 
hepatic arterial dominant phase which is characterized by the 
presence of contrast in the portal and splenic vein but not in 
the superior mesenteric vein (white arrow, /). Additionally, the 
normal common bile duct (black arrow, /, g) is very well seen on 
both images. 




G?) 



because the pancreas enhances substantially greater 
than bowel (see fig. 4.1 and fig. 4.2). MRI combining 
Tl, T2, early and late postgadolinium images, MRCP, 
and MRA generates comprehensive information on the 
pancreas [12]. 

Recognition of the characteristic high signal inten- 
sity of normal pancreas on precontrast Tl-weighted 



fat-suppressed and immediate postgadolinium images is 
useful in circumstances of abnormalities of position. 
After left nephrectomy, the tail of the pancreas falls 
into the renal fossa, which can simulate recurrent 
disease on CT examination. Normal pancreas can 
be readily distinguished by its high signal intensity 
(fig. 4.3). 
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Fig. 4.3 Pancreatic tail seated in the left renal fossa after 
left nephrectomy. Tl -weighted fat-suppressed SGE images (a, b) 
demonstrate normal high-signal-intensity pancreas situated in the 
left renal fossa (arrow, £>). 

Tl -weighted fat-suppressed SGE image (c) in a second patient 
who underwent a bilateral nephrectomy shows the pancreatic tail 
seated posteriorly, filling the space in the renal fossa. 



DEVELOPMENTAL ANOMALIES 

Pancreas Divisum 

Pancreas divisum is the most clinically important and 
common major anatomic variant. Although a misleading 
term, pancreas divisum is, by definition, a superficially 
normal-appearing pancreas in which no communication 
has developed between the duct of the dorsally derived 
pancreas and the duct of the embryonic ventral pan- 
creas, which normally forms most of the main pancreatic 
duct [13]. The result of this congenital abnormality is that 
portions of the pancreas have separate ductal systems: 
A very short ventral duct of Wirsung drains only the 
lower portion of the head, whereas the dorsal duct of 
Santorini drains the tail, body, neck and upper aspect of 
the head. The incidence of this anomaly varies between 
1.3 to 6.7% of the population [14]. One study described 
108 patients who underwent both endoscopic retrograde 
cholangiopancreatography (ERCP) and MRCP and 
reported exact correlation between these modalities for 
the detection and exclusion of pancreas divisum [6]. On 
MRCP images, separate entries of the ducts of Santorini 



and Wirsung into the duodenum are consistently 
demonstrated because of the good conspicuity of the 
linear high-signal-intensity tubular structures (fig. 4.4). 
Variations in pancreas divisum are also shown, which 
include the dominant dorsal duct syndrome (see fig. 4.4). 
Pancreas divisum has been reported to be a predis- 
posing factor in recurrent pancreatitis [15, 16]. It is postu- 
lated that in some subjects the disproportion between the 
small caliber of the minor papilla and the large amount 
of secretion from the dorsal part of the gland leads to a 
relative outflow obstruction from the dorsal pancreas, 
resulting in pain or pancreatitis [17]. Compared with 
patients with pancreatitis and normal duct anatomy, the 
pancreas in pancreas divisum may appear normal in signal 
intensity on Tl -weighted fat-suppressed images and 
immediate postgadolinium gradient echo-images because 
the attacks of recurrent pancreatitis tend to be less severe 
and changes of chronic pancreatitis may not develop. 

Annular Pancreas 

Annular pancreas is an uncommon congenital anomaly 
in which glandular pancreatic tissue, in continuity with 
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Fig. 4.4 Pancreas divisum. MRCP image (a) formatted in an 
oblique transverse plane demonstrates separate entry of the ducts 
of Santorini (long arrow, a) and Wirsung (short arrow, a) into the 
duodenum with no communication between the ductal systems. 
MRCP image (£>) in a second patient with dominant dorsal duct 
syndrome shows a large duct of Santorini (long arrow, b) and a 
small communication with a diminutive duct of Wirsung (short 
arrow, £>).The common bile duct (curved arrow, a, b) is identified 
between the ducts of Santorini and Wirsung. Oblique coronal 
MRCP (c) in a patient with normal ductal anatomy shows a small 
duct of Santorini (long arrow, c) and a larger duct of Wirsung 
(short arrow, c). The common bile duct (curved arrow, c) and 
gallbladder (open arrow, c) are also shown. MR pancreatography 
has the advantage of being a noninvasive diagnostic method for 
pancreas divisum. (Courtesy of Caroline Reinhold, M.D., Dept. of 
Radiology, McGill University.) 



the head of the pancreas, encircles the duodenum. In 
most cases, the annular portion surrounds the second 
part of the duodenum. Patients may present with 
duodenal obstruction. On MR images, pancreatic tissue 
is identified encasing the duodenum. Noncontrast 
Tl -weighted fat-suppressed and/or immediate post- 
gadolinium gradient-echo images are particularly effec- 
tive at demonstrating this entity because of the high 
signal intensity of pancreatic tissue, which is readily 
distinguished from the lower signal intensity of adjacent 
tissue and duodenum (fig. 4.5) [18]. 

Congenital Absence of the Dorsal 
Pancreatic Anlage 

Congenital absence of the dorsal pancreatic anlage is a 
very rare anomaly. This abnormality predisposes to 



recurrent attacks of pancreatitis with eventual exocrine 
and endocrine pancreatic failure [13]. The head of the 
pancreas terminates with a rounded contour (fig. 4.6), 
unlike surgical or posttraumatic absence of the distal 
pancreas, which has more squared-off or irregular 
terminations. 

Uneven Fatty Infiltration of the Pancreas 

Variation in fat content between the posterior head 
of pancreas and the anterior head through tail of pan- 
creas may be observed. The underlying mechanism 
likely reflects the differing embryological origin of 
these portions of the pancreas. The importance of rec- 
ognizing this condition is that it may simulate a mass 
lesion (fig. 4.6). MRI is superior to CT in correctly diag- 
nosing this entity. 



DEVELOPMENTAL ANOMALIES 



543 





(e) 



(f) 



Fig. 4.5 Annular pancreas. Tl-weighted SGE (a), immediate postgadolinium Tl SGE (£>), and 90-s postgadolinium Tl fat- 
suppressed SGE (c) images. Normal pancreatic parenchyma (arrow, b) surrounds the second portion of the duodenum, diagnostic 
for annular pancreas. This is best shown on noncontrast Tl-weighted fat-suppressed and immediate postgadolinium (b) images. 

Immediate postgadolinium Tl-weighted gradient-echo image id) in a second patient demonstrates that the pancreatic head 
partially encircles the duodenum (arrowhead, d), suggestive of a variant of annular pancreas (arrow, d). 

T2-weighted single-shot echo-train spin-echo (e), reconstructed MRCP image (/"), Tl-weighted fat-suppressed SGE (g), and 
Tl-weighted postgadolinium hepatic arterial dominant phase SGE (h) images demonstrate an annular pancreas in another patient. 
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(g) 







Fig. 4.5 (Continued) The pancreatic head completely encir- 
cles the second portion of the duodenum (arrows, e-h) and causes 
a narrowing (arrow, /) in this portion of the duodenum. Mucosal 
folds and air of the duodenum are also appreciated. 

Tl -weighted out-of-phase SGE (/), Tl -weighted postgadolin- 
ium hepatic arterial dominant phase SGE (/'), and hepatic venous 
phase fat-suppressed 3D-GE (k) images demonstrate an annular 
pancreas in another patient. The pancreatic head incompletely 
encircles the second portion of the duodenum (white arrows, i- 
k). Note the air in the second portion of the duodenum (black 
arrows, j, k). 




(h) 




U) 




(k) 



Short Pancreas in the Polysplenia 
Syndrome 

Polysplenia syndrome is a congenital syndrome charac- 
terized by multiple, misplaced small spleens character- 
istic in the right upper quadrant and isomerism (bilateral 
left-sidedness) [19]. In a study involving adults with 
polysplenia syndrome discovered incidentally, four of 
eight patients evaluated with CT showed a short pan- 
creas. The short pancreas may also have an abnormal 
orientation (fig. 4.7). A possible explanation for the 
anomaly is disturbance in the blood supply to the 
pancreas-spleen region during embryonal life [20]. 



GENETIC DISEASE 



Cystic Fibrosis 

Cystic fibrosis is the most common lethal genetic disease 
affecting Caucasians, with an incidence of 1 in 2000 live 
births. It is an autosomal recessive multisystem disease 
with an abnormality of the long arm of chromosome 7, 
and homozygotes express the disease fully. The disease 
is characterized by a dysfunction of the secretory process 
of all exocrine glands and reduced mucociliar transport, 
which results in mucous plugging of the exocrine glands. 
The diagnosis is made during childhood when the 
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(c) 






Fig. 4.6 Absence of the dorsal pancreas anlage. Tl -weighted fat-suppressed spin-echo (a) and immediate postgadolinium 
Tl-weighted SGE (£>) images. A normal-appearing head of the pancreas is apparent. The pancreas terminates with a rounded contour 
(arrow, a, b) at the level of the pancreatic neck. 

Uneven fatty infiltration of the pancreas. Tl-weighted in-phase (c) and out-of-phase id) SGE images demonstrate fatty 
infiltration of the pancreas with sparing of the posterior portion of the pancreatic head. The anterior portion of the pancreatic head 
and the pancreatic body shows signal drop on out-of-phase image (d), which is consistent with fatty infiltration. The posterior 
portion of the pancreatic head (arrow, d) does not show signal drop on out-of-phase image (d). This can be mistaken for a pancre- 
atic head mass on CT, but the combination of standard and fat attenuated MR images clearly demonstrate that this appearance is 
due to varying fat content between anatomic regions of the pancreas. 



patient has clinical manifestations of recurrent broncho- 
pulmonary infections leading to chronic lung disease, 
malabsorption secondary to pancreatic insufficiency, and 
an increased sweat sodium concentration. MRI has 
proven to be an effective modality in demonstrating 
pancreas changes in patients with cystic fibrosis [21-23]. 
It is superior to ultrasound in showing fatty infiltration 
and avoids ionizing radiation used in computed tomog- 
raphy. The disadvantage of MRI is that it does not show 
small calcifications, which are encountered in a small 
percentage of patients with cystic fibrosis. 

Pathologic examination of the pancreas in patients 
who have survived until early adulthood shows a spec- 
trum of changes involving atrophy and fibrosis of the 
exocrine pancreas with varying degrees of fatty replace- 



ment. Three basic imaging patterns of pancreatic abnor- 
malities have been described: pancreatic enlargement 
with complete fatty replacement with or without loss of 
the lobulated contour, atrophic pancreas with partial 
fatty replacement (fig. 4.8), and diffuse atrophy of the 
pancreas without fatty replacement [21-23]. Pancreatic 
enlargement with complete fatty replacement is the 
most common pattern observed in cystic fibrosis [23]. 
Fatty replacement is high in signal intensity on 
Tl-weighted images and demonstrates loss of signal 
intensity on Tl-weighted fat-suppressed images (see fig. 
4.8). These findings correlate with the pathologic 
description of mature adipose tissue and isolated foci 
of Langerhans cell islets in the pancreas of patients with 
cystic fibrosis. 
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Another manifestation of cystic fibrosis is pancreatic 
cysts secondary to duct obstruction by secretion. 
Pancreatic cystosis is a rare manifestation characterized 
by large cysts. MRCP is valuable in demonstrating pan- 
creatic duct abnormalities (narrowing, dilatation, stric- 
ture, beading). 

Primary Hemochromatosis 

Primary hemochromatosis is an autosomal recessive 
heritable disease in which there is excessive accumula- 



tion of body iron, most of which is deposited in the 
parenchyma of various organs. The liver, pancreas, 
and heart are primarily affected. Iron deposition results 
in a loss of signal intensity that is more pronounced 
on T2 or T2*-weighted sequences, but in severe deposi- 
tion a loss of signal intensity is also apparent on Tl- 
weighted images (fig. 4.9). Iron deposition in primary 
hemochromatosis is most substantial in the liver. 
Deposition of iron in the pancreas tends to occur late 
in the course of disease after liver damage is irreversible 
[24, 251. 





Fig. 4.7 Short pancreas in the polysplenia syndrome. T2-weighted fat-suppressed SS-ETSE (a) and Tl -weighted fat- 
suppressed spin-echo (b) images in a 9-wk-old boy with polysplenia syndrome. The pancreas has an abnormal anterior-posterior 
orientation and appears short (arrow, £>), but the parenchyma signal intensity is normal. The most common pancreatic finding in 
polysplenia syndrome is short pancreas. Note situs inversus and multiple small spleens. 





Fig. 4.8 Cystic fibrosis. Tl-weighted SGE (a), immediate postgadolinium Tl-weighted SGE (£>), and 90-s postgadolinium Tl- 
weighted fat-suppressed SGE (c) images in a patient with cystic fibrosis. The pancreas is markedly enlarged and hyperintense on 
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Fig. 4.8 (Continued) Tl -weighted image and hypointense on fat-suppressed (c) images, consistent with fatty replacement of 
the pancreatic parenchyma by adipose tissue. The complete fatty replacement of the pancreas is the most common manifestation 
of cystic fibrosis. Tl -weighted SGE (d, e) and Tl -weighted fat-suppressed spin-echo (/") images in a second patient. The pancreas 
is atrophic and demonstrates fatty replacement. Tl-weighted SGE (g, h), Tl-weighted fat-suppressed spin-echo (/,./), and gated 
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Fig. 4.8 (Continued) Tl-SE (&) images in a third patient, who 
has an enlarged fatty replaced pancreas. Extensive pulmonary 
fibrosis is present (&). 





Fig. 4.9 Iron deposition in the pancreas from primary hemochromatosis. Tl -weighted SGE (a, b) images. The pancreas 
(arrow, a, b) is signal void on Tl -weighted images because of the susceptibility effect of iron. The liver is a transplanted liver and 
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Fig. 4.9 (Continued) therefore has not sustained iron deposi- 
tion. Transverse 1-min postgadolinium SGE image (c) in a second 
patient with primary hemochromatosis. Both the pancreas (arrow, 
c) and liver show decreased signal intensity. Gallstones are also 
present. Tl-weighted SGE id) image in a third patient with primary 
hemochromatosis shows a low-signal pancreas (arrow, d). T2- 
weighted single-shot echo-train spin-echo (e) and Tl-weighted 
in-phase (f) and out-of-phase (g) SGE images demonstrate the 
deposition of iron in the liver and pancreas but not in the spleen 
in another patient. The diagnosis, therefore, is consistent with 
primary hemochromatosis. The liver and pancreas show decreased 
signal on T2-weighted and Tl-weighted in-phase images. The liver 
and pancreas show signal increase on out-of-phase image com- 
pared to in-phase image because of shorter TE. The spleen (arrow, 
e) shows normal signal on all images. Note that the liver is cir- 
rhotic, and there are ascites and omental hypertrophy. 



von Hippel— Lindau Syndrome 

Von Hippel-Lindau syndrome is an autosomal dominant 
condition with variable penetration. This condition is 
characterized by tumors in the cerebellum and retina. 
Patients may have cysts of the liver and kidney, with a 



strong propensity to develop renal cell carcinoma. Patients 
with von Hippel-Lindau syndrome may develop pancre- 
atic cysts, islet cell tumors, or microcystic cystadenoma. 
In one series, cysts were the most common pancreatic 
lesions and were present in 19 of 52 patients in whom 
no other pancreatic lesions were present (fig. 4.10) [26]. 
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Fig. 4.10 Pancreatic cysts in von Hippel-Lindau disease. T2-weighted SS-ETSE (a) and gadolinium-enhanced Tl -weighted 
fat-suppressed spin-echo (b) images. Multiple pancreatic cysts are scattered throughout the pancreas, which are high in signal 
intensity on T2-weighted images (a) and low in signal intensity on gadolinium-enhanced images (£>). Thick septations are present 
between many of the clustered cysts. A small renal cancer is identified in the left kidney (arrow, b). 

T2-weighted single-shot echo-train spin-echo (c), Tl-weighted fat-suppressed SGE (d), Tl-weighted postgadolinium true late 
hepatic arterial phase (e), and hepatic venous phase (/") fat-suppressed 3D-GE images at 3.0 T demonstrate multiple cysts located 
in the pancreatic head and bilateral kidneys in another patient with von Hippel-Lindau disease. Thick septations located between 
pancreatic cysts show enhancement. T2-weighted image shows simple cysts in both kidneys (white arrows, c) and a hemorrhagic 
cyst (black arrow, c) in the left kidney. Additionally, there is an enhancing lesion (open arrow, e, /) in the right kidney suggestive 
of renal cell carcinoma. 
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Pancreatic mass lesions can be detected and success- 
fully characterized with a pattern recognition approach 
using Tl, T2, and immediate and late postgadolinium 
images. Table 4.1 summarizes a pattern recognition 
approach for the most common pancreatic tumors. 



Benign Solid Neoplasms 

Lipoma 

Lipoma is the most common benign solid tumor that 
affects the pancreas. Rounded morphology and larger 



Table 4.1 Pattern 


Recognition: 


: Focal Pancreatic Lesions 






T1 T2 


EARLY Gd LATE Gd 


OTHER FEATURES 


Ductal Adeno Ca 
(small) 


A 


0-* 


Usually no background chronic pancreatitis, so 
tumor is well seen on precontrast T1 . 


Ductal Adeno Ca 
(large) 


0-A A-* 





Usually background chronic pancreatitis; tumor is 
not well seen on precontrast T1 . 

Focal mass with definable margins shown on 
early post Gd images is the most common 
imaging characteristic. 


Islet Cell Tumors 
Insulinoma 


* 


A homogeneous A-^ 
and benign 


Tumors are usually <1 cm. 


Gastrinoma 


* 


*, ring A-^ 


Tumors are usually located in the region of the 
pancreatic head. 

Approximately 50% have metastases at initial 
diagnosis. 

Liver metastases tend to be uniform population of 
numerous smooth ring enhancing tumors shown 
on immediate postgadolinium images that 
exhibit peripheral washout on delayed images. 


Somastostatinoma, 
Glucagonoma, 
Untyped 


* 


*, diffuse A heterogeneous 
heterogeneous 


Tumors are usually large at initial diagnosis, with 
the majority having liver metastases. Liver 
metastases are numerous and vary in size with 
irregular ring enhancement. 


VIPoma 


* 


* A 


Primary tumor is usually small at initial diagnosis 
with few varying size liver metastases with 
irregular ring enhancement. 


Serous Cystadenoma 


tt 


A-* A 


Small cysts best seen on single-shot T2 
sequences. 

Septations usually thin and regular but may 
measure up to 4 mm in thickness with regular 
thickness. 

Septations may enhance moderately on 
immediate post-Gd images of larger tumors with 
thicker septations, and these tumors may 
possess a central scar that shows delayed 
enhancement. 


Mucinous Cystadenoma 


tt 


A-* A 


Cysts >2cm. 

Septations are uniform in thickness, and there is 
no evidence of irregular tumor tissue or nodule. 


Macrocystic 
Cystadenocarcinoma 


* 


A-^ A-* 


Cysts vary in signal and >2cm, 

Septations are irregular in thickness with 
irregular-shaped tumor tissue and tumor nodule. 

Tumor may be very locally aggressive and may 
have liver metastases. 

Liver metastases may be high signal on T1 
weighted images because of presence of mucin. 
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size distinguish this tumor from prominent fat within 
the interstices of the pancreas. The diagnosis is readily 
made with non-fat-suppressed and fat-attenuating tech- 
niques (fig. 4.11). 

Malignant Solid Neoplasms 

Adenocarcinoma 

Adenocarcinoma of the pancreas refers to carcinoma 
arising in the exocrine portion of the gland. Pancreatic 
ductal adenocarcinoma accounts for 95% of malignant 
tumors of the pancreas. Pancreatic adenocarcinoma is 
the fourth most common cause of cancer death in the 
United States [27]. The lesion is more common in males 
and blacks [28]. The age range for tumor occurrence is 
the fourth through the eighth decade, with tumor inci- 
dence peaking in the eighth decade [29]. The tumor has 
a poor prognosis, with a 5-year survival of 5% [28]. 

Approximately 60-70% of pancreatic adenocarcino- 
mas occur in the head (figs. 4.12-4.22), 15% in the body 
(figs. 4.23 and 4.24), 5% in the tail (fig. 4.25), and 10- 
20% with diffuse involvement (fig. 4.26) [30]. Tumors in 
the head of the pancreas are in a strategic position to 
encroach on the common bile duct, major papilla, and 
duodenum. They tend to present smaller in size than 
tumors in the body or tail because of the development 
of jaundice secondary to obstruction of the common 
bile duct. Painless jaundice is the classical presenting 
feature of carcinomas within the pancreatic head. 

In general, the diagnosis of pancreatic adenocarci- 
noma is made when the tumor is relatively large (about 
5 cm) and has extended beyond the pancreas (85% of 
cases). Carcinoma involving the body and tail of the 
pancreas grows insidiously and often has already metas- 
tasized widely at the time of diagnosis [31]. The most 
common sites of metastases, in order of decreasing 
frequency, are liver, regional lymph nodes, peritoneum, 
and lungs [30]. The rich lymphatic supply and lack of 
a capsule account for the early spread of cancer to 
regional lymph nodes. The nodal groups involved 
include parapancreatic, paraaortic, paracaval, parapor- 
tal, and celiac. Calcification is a rare constituent of the 
mass itself, although adenocarcinoma may occur in a 
pancreas containing calcification. 

Pancreatic cancer arising in the head of the pan- 
creas may cause obstruction of the CBD and pancreatic 
duct [32]. This appearance on MRCP studies results in 
the "double duct sign," which was originally described 
on ERCP (see fig. 4.15). A characteristic imaging appear- 
ance of pancreatic carcinoma consists of enlargement 
of the head of the pancreas with dilatation of the pan- 
creatic and common bile duct and atrophy of the body 
and tail of the pancreas. However, enlargement of the 
head of the pancreas with obstruction of both ducts is 
not a feature unique to pancreatic cancer, as this same 



appearance may be appreciated, although less com- 
monly, in patients with focal pancreatitis. One study 
evaluated the accuracy of MRI emphasizing Tl -weighted 
3D-GE sequences, for differentiating pancreatic carci- 
noma from chronic pancreatitis. The results showed a 
sensitivity of 93% and specificity of 75% [33]. The most 
discriminative finding for pancreatic carcinoma was 
relative demarcation of the mass compared to back- 
ground pancreas in contrast to chronic pancreatitis on 
post-Gd 3D-GE sequences (fig. 4.15) [33]. Additional 
features included that chronic pancreatitis demonstrated 
progressively more intense enhancement on serial post 
gadolinium images than that of pancreatic cancer, and 
that destruction of pancreatic architecture was present 
with cancer and often absent with chronic pancreatitis 
[33]. Other features that assist in the diagnosis of pan- 
creatic cancer include the presence of lymphadenopa- 
thy, encasement of the celiac axis or superior mesenteric 
artery, and liver metastases (figs. 4.27 and 4.28) [30, 34]. 
On tomographic images, vascular encasement is 
observed as a loss of the fat plane around vessels [35]. 
Liver metastases are the only absolute indication of 
malignancy, as lymphadenopathy and vascular encase- 
ment may rarely occur in inflammatory disease. Because 
liver metastases are not common at initial presentation, 
the most useful imaging feature for the diagnosis of 
pancreatic cancer is the demonstration of a focal hypo- 
vascular mass within pancreatic parenchyma. Detection 
of carcinoma is best performed by immediate postgado- 
linium Tl -weighted gradient-echo images (see fig. 4.12) 
[1, 4, 36-38]. Pancreatic tissue is well delineated from 
tumors, and tumor margins are clearly shown with this 
sequence in all regions of the pancreas. Small tumors 
or tumors of the pancreatic tail are also well demon- 
strated on noncontrast Tl -weighted fat-suppressed 
images. Larger tumors in the pancreatic head are 
revealed less consistently with noncontrast Tlweighted 
fat-suppressed images, as explained below. Conventional 
spin-echo images are generally limited in the detection 
of pancreatic cancer [39]. Tumors are usually minimally 
hypointense relative to pancreas on T2-weighted images 
and are therefore difficult to visualize. One study evalu- 
ated MRI, including noncontrast Tl -weighted fat- 
suppressed spin echo and immediate postgadolinium 
gradient echo, for the detection or exclusion of pancre- 
atic cancer in 16 patients with findings indeterminate 
for cancer on spiral CT imaging [37]. Immediate post- 
gadolinium gradient echo was found to be the most 
sensitive approach to detect pancreatic cancer, particu- 
larly in the head of the pancreas. Both immediate post- 
gadolinium gradient-echo and noncontrast Tl -weighted 
fat-suppressed imaging performed well at excluding 
cancer, and both were significantly superior to spiral 
CT imaging (see figs. 4.13 and 4.17). These findings are 
similar to those reported by Gabata et al. [36], who 
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Fig. 4.11 Pancreatic lipoma. T2-weighted SS-ETSE (a), Tl-weighted SGE (&), Tl-weighted fat-suppressed SGE (c), Tl-weighted 
out-of-phase SGE (d), and 90-s postgadolinium Tl-weighted fat-suppressed SGE (e) images. There is a small lesion in the anterior 
aspect of the head of the pancreas (arrow, a), which appears isointense with adjacent intraperitoneal fat on Tl (by and T2 (a)- 
weighted images, with drop in signal intensity on fat-suppressed images (c, e). A phase-cancellation artifact surrounds the lesion 
on the Tl out-of-phase image (d).These findings are diagnostic for a pancreatic lipoma. 



compared these MR techniques to dynamic contrast- 
enhanced CT imaging. 

Because of their abundant fibrous stroma and rela- 
tively sparse vascularity, pancreatic cancers enhance to 
a lesser extent than surrounding normal pancreatic 



tissue on early postcontrast images [36]. It is therefore 
critical to exploit this difference in vascularity in 
contrast-enhanced studies by imaging in the dynamic 
capillary phase of enhancement (see figs. 4.12, 4.13, and 
4.17) [36, 37]. Thin section thickness is also helpful, but 
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Fig. 4.11 (Continued) Tl-weighted SGE (/"), Tl-weighted fat-suppressed SGE (g), Tl-weighted out-of-phase SGE (h), immediate 
postgadolinium Tl-weighted SGE (i), and 90-s postgadolinium fat-suppressed SGE (/') images in a second patient with a small lipoma 
(arrow, /) in the pancreatic body/tail. An important reason to correctly identify a lesion as a lipoma is not to misinterpret high 
signal on immediate postgadolinium nonsuppressed images as consistent with enhancement (arrow, 0, nor to misinterpret low 
signal on interstitial-phase gadolinium-enhanced fat-suppressed images as consistent with washout (arrow, /). 

Coronal T2-weighted single-shot echo-train spin-echo (&), transverse Tl-weighted in-phase (/) and out-of-phase (m) SGE, and 
transverse Tl-weighted postgadolinium hepatic arterial dominant phase (n) and hepatic venous phase (o) fat-suppressed 3D-GE 
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Fig. 4.11 {Continued) images at 3.0T demonstrate a small pancreatic lipoma (arrows, k-6) in the pancreatic head of another 
patient, showing similar and characteristic findings. 

T2-weighted single-shot echo-train spin-echo (p), Tl-weighted in-phase {q) and out-of-phase (r) SGE, Tl-weighted fat-suppressed 
SGE (s), and Tl-weighted postgadolinium hepatic venous phase fat-suppressed 3D-GE (f) images demonstrate a large pancreatic lipoma 





(s) 






Fig. 4. 1 1 (Continued) originating from the tail region and a right adrenal adenoma. The large pancreatic lipoma (circle, r, s) shows 
phase cancellation artifact on out-of-phase SGE image (r) and suppression on fat-suppressed SGE image (s). The pancreatic tail shows 
beaking (arrow, O and the capsule of lipoma shows enhancement on postgadolinium image (£). The right adrenal adenoma (arrows, q, 
r) shows prominent signal drop on out-of-phase SGE (r) compared to in-phase SGE (q) and homogenous enhancement on post- 
gadolinium image (0- While the lipoma consisting of 100% fat demonstrates signal loss on fat-suppressed images, the adenoma shows 
signal loss on out-of-phase image due to its water and fat components. 






Fig. 4.12 Small pancreatic cancer arising in the head. Tl-weighted fat-suppressed SGE (a), immediate postgadolinium Tl- 
weighted SGE (£>), and 90-s postgadolinium fat-suppressed SGE (c) images. A 6-mm tumor (arrow, b) is present in the uncinate 
process of the pancreas, which does not result in ductal obstruction because of its small size and location. Note that the mass is 
most clearly shown on the immediate postgadolinium image (b) as a small hypoenhancing lesion. Coronal id) and transverse (e) 
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Fig. 4.12 (Continued) T2-weighted SS-ETSE, Tl-weighted SGE (/"), Tl-weighted fat-suppressed SGE (g), and immediate (h) and 
45-s (i) postgadolinium Tl-weighted SGE and 90-s postgadolinium fat-suppressed SGE (/') images in a second patient with moderately 
differentiated adenocarcinoma. There is a 1.5-cm mass arising in the lateral aspect of the pancreatic head, which invades the duo- 
denal wall and causes biliary ductal dilatation. On the T2-weighted images (d, e), CBD obstruction is well shown, but the tumor 
itself is almost imperceptible. The tumor (arrow, g) is most clearly appreciated on the noncontrast Tl-weighted fat-suppressed SGE 
image (g) and the immediate postgadolinium SGE image (h). Progressive tumor enhancement and pancreatic parenchyma wash-out 
over time (i, 7) diminishes the tumor-pancreas contrast, which is most problematic with small tumors. The gastroduodenal artery 
(arrow, h) is well shown on the immediate postgadolinium image as an enhancing structure. The tumor is shown to abut this vessel. 
Approximately one-quarter of all pancreas head cancers exhibit some degree of duodenal wall invasion. 
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Fig. 4.13 Small pancreatic cancer arising in the head. Dynamic contrast-enhanced CT (a) and immediate postgadolinium 
Tl -weighted SGE (b) images. The non-organ-deforming cancer is not apparent on the CT image (a). On the immediate postgado- 
linium image (£>), a heterogeneous low-signal-intensity tumor (arrow, b) is identified in the head of the pancreas, clearly demarcated 
from uniform-enhancing pancreatic tissue. 

Tl-weighted SGE (c) and 45-s postgadolinium Tl-weighted SGE (d) images in a second patient. A 2-cm pancreatic cancer is 
present that is minimally lower in signal intensity than pancreas on the precontrast image (c) and enhances substantially less than 
pancreas on the early postgadolinium image (arrow, d). Tl-weighted fat-suppressed spin-echo (e), immediate postgadolinium Tl- 
weighted SGE (/"), and interstitial-phase gadolinium-enhanced Tl-weighted fat-suppressed spin-echo (g) images in a third patient. 
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Fig. 4.13 (Continued) A small non-organ-deforming cancer is present in the head of the pancreas (arrow, e). The tumor does 
not obstruct the main pancreatic duct, so background pancreas remains high in signal intensity on Tl -weighted fat-suppressed 
images (e). The immediate postgadolinium Tl -weighted SGE image (/") demonstrates normal capillary enhancement of the pancreas 
with minimal enhancement of the cancer. The interstitial-phase gadolinium-enhanced Tl-weighted fat-suppressed image (g) dem- 
onstrates minimally higher signal intensity of the tumor compared to the background pancreas, reflecting a greater accumulation 
of gadolinium by the tumor and obscuring the cancer. 

Spiral CT (Z?),Tl-weighted fat-suppressed SGE (i), and immediate postgadolinium Tl-weighted SGE (/') images in a fourth patient. 
The pancreatic cancer is not visualized on the spiral CT image (h). On the Tl-weighted fat-suppressed image, the tumor is low in 
signal intensity (arrow, /) relative to background pancreas. On the immediate postgadolinium image (/'), the tumor (arrow, 7) 
enhances less than background pancreas. 



8-mm-thick sections may be sufficiently thin to detect 
even small (<1 cm) cancers because of the high contrast 
resolution on 2D-SGE images. An adequate signal-to- 
noise ratio may be achieved with section thickness of 
5 mm by using a phased-array surface coil. On newer 
MR systems, 3D-GE is a good technique to detect small 
pancreatic cancers with 3 mm section thickness (see 
figs. 4.17 and 4.18). Although pancreatic cancers are 
lower in signal intensity than pancreas on immediate 
postgadolinium (capillary phase) images, the appear- 
ance of cancers on >l-min postgadolinium (interstitial 
phase) images is variable [36]. The enhancement of 
cancer relative to pancreas on interstitial phase images 



reflects the volume of extracellular space and venous 
drainage of cancers compared to pancreatic tissue. In 
general, large pancreatic tumors tend to remain low in 
signal intensity on later images (see figs. 4.23 and 4.25), 
whereas smaller tumors may range from hypointense to 
hyperintense. 

Pancreatic cancers appear as low-signal-intensity 
masses on noncontrast Tl-weighted fat-suppressed 
images and are clearly separated from normal pancre- 
atic tissue, which is high in signal intensity [4, 36, 37]. 
Pancreatic tissue distal to pancreatic cancer is 
often lower in signal intensity than normal pancreatic 
tissue [36, 37]. This finding may be explained by 
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Fig. 4.14 Pancreatic cancer arising in the head. T2-weighted echo-train spin-echo (a), Tl-weighted SGE (£>), Tl-weighted 
fat-suppressed SGE (c), immediate postgadolinium Tl-weighted SGE (d), and 90-s postgadolinium fat-suppressed SGE (e) images. 
There is a 4-cm tumor arising in the pancreatic head, which appears hypointense on Tl (b, c> and T2 (a)-weighted images. On 
immediate postgadolinium images (c), the tumor exhibits diminished enhancement compared to normal adjacent pancreatic paren- 
chyma, with demarcation of the tumor edges (arrow, d) with background pancreas. 

MRCP (/"), immediate postgadolinium Tl-weighted SGE (g), and 90-s postgadolinium fat-suppressed SGE (h) images in a second 
patient with poorly differentiated pancreatic adenocarcinoma. The pancreatic cancer appears as a hypoenhancing mass (arrow, g) 
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Fig. 4.14 (Continued) on the immediate postgadolinium image (g) with demarcated margins. Relationship to the superior 
mesenteric vessels, which are spared, is well shown on the interstitial phase gadolinium-enhanced fat-suppressed image (h). Coronal 
T2-weighted echo-train spin-echo (0,Tl-weighted SGE (/), immediate postgadolinium Tl-weighted SGE (&), and 90-s postgadolinium 
fat-suppressed SGE (/) images. A 2-cm moderately differentiated adenocarcinoma of the pancreatic head is present (arrow, k), which 
is most clearly depicted on the immediate postgadolinium image (k). On the interstitial-phase gadolinium-enhanced fat-suppressed 
image (/), the tumor has decreased in conspicuity because of progressive tumor enhancement and pancreatic parenchymal wash- 
out. Invasion of the medial duodenal wall is shown by contiguous extension of tumor to the wall. 
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Fig. 4.15 Pancreatic cancer arising in the head with biliary tree dilatation. Immediate postgadolinium Tl -weighted SGE 
(a) and non-breath-hold 3D MIP MRCP (b) images. A 3.5-cm cancer arises from the head of the pancreas. On the immediate post- 
contrast image (a), the tumor is well shown as a low-signal intensity mass (small arrows, a) that is closely applied to the superior 
mesenteric vein and superior mesenteric artery (long arrows, a). The MRCP image (b) demonstrates obstruction of the CBD (long 
arrow, b) and pancreatic duct (small arrow, b) creating the "double duct" sign. 

Coronal (c) and transverse id) T2-weighted SS-ETSE, Tl-weighted SGE (e), immediate (/") and 45-s (g) postgadolinium Tl- 
weighted SGE, and transverse (h) and coronal (i) interstitial-phase gadolinium-enhanced fat-suppressed SGE images in a second 
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Fig. 4.15 (Continued) patient with a poorly differentiated pancreatic adenocarcinoma arising in the head. Obstruction of the 
CBD (arrow, c) by the pancreatic head cancer is clearly shown on the coronal image (c). The pancreatic mass is mildly heteroge- 
neous and hyperintense on T2-weighted (c, d) images, with minimal enhancement on early postcontrast images (/") and progressive 
enhancement on later images (h). The tumor partially encases the superior mesenteric vein (arrow, h), and a definable margin with 
a thin rim of adjacent pancreas (small arrows, g) is appreciated. Duskiness of the fat around the superior mesenteric artery (arrow, 
h) is shown on the interstitial-phase gadolinium-enhanced fat-suppressed image (h). The coronal gadolinium-enhanced fat- 
suppressed image shows a patent portal vein (arrow, i) and its relationship with the cancer. Coronal T2-weighted SS-ETSE (/'), 
immediate post-gadolinium Tl-weighted SGE (&), and 90-s postgadolinium fat-suppressed SGE (/) images in a third patient with 
pancreatic cancer. Obstruction of the CBD is present. A hypoenhancing tumor (arrow, k) with definable margins with adjacent 
pancreas is clearly shown on the immediate postgadolinium image (&), which has central necrotic areas and causes biliary tree 
dilatation. 
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Fig. 4.16 Pancreatic head cancer with cystic compo- 
nents. T2-weighted SS-ETSE (a), immediate postgadolinium Tl- 
weighted SGE (£>), and 90-s postgadolinium fat-suppressed SGE (c) 
images. A 3-cm tumor arises from the posterior aspect of the pan- 
creatic head (arrow, b), which is most clearly defined as a mass 
with demarcated borders on the immediate postgadolinium 
images (b). Extensive cystic changes are associated with the 
tumor, as shown on the T2-weighted image (a). 






Fig. 4.17 Small pancreatic cancer arising in the head. Dynamic contrast-enhanced CT (a), fat-suppressed Tl- 
weighted gradient-echo (£>), immediate postgadolinium fat-suppressed Tl -weighted 3D gradient-echo (c), and coronal reformat of 
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Fig. 4.17 (Continued) the immediate postgadolinium fat-suppressed Tl -weighted 3D gradient-echo id) images in a patient with 
small pancreatic cancer. A small cancer is present in the pancreatic head (arrows, c, d), which is most clearly defined as a mass 
with demarcated borders on fat-suppressed Tl -weighted images (arrows, b). The small, non-organ-deforming tumor is not apparent 
on CT image. The tumor appears as a hypoenhancing mass (arrow, c) on the immediate postgadolinium image (c) with demarcated 
margins. Dynamic contrast-enhanced CT (e) and immediate postgadolinium fat-suppressed Tl -weighted 3D gradient-echo (/") images 
in a second patient. A small cancer seen on the immediate postgadolinium image (arrow, /), is not appreciated on CT image. 

Immediate and interstitial postgadolinium fat-suppressed Tl -weighted gradient-echo images (g, h) in a third patient demonstrate 
a small hypoenhancing mass arising from the tip of the uncinate process. This mass is seen well only on the immediate postgado- 
linium 3D gradient-echo image (arrow, g). 
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Fig. 4.18 Pancreatic head cancer with portal vein throm- 
bosis. T2-weighted SS-ETSE (a, b) and immediate postgadolinium 
(c) and interstitial-phase postgadolinium fat-suppressed Tl- 
weighted gradient echo (d, e) images. A large tumor is present in 
the head of the pancreas that results in obstruction of the pancre- 
atic duct (arrows, £>).The portal vein is thrombosed (arrows, d, e). 
The tumor enhances in a minimal heterogeneous fashion on the 
immediate postgadolinium image (arrows, c). 





tumor-associated pancreatitis occurring distal to the 
tumor because of obstruction of the main pancreatic 
duct. With chronic inflammation of the pancreas, there 
is progressive fibrosis and glandular atrophy and the 
proteinaceous fluid of the gland diminishes [36, 40]. In 
these cases, depiction of cancer is poor on noncontrast 
Tl -weighted fat-suppressed images [36, 37]. However, 
immediate postgadolinium gradient-echo images are 
able to define the size and extent of cancers that obstruct 
the pancreatic duct [36, 37]. Demonstration of a rim of 



increased enhancement representing surrounding pan- 
creas is commonly observed in pancreatic cancer, par- 
ticularly that arising in the head. This is an important 
imaging feature, which helps to establish the focal 
nature of the disease process (see fig. 4.15). These 
tumors appear as low-signal-intensity mass lesions in a 
background of slightly greater-enhancing chronically 
inflamed pancreas. Tumors are usually large when they 
cause changes of surrounding chronic pancreatitis, and 
in this setting diagnosis is not problematic. In carcino- 
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Fig. 4.19 Large pancreatic cancer arising in the head. Fat-suppressed T2-weighted SS-ETSE (a), fat-suppressed Tl-weighted 
gradient-echo (b), and immediate (c) and interstitial-phase id) postgadolinium fat-suppressed Tl-weighted gradient-echo images in 
a patient with pancreatic cancer. A 5-cm mass is present in the pancreatic head. It is mildly hypointense relative to pancreas and 
demonstrates diminished enhancement on immediate and late postgadolinium Tl-weighted images (c, d). 





Fig. 4.20 Large pancreatic cancer arising in the head. T2-weighted fat-suppressed SS-ETSE (a), Tl-weighted fat- 
suppressed spin-echo (£>), immediate postgadolinium Tl-weighted SGE (c), and interstitial-phase gadolinium-enhanced Tl-weighted 
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Fig. 4.20 (Continued) fat-suppressed spin-echo (d) images. A large 5-cm cancer is present in the head of the pancreas that is 
low in signal intensity on Tl -weighted images (b) and low in signal intensity on T2-weighted images (a) and enhances minimally 
on early (c) and late id) postgadolinium images. This represents the typical appearance of a large pancreatic ductal cancer. Liver 
metastases are present and are most clearly defined on immediate postgadolinium images as focal low-signal intensity masses with 
irregular rim enhancement (arrows, c). The liver is the most common site for metastatic lesions from primary pancreatic cancer. 

T2-weighted SS-ETSE (e), Tl-weighted SGE (/"), immediate postgadolinium Tl-weighted SGE (g), and 90-s postgadolinium fat- 
suppressed Tl-weighted SGE (h) images in a second patient. There is a 5. 5-cm adenocarcinoma (small arrows, g) arising in the 
pancreatic head, which encases the superior mesenteric artery (long arrow, g). The superior mesenteric vein is thrombosed and 
not visualized. There is a stent in the CBD that causes susceptibility artifact (arrow, h). 






Fig. 4.20 (Continued) T2-weighted SS-ETSE (/), Tl-weighted 
SGE (/'), and immediate postgadolinium SGE (k) images in a third 
patient. A 6 x 5-cm cancer arises in the head and uncinate process 
of the pancreas, with an appearance comparable to the prior 
examples. Note encasement of the SMA (arrow, k). 

T2-weighted single-shot SS-ETSE (/), immediate postgado- 
linium Tl-weighted SGE (ni), and 2-min postgadolinium fat- 
suppressed Tl-weighted SGE (n, 6) images in a fourth patient. A 
large 4-cm tumor is present in the head of the pancreas that results 
in obstruction of the pancreatic duct (arrow, /, ni). The tumor is 
markedly low in signal intensity on the immediate postgadolinium 
image (short arrows, ni), and encasement of the SMA is shown 
(thin arrow, ni). Adjacent duodenum is thick walled, which is 
consistent with invasion (curved arrow, ni). The tumor shows 
diminished central enhancement on the interstitial-phase fat-sup- 
pressed Tl-weighted SGE image (arrows, n). Small periaortic 
lymph nodes are identified (long arrow, n). Tumor extension into 
the porta hepatis is present (large arrow, o). 
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Fig. 4.21 Infiltrative pancreatic cancer arising in the upper head and neck. Coronal T2-weighted SS-ETSE (a), Tl- 
weighted SGE (£>), immediate postgadolinium Tl-weighted SGE (c), and 90-s postgadolinium fat-suppressed SGE (d) images. A 3-cm 
poorly differentiated infiltrative adenocarcinoma is present in the pancreatic head, which causes high-grade obstruction of the CBD. 
The tumor is ill defined on all imaging sequences (arrow, b, c) and demonstrates late increased enhancement (arrow, d). These are 
features of an infiltrative desmoplastic neoplasm. 



mas involving the tail, uninvolved pancreatic paren- 
chyma proximal to the tumor usually is uninvolved and 
high in signal intensity on Tl-weighted fat-suppressed 
images (see fig. 4.25). This differs from the circumstance 
of carcinoma within the pancreatic head and reflects 
the fact that chronic pancreatitis occurs distal to tumor 
that causes obstruction of the main pancreatic duct. An 
additional imaging feature, which assists in the distinc- 
tion between carcinoma and chronic pancreatitis, is 
effacement of the fine, lobular contours of the gland by 
carcinoma. In contrast, in the setting of chronic pancre- 
atitis, although there may be focal enlargement of the 
gland, the internal pancreatic architecture is generally 
preserved and retains the lobular, marbled or feathery 
appearance on MRI. On immediate postgadolinium 
images, pancreatic carcinoma has diminished signal 
intensity without well-defined internal structure, but 
with a mild heterogeneous morphology, whereas with 
chronic pancreatitis, although enhancement is dimin- 
ished, the architectural pattern is often preserved. 



In general, pancreatic carcinoma usually appears as 
a focal mass that is readily detected and characterized 
on immediate postgadolinium images. In these instances, 
the tumor is relatively well demarcated from adjacent 
uninvolved pancreas, which shows greater enhance- 
ment [41]. Pancreatic cancer may occasionally be poorly 
marginated [41]. In this setting, tumors will be ill defined 
without clear margination with adjacent pancreas and 
little or no definition of a mass [41]. These poorly- 
marginated tumors may have decreased enhancement 
on immediate postgadolinium images and may show 
slightly increased enhancement on 2-min postgadolin- 
ium fat suppressed gradient-echo images. This appear- 
ance is commonly observed in pancreatic cancer that 
has been treated with chemotherapy and radiation 
therapy (see below) but may also, uncommonly, be 
seen at initial presentation (see fig. 4.26). One study has 
showed that poorly-marginated appearance of pancre- 
atic ductal carcinoma on MRI most commonly pos- 
sessed moderate- to well-differentiated histopathology 
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Fig. 4.22 Pancreatic cancer arising in the neck. Coronal (a) and transverse (b) T2-weighted SS-ETSE, Tl-weighted SGE (c), 
Tl-weighted fat-suppressed SGE (d), and immediate (e) and 45-s (/") postgadolinium Tl-weighted SGE images in a patient with a 
pancreatic adenocarcinoma arising in the neck of the pancreas. There is a heterogeneous mass in the pancreatic neck (arrow, a, 
b), which contains a cystic component. The body and tail of the pancreas are atrophic with dilatation of the main pancreatic duct. 
The biliary tree is markedly dilated (a). Note diminished enhancement of the solid component of the mass (e, /). 
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Fig. 4.23 Pancreatic cancer arising in the neck and body. 

Tl-weighted fat-suppressed SGE (a), immediate postgadolinium 
Tl -weighted SGE (£>), and 90-s postgadolinium fat-suppressed SGE 
(c) images. On the noncontrast Tl-weighted image, the body and 
tail of the pancreas are expanded, with no definition of a mass. 
The tumor (arrows, c) can be better delineated on gadolinium- 
enhanced images (£>, c) because of lesser enhancement of the 
tumor in relation to the pancreatic parenchyma. 






Fig. 4.24 Pancreatic cancer arising from the body. T2-weighted SS-ETSE (a), Tl-weighted fat-suppressed SGE (£>), immedi- 
ate postgadolinium Tl-weighted SGE (c), and 90-s postgadolinium fat-suppressed SGE (d) images. There is a 3-cm tumor arising in 
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(e) 



CD 




(g) 






Fig. 4.24 (Continued) the midpancreatic body. A sharp transition is apparent between proximal normal pancreas and tumor 
(arrow, £>), which causes distal chronic pancreatitis on Tl-weighted fat-suppressed images (b) and postcontrast images (c, d). A 
claw sign is appreciated (arrow, d), reflecting that the mass arises from the pancreas. Dilated ectatic pancreatic duct side branches 
are present in the distal body and tail, which enhances less than the normal parenchyma. 

T2-weighted short-tau inversion recovery (STIR) (e), Tl-weighted fat-suppressed SGE (/"), Tl-weighted postgadolinium hepatic 
arterial dominant phase (g) and hepatic venous phase Qf) fat-suppressed 3D-GE images at 3.0 T demonstrate a very small 
lesion (arrows; e-h) showing mildly high signal on T2-weighted image (e), moderately low signal on Tl-weighted SGE (/"), and 
initial low signal with progressive enhancement on postgadolinium images (g, h) in another patient. The diagnosis was pancreatic 
adenocarcinoma histopathologically. 
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Fig. 4.25 Pancreatic cancer arising from the tail. Tl-weighted SGE (a), fat-suppressed Tl-weighted SGE (b), and interstitial- 
phase gadolinium-enhanced Tl-weighted SGE (c) images. A large pancreatic tail cancer is present that has encased the splenic vein. 
The tumor is low in signal intensity on the Tl-weighted image (arrow, a). Demarcation of tumor from uninvolved pancreas (short 
arrow, b) is clearly shown on the precontrast Tl-weighted fat-suppressed image (b). The left adrenal is involved (long arrow, b). 
Heterogeneous enhancement with central low signal intensity is apparent on the interstitial-phase image (c). 

Interstitial-phase gadolinium-enhanced Tl-weighted SGE image id) in a second patient demonstrates a pancreatic tail cancer 
(arrows, d) that invades the splenic hilum. 

Coronal (e) and transverse (/") T2-weighted SS-ETSE, Tl-weighted SGE (g), Tl-weighted fat-suppressed SGE (h), immediate 
postgadolinium Tl-weighted SGE (i), and 90-s postgadolinium fat-suppressed SGE (/') images in a third patient. A 5-cm cancer 
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Fig. 4.25 (Continued) (arrow, e,f) arises from the tail of the pancreas and contains a cystic component. The tumor displaces 
the lesser gastric curvature laterally, best appreciated on the coronal image (e). 



compared to focally-defined cancers which had more 
poorly differentiated histology [41]. Features that may 
aid in the distinction from chronic pancreatitis are the 
relatively short history of clinical findings (e.g., pain, 
jaundice), and the high-grade biliary and/or pancreatic 
ductal obstruction despite apparently small-volume 
disease. 

Regarding tumor staging, local extension of cancer 
and lymphovascular involvement may be evaluated 
on nonsuppressed Tl -weighted images [42, 43]. Low- 
signal-intensity tumor is well shown in a background 
of high-signal-intensity fat. Gadolinium-enhanced fat- 
suppressed gradient-echo images, acquired in the inter- 
stitial phase of enhancement (1-10 min postcontrast), 
demonstrate intermediate-signal-intensity tumor tissue 
extension into low-signal-intensity-suppressed fat 
(figs. 4.29 and 4.30). In comparison, noncontrast Tl- 
weighted fat-suppressed images generally show minimal 
signal intensity difference between tumor, which is 
low in signal intensity, and suppressed background 
fat [36]. When tumor involves the body or tail of the 
pancreas, invasion of adjacent organs, such as the 
left adrenal gland, is well shown on a combination 
of sequences including nonsuppressed Tl -weighted 



images and interstitial-phase gadolinium-enhanced fat- 
suppressed Tl-weighted images (see figs. 4.29 and 4.30). 

Vascular encasement by tumor is best shown with 
thin-section 3D gradient-echo images, which can be 
analyzed both as source images in the transverse plane 
and reformatted images in the coronal plane. Coronal 
plane reformatted images are of value to determine the 
relationship between tumor and the portal vein as it 
enters the porta hepatis and tumor and the superior 
mesenteric vein along the medial margin of the head 
of pancreas. Immediate postgadolinium gradient echo- 
images are useful for evaluating arterial patency and 
immediate and 45-s postgadolinium gradient-echo 
images for evaluating venous patency (see fig. 4.27). 

When comparing approaches by CT and MRI, 
interstitial-phase gadolinium-enhanced fat-suppressed 
sequence is an effective technique to delineate perito- 
neal metastases and is superior to CT [44, 45]. MR does 
not perform well at local staging if this technique is not 
employed [46]. Peritoneal metastases appear moderately 
high signal in a dark background of suppressed fat and 
are very conspicuous even if peritoneal disease is of 
thin volume and relatively linear (fig. 4.31). Demonstration 
of focal thickening or nodules increases the likelihood 



576 



Chapter 4 PANCREAS 





Fig. 4.26 Diffuse pancreatic adenocarcinoma. T2-weighted echo-train spin-echo (a), Tl-weighted SGE (£>), Tl-weighted 
fat-suppressed SGE (c), immediate postgadolinium Tl-weighted SGE (d), and 90-s postgadolinium fat-suppressed SGE (e,f) images. 
The pancreas is diffusely enlarged and hypointense on T2 (a) and Tl (£>)-weighted images, with diminished and heterogeneous 
enhancement on early (d) and late (e) gadolinium-enhanced images. The tumor encases the superior mesenteric artery (arrow, d) 
and occludes the superior mesenteric vein and splenic vein. Extensive infarction of the spleen (/") reflects the vascular occlusion 
of splenic vessels. 





Fig. 4.27 Staging pancreatic cancer — vessel involve- 
ment. Coronal T2-weighted SS-ETSE (a), angled coronal MRCP 
(£>), immediate postgadolinium Tl -weighted SGE (c), and 90-s 
postgadolinium fat-suppressed SGE (d) images. A 5-cm tumor 
arises from the pancreatic head and obstructs the CBD and pan- 
creatic duct (arrow, £>), which is well shown on the MRCP image 
(b). The interstitial-phase gadolinium-enhanced image id) shows 
a nonocclusive thrombus in the superior mesenteric vein (arrow, 
d) and tumor stranding around both superior mesenteric vessels. 
Coronal (e) and transverse (/") T2-weighted SS-ETSE and imme- 
diate postgadolinium Tl -weighted SGE (g) images in a second 
patient with pancreatic head adenocarcinoma. Note atrophy of 
the pancreatic body and tail with dilatation of main pancreatic 
duct. Ductal dilatations of the CBD (arrow, e) and pancreatic duct 
(arrow, /) are best shown on single shot T2-weighted images 
(including MRCP). The tumor is best shown on immediate post- 
gadolinium images (g). Encased superior mesenteric artery is 
shown (arrow, g). 






Fig. 4.28 Staging pancreatic cancer — lymph nodes. 

Coronal (a) and transverse (b, c) T2-weighted SS-ETSE, immediate 
postgadolinium Tl-weighted SGE (d), and 90-s postgadolinium 
fat-suppressed SGE (e) images in a patient with pancreatic ductal 
adenocarcinoma (arrow, d) arising from the head. The CBD is 
markedly dilated (a), with mild dilatation of the pancreatic duct 
(b). Tumors are generally not well seen on T2 (c). Optimal tumor 
demonstration is on immediate postgadolinium images (d). Small 
regional nodes (arrow, e) are best seen on interstitial-phase gado- 
linium-enhanced fat-suppressed SGE images (e). 

Interstitial-phase gadolinium-enhanced fat-suppressed SGE 
images (f, g) in two other patients demonstrate malignant retro- 
peritoneal lymph nodes (arrows,/, g). In the latter patient (g), the 
lymph nodes have low-signal centers consistent with central 
necrosis. 





Fig. 4.29 Staging pancreatic cancer — stomach invasion and splenic vein thrombosis. T2-weighted SS-ETSE (a), Tl- 
weighted SGE (£>), immediate postgadolinium Tl -weighted SGE (c), interstitial-phase gadolinium-enhanced Tl -weighted fat-sup- 
pressed SGE (d, e), and coronal interstitial-phase gadolinium-enhanced Tl-weighted fat-suppressed SGE (/") images. A large cancer 
is present arising from the body of the pancreas (arrow, b) that invades the posterior wall of the stomach. Atrophy of the pancreatic 
tail with ductal dilatation (arrow, a) is well shown on the single-shot T2-weighted image (a). Heterogeneous minimal enhancement 
of the tumor is present on the immediate postgadolinium Tl-weighted SGE image (c). Improved demonstration of the stomach wall 
invasion was achieved by gastric distension with orally administered water on the interstitial-phase fat-suppressed Tl-weighted SGE 
image (small arrows, d). Multiple varices along the greater curvature of the stomach are present due to thrombosis of the splenic 
vein. Varices are well shown on gadolinium-enhanced Tl-weighted fat-suppressed SGE images as high-signal-intensity tubular struc- 
tures (arrows, e, /). 
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Fig. 4.30 Staging pancreatic cancer — extension along the 
transverse mesocolon. Interstitial-phase gadolinium-enhanced 
fat-suppressed Tl-weighted SGE images (a-c). A large cancer arises 
from the body of the pancreas (arrow, a) that is adherent to the 
posterior wall of the stomach. Tumor extends inferiorly along the 
transverse mesocolon to involve the transverse colon (arrow, b), 
greater omentum, and adjacent peritoneum (arrow, c). 




that peritoneal abnormalities represent a malignant 
process. 

Lymph nodes are well shown on T2-weighted fat- 
suppressed images and interstitial-phase gadolinium- 
enhanced fat-suppressed Tl-weighted images. Lymph 
nodes are moderately high in signal intensity in a back- 
ground of low-signal-intensity suppressed fat with both 
of these techniques (figs. 4.28 and 4.32). T2-weighted 
fat-suppressed imaging is particularly useful for the 
demonstration of lymph nodes in close approximation 
to the liver because of the signal intensity difference 
between moderately high-signal-intensity nodes and 
moderately low-signal-intensity liver. Both lymph nodes 
and liver appear moderately enhanced on interstitial- 
phase gadolinium-enhanced fat-suppressed gradient- 
echo images, so lymph nodes are not as conspicuous 
in the region of the porta hepatis with this technique. 
To detect lymph nodes adjacent to liver it is useful to 
identify suspicious foci of high signal on the T2-weighted 
fat-suppressed images and confirm that they have the 
rounded morphology of lymph nodes on the gadolin- 
ium-enhanced fat-suppressed Tl-weighted sequences. 
On nonsuppressed Tl-weighted images, lymph nodes 



are conspicuous as low-signal-intensity focal masses in 
a background of high-signal-intensity fat [43], but this 
technique performs best in the detection of retroperito- 
neal nodes or mesenteric nodes in the setting of abun- 
dant fat in these locations. Coronal plane imaging 
provides good visualization of the locations. 

Liver metastases from pancreatic cancers are gener- 
ally irregular in shape, are low in signal intensity on 
conventional or fat-suppressed Tl-weighted images and 
minimally hyperintense on T2-weighted images, and 
demonstrate irregular rim enhancement on immediate 
postcontrast gradient-echo images (figs. 4.32-4.34). The 
low-signal-intensity centers of metastatic lesions reflect 
the desmoplastic nature of the primary cancer [1]. The 
low fluid content and hypovascular nature of these 
metastases permit the distinction between these lesions 
from cysts and hemangiomas, respectively, even when 
lesions are 1cm in diameter. Transient, ill-defined, 
increased perilesional enhancement in the hepatic 
parenchyma may be observed on immediate post- 
gadolinium images. A similar appearance is observed 
even more commonly for colon cancer metastases. Peri- 
lesional enhancement is more typically wedge-shaped 
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Fig. 4.31 Staging pancreatic cancer — peritoneal metastasis. Immediate postgadolinium SGE (a, b) and 90-s postgadolinium 
fat-suppressed SGE (c) images. There is normal enhancement of the pancreatic head and neck with an abrupt transition showing 
hypoenhancement of the body and tail of the pancreas (arrows, a). A focal mass is not present, and this is consistent with diffusely 
infiltrative pancreatic cancer. A large peritoneum-based mass (arrow, b) along the anterior abdominal wall is present, which has a 
multiloculated appearance with peripheral enhancement. There is adjacent peritoneal and omental (arrows, c) enhancement. These 
findings are consistent with diffusely infiltrative pancreatic adenocarcinoma with peritoneal metastasis. 

Tl-weighted SGE (d), immediate postgadolinium Tl-weighted SGE (e,/), and 90-s postgadolinium fat-suppressed SGE (g) images 
at the level of the pancreatic body and tail in a second patient. A 2-cm cancer arises from the pancreatic tail (arrow, /), which is 
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Fig. 4.31 (Continued) best shown on the immediate postgadolinium image (/"). Wedge-shaped transient hyperenhancement of 
segment 4 of the liver on the immediate postgadolinium images is present. Perilesional enhancement is commonly observed with 
pancreatic cancer liver metastases. A small defect is present in the hyperenhanced liver, which may represent a metastasis (small 
arrow, e). Diminished enhancement centrally in the spleen and a gastric wall varix (long arrow, e) reflect splenic vein thrombosis. 
Ascites and extensive peritoneal metastases are present (very small arrows, e, g), which are most conspicuous on interstitial-phase 
gadolinium-enhanced fat-suppressed SGE images (g). 

T2-weighted fat suppressed SS-ETSE (h) and 90-s postgadolinium fat-suppressed Tl -weighted SGE (i) images in a third 
patient who has pancreatic cancer with liver and peritoneal metastases. A 6-cm cystic mass is present in the lesser arc (arrow, h). 
Multiple varices are identified surrounding the cystic lesion (/)• Ascites is appreciated on both T2 (h) and postgadolinium fat- 
suppressed Tl-weighted (i) images. Extensive thickening and enhancement of the peritoneum (small arrows, /) is only appreciated 
on the fat-suppressed gadolinium-enhanced images (/)• A 1.5-cm subcapsular metastasis is identified in segment 4 (curved 
arrow, i). 

Interstitial-phase gadolinium-enhanced fat-suppressed SGE image (/) in a fourth patient with pancreatic cancer, ascites, and 
peritoneal metastases (arrows, j). 
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Fig. 4.31 (Continued) Interstitial-phase gadolinium-enhanced fat-suppressed SGE image (k) in a fifth patient demonstrates 
matting of bowel and mesentery due to tumor involvement. 

Tl-weighted SGE (/), T2-weighted single shot echo train spin echo (m), Tl-weighted postgadolinium hepatic arterial dominant 
phase (n, o) fat-suppressed 3D-GE images demonstrate a large pancreatic adenocarcinoma (white arrows, /, m) located in the body 
in another patient. In the liver, there are multiple metastases showing peripheral enhancement (n). Those metastases located 
peripherally are also associated with wedge type of increased parenchymal enhancement. There is also a metastasis (black arrow, 
n) showing peripheral enhancement in the spleen. The peritoneal surfaces demonstrate plate-like enhancement consistent with 
peritoneal metastases. Splenic hilar and short gastric — left gastroepiploic varices (hollow arrows; n) are also detected due to splenic 
vein thrombosis. Note that there is free fluid peritoneal thickening (curved arrow, m) in the abdomen. 





Fig. 4.32 Staging pancreatic cancer — lymphadenopathy 
and liver metastases. Coronal T2-weighted echo-train spin-echo 
(a), Tl-weighted SGE (£>), Tl-weighted fat-suppressed SGE (c), imme- 
diate postgadolinium Tl SGE (d, e), and 90-s postgadolinium Tl 
weighted fat-suppressed SGE (f, g) images. There is a 3-cm pancreatic 
head cancer (arrow, d), which is clearly shown on the immediate 
postgadolinium image (d) as a hypoenhancing mass with demarcated 
borders and adjacent greater-enhancing pancreatic parenchyma. Both 
tumor and surrounding pancreas are low signal on the fat-suppressed 
image (c) because of changes of chronic pancreatitis in surrounding 
parenchyma. Liver metastases are present, which measure <1 cm and 
are predominantly situated in a subcapsular location. These small 
metastases are best shown on immediate postgadolinium images as 
uniformly hyperintense or ring enhancing lesions (arrows, e). The 
subcapsular location is quite typical for pancreatic cancer. Associated 
involved lymph nodes are best seen on interstitial-phase gadolinium- 
enhanced SGE images as small moderate-signal masses (arrows, f, g) 
in a background of suppressed fat. Pancreatic cancer has a propensity 
to involve nodes without resulting in increased size. 
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Fig. 4.33 Staging pancreatic cancer — liver metastases. T2-weighted SS-ETSE (a), Tl-weighted SGE (b), Tl-weighted fat- 
suppressed SGE (c), immediate postgadolinium Tl-weighted SGE (d, e), and 90-s postgadolinium fat-suppressed SGE (/") images. A 
4 x 5-cm tumor arises in the pancreatic tail. Note the shape demarcation of normal pancreas (arrow, c) proximal to the large pan- 
creatic cancer. There are multiple liver metastases that are mildly hyperintense on T2 (a) and mildly low signal on Tl, reflecting a 
low fluid content. Liver metastases are best seen as ring-enhancing lesions on immediate postgadolinium images (d, e) with ring- 
enhancing metastases involving both lobes. Pancreatic cancer most commonly metastasizes to the liver. 







Fig. 4.33 (Continued) Immediate postgadolinium SGE image (g) in a second patient demonstrates a 1-cm ring-enhancing metas- 
tasis (arrow, g). 

Immediate postgadolinium SGE image (h) in a third patient demonstrates a large hypovascular tumor arising from the tail of 
the tail of the pancreas (arrow, h). Note the beak sign with the proximal pancreatic parenchyma. Multiple hyperenhancing liver 
metastases are present, the majority <1 cm in size. Wedge-shaped areas of transient increased perilesional enhancement are appreci- 
ated surrounding several lesions. Perilesional enhancement is not uncommon in pancreatic ductal adenocarcinoma. The most com- 
monly observed metastases with perilesional enhancement are colon adenocarcinoma. 

Immediate postgadolinium Tl-weighted SGE image (/) in a fourth patient. Multiple hyperenhancing <l-cm subcapsular liver 
metastases (arrows, /) are present that were not identifiable on other sequences. 

Immediate postgadolinium Tl-weighted SGE images (J, U) in a fifth patient. Multiple irregular hepatic metastases with rim 
enhancement are present. Ill-defined perilesional enhancement (arrow, j, k) is apparent surrounding several metastases. Substantial 
intrahepatic bile duct dilatation is also identified (small arrows, 7) secondary to CBD obstruction by the pancreatic head cancer. 
Low-signal intensity tissue (small arrows, &) surrounds the celiac axis, a finding consistent with tumor involvement. 

Breathing-averaged T2-weighted ETSE (/), immediate postgadolinium SGE (m), and 90-s postgadolinium Tl-weighted 
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Fig. 4.33 (Continued) fat-suppressed SGE (n) images in a sixth patient who has liver metastases and a hemangioma. 
Hemangiomas and metastases can usually be readily distinguished. The hemangioma (arrow, /) is high signal on T2 (/) and demon- 
strates peripheral nodules on the immediate postgadolinium image (m) with relatively uniform hyperintense enhancement on 
delayed images (n). In contrast, the 3-cm metastasis is nearly invisible on T2 (/) and late postgadolinium images (n), with intense 
ring enhancement (arrow, m) on immediate post-gadolinium image (m). This constellation of findings is virtually pathognomonic 
on T2-weighted and postgadolinium images for a liver metastasis coexistent with a hemangioma. 

Breathing averaged T2-weighted echo-train spin-echo (o) and immediate postgadolinium SGE (p) images in a seventh patient. 
The pancreatic tumor is not well seen on T2, but clearly shown as a hypoenhancing mass (arrow, p) on the immediate postgado- 
linium image (p). A <l-cm ring-enhancing lesion (small arrow, p) is apparent in a subcapsular location adjacent to the gallbladder 
in segment V. On the T2-weighted image (o) the lesion is only mildly hyperintense, consistent with minimal fluid content, charac- 
teristic of pancreatic ductal adenocarcinoma metastases. 



with pancreatic cancer liver metastases than with colon 
cancer liver metastases and may have a dramatic appear- 
ance. Concomitant liver metastases in the setting of 
prominent wedge-shaped enhancement abnormalities 
are commonly small, hypervascular, and subcapsular in 
location. Small subcapsular hypervascular metastases are 
observed in over 80% of patients and may be the only 
pattern of liver mestastases in up to 20% of patients [47]. 
Optimal utilization of MRI in the investigation of pan- 
creatic carcinoma occurs in the following circumstances: 
1) detection of small, non-contour-deforming tumors 
(due to the high contrast resolution of pre-contrast Tl- 



weighted fat-suppressed imaging and immediate postg- 
adolinium gradient-echo images), 2) determination of 
tumor location for imaging-guided biopsy, 3) evaluation 
of vascular involvement by tumor, 4) determination and 
characterization of associated liver lesions, and 5) deter- 
mination of the presence of lymph node and peritoneal 
metastases. MRI may be particularly valuable in patients 
who have an enlarged pancreatic head with no defini- 
tion of a mass on CT images. 

Surgery remains the main therapeutic treatment of 
patients with pancreatic cancer [28, 48]; therefore, earlier 
detection of potentially curable disease may result in 
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Fig. 4.34 Poorly differentiated carcinoma resembling islet cell tumor. T2-weighted SS-ETSE (a, b), Tl-weighted SGE (c, d), 
Tl-weighted fat-suppressed SGE (e), immediate postgadolinium Tl-weighted SGE (f, g), and 90-s postgadolinium fat-suppressed 



improved patient survival. Benassai et al. [48] recently 
reported on the factors associated with improvement in 
the 5-year actuarial survival for patients undergoing 
Whipple procedure (pancreaticoduodenectomy). Five- 
year survival was greater for node-negative than for 
node-positive patients (41.7% vs. 7.8%, P < 0.001) and 



for smaller (<3cm) than for larger tumors (33-3% vs. 
8.8%, P< 0.006). The five-year survival for patients with 
negative surgical margins was 23-3%, whereas no 
patients with positive surgical margins survived at 13 
months (JP < 0.001). Another recent report by Ariyama 
et al. [49] demonstrated a 5-year survival of 100% for 
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Fig. 4.34 (Continued) SGE (h, f) images. There is a 3-cm 
tumor (arrow, b) arising in the pancreatic neck, which is moder- 
ately hyperintense on T2 (b) and moderately hypointense on Tl 
(d, e), enhances in a uniform intense fashion immediately after 
gadolinium administration (arrow, g), and retains contrast on 
interstitial-phase images (f). There are multiple liver metastases 
that are moderately hyperintense on T2 (a) and moderately 
hypointense on Tl (c) and show uniform or ring enhancement 
on immediate postgadolinium images (/"), mimicking an islet cell 
tumor. 



patients with <l-cm tumors. It may be that MRI, particu- 
larly 3.0 T MRI, is best suited to reliably detect these 
small tumors, and resultant small metastases and subtle 
vascular and adjacent organ-structure involvement as 
well. 

Poorly Differentiated Carcinoma 

Rarely malignant pancreatic cancers may not be classifi- 
able because of too poorly differentiated or anaplastic 
cytology. These cancers may have an appearance similar 
to islet cell tumors, with tumors appearing high signal 
on T2-weighted images and extensive hypervascular 
liver metastases (see fig. 4.34). The spectrum of appear- 
ance for poorly differentiated carcinoma has not been 
elucidated. 

Acinar Cell Carcinoma 

Acinar cell carcinoma is a rare primary tumor of the 
exocrine gland of the pancreas, representing approxi- 
mately 1% of pancreatic cancers. Tumors generally 
occur between the fifth and seventh decades. Tatli et 
al. [50] recently described the appearance of these 
tumors on CT and MR images. These cancers are gener- 



ally exophytic, oval or round, well marginated, and 
hypovascular. Small tumors are generally solid, whereas 
larger tumors contain cystic areas representing regions 
of necrosis. 

Chemotherapy/Radiation Therapy -Treated 
Pancreatic Ductal Adenocarcinoma 

After chemotherapy and radiation therapy, morphologic 
and pathophysiologic changes occur in the tumor, in 
the pancreas, and in surrounding fatty tissues. In approx- 
imately 50% of cases decrease in size of tumor and 
surrounding fibrogenic response can be demonstrated 
on MR images that correlate with clinical response. 
However, in a sizable proportion of cases, the interface 
is indistinct between tumor margin and surrounding 
background pancreatic tissue. In these instances, evalu- 
ation of tumor dimensions is extremely difficult. In 
addition, in some cases, posttreatment images may show 
features consistent with acute on chronic pancreatitis. 
On imaging, both processes may demonstrate an 
increase in abnormal pancreatic tissue even though the 
tumor itself has decreased in size. Assessment of treat- 
ment response is challenging (fig. 4.35). 
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Fig. 4.35 Pancreatic cancer undergoing chemotherapy 
and radiation treatment — images from 3 consecutive studies 
in a patient undergoing chemotherapy and radiation treat- 
ment. Immediate postgadolinium SGE images from pretherapy 
(a), to 3 months (b) and 5 months (c) after initiation of treatment. 
Pancreatic cancer is initially well-defined (arrow, a). After the 
commencement of treatment, both tumor and pancreas become 
less defined (b, c). 




Islet Cell Tumors 

Islet cell tumors are a subgroup of gastrointestinal neu- 
roendocrine tumors that occur within the endocrine 
pancreas. These tumors are rare in comparison with 
tumors arising from the exocrine portion. Islet cell 
tumors are uncommon, with a reported incidence of less 
than 1 per 100,000 [51]. Tumors may be nonfunctioning, 
or, more commonly, they may present with an endocrine 
abnormality resulting from the secretion of hormones 
[51]. Histopathologically, only a generic diagnosis of islet 
cell tumor can be made with routine staining methods. 
However, islet cell tumors are primarily identified by the 
peptide they contain, and the tumor itself is named after 
the hormone it secretes (e.g., an insulin-secreting tumor 
is termed an insulinoma). Only the results of special 
immunohistochemical techniques such as fluorescence- 
labeled antibody specific for a peptide, will permit the 
designation of a specific islet tumor such as insulinoma, 
gastrinoma, etc. A certain proportion of islet cell tumors 
will secrete no identifiable substance and remain uncat- 
egorized after special immunohistochemical procedures. 
The most common pancreatic islet cell tumors are insu- 



linomas and gastrinomas [52], followed in frequency by 
nonfunctional or untyped tumors. In the authors' experi- 
ence, the majority of clinically or immunohistochemi- 
cally verified pancreatic neuroendocrine tumors are 
gastrinomas [53]. Hormonally functional tumors tend to 
present when they are small because of symptoms 
related to the hormones secreted by the tumors. 
Nonfunctional tumors account for at least 15-20% of islet 
cell tumors and tend to present with symptoms due to 
large tumor mass or metastatic disease [54]. Malignancy 
cannot be diagnosed on the basis of the histologic 
appearance of islet cell tumors. Instead, malignancy is 
determined by the presence of metastases or local inva- 
sion beyond the substance of the pancreas. Insulinomas 
are most commonly benign tumors, gastrinomas are 
malignant in approximately 60% of cases, and almost all 
other types, including nonfunctioning tumors, are malig- 
nant in the great majority of cases. The liver is the most 
common organ for metastatic spread. There is also a 
modest propensity for splenic metastases. 

In the MRI investigation for islet cell tumors, pre- 
contrast Tl-weighted fat-suppressed images, immediate 
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postgadolinium gradient-echo images, and T2-weighted 
fat-suppressed images or breath-hold T2-weighted 
images are useful [1, 55-58]. Because many MR tech- 
niques independently demonstrate islet cell tumors 
well, MR is particularly well suited for the investigation 
of these tumors. Tumors are low in signal intensity on 
Tl -weighted fat-suppressed images, demonstrate homo- 
geneous, ring, or diffuse heterogeneous enhancement 
on immediate postgadolinium gradient echo, and are 
high in signal intensity on T2-weighted fat-suppressed 
images (figs. 4.36-4.38) [531. In rare instances, islet 
cell tumors may be very desmoplastic, appear low in 
signal intensity on T2-weighted images, and demon- 
strate negligible contrast enhancement (fig. 4.38). In 
these cases, the tumors may mimic the appearance of 
pancreatic ductal adenocarcinoma. Large noninsulin- 
oma islet cell tumors not uncommonly contain regions 
of necrosis [591. 

Features that distinguish the majority of islet-cell 
tumors from ductal adenocarcinomas include high 
signal intensity on T2-weighted images, increased homo- 
geneous enhancement on immediate post-gadolinium 
images, and hypervascular liver metastases [57]. Because 
islet cell tumors rarely obstruct the pancreatic duct, 
Tl -weighted fat-suppressed images most often show 
high signal intensity of background pancreas, rendering 
clear depiction of low-signal-intensity tumors in the 
majority of cases [56, 57]. Lack of pancreatic ductal 
obstruction and vascular encasement by tumor are fea- 
tures that differentiate islet cell tumor from pancreatic 
ductal adenocarcinoma. In contrast to the frequent 
occurrence of venous thrombosis in pancreatic ductal 
adenocarcinoma, thrombosis is rare in the setting of 
islet cell tumors. However, rarely, thromboses may 
occur and may represent tumor thrombosis (fig. 4.39) 
[60], unlike the circumstance in pancreatic ductal adeno- 
carcinoma, where the thrombus is usually bland. 
Peritoneal metastasis and/or regional lymph node 
enlargement, characteristic features of pancreatic ductal 
adenocarcinoma, are generally not present in islet cell 
tumors. 

Gastrinomas (G Cell Tumors). The Zollinger- 
Ellison syndrome is defined by the clinical triad of 
pancreatic islet cell gastrinoma, gastric hypersecretion, 
and recalcitrant peptic ulcer disease. Ulcers located in 
the postbulbar region of the duodenum or in the 
jejunum, particularly if multiple, suggest the diagnosis 
of a gastrinoma. Esophagitis is not infrequently observed 
in these patients. 

Gastrinomas occur most frequently in the region of 
the head of the pancreas including pancreatic head, 
duodenum, stomach, and lymph nodes in a territory 
termed the gastrinoma triangle [34]. The anatomic 
boundaries of the triangle are the porta hepatis as the 



superior point of the triangle and the second and third 
parts of the duodenum forming the base. Although 
gastrinomas are usually solitary, multiple gastrinomas 
may occur, especially in the setting of multiple endo- 
crine neoplasia syndrome, type 1. In this setting, patients 
have multiple pancreatic and duodenal islet cell tumors 
[46, 55, 61]. 

Gastrinomas are not as frequently hypervascular as 
insulinomas. Mean size at presentation is 4 cm [59]. CT 
imaging is able to detect gastrinomas reliably when the 
tumors measure more than 3 cm in diameter but per- 
forms less well in the detection of smaller tumors [62]. 
Conventional spin-echo MRI also has been limited in 
the detection of gastrinomas [63, 64]. However, MRI, 
using current techniques, is very effective at detecting 
tumors <1 cm in diameter. Gastrinomas are low in signal 
intensity on Tl -weighted fat-suppressed images and 
high in signal intensity on T2-weighted fat-suppressed 
images, demonstrating peripheral ringlike enhancement 
on immediate postgadolinium gradient-echo images 
(fig. 4.40) [56]. These imaging features are observed in 
the primary lesion and in hepatic metastases. Central 
low signal intensity on postgadolinium images reflects 
central hypovascularity. Occasionally, lesions will be 
cystic. The enhancing rim of the primary tumor varies 
substantially in thickness, with the thickness of the 
rim reflecting the degree of hypervascularity of the 
tumor. If the enhancing rim is thin, it may appear nearly 
imperceptible because of similar enhancement of 
the surrounding pancreatic parenchyma. Gastrinomas 
may occur outside the pancreas, and fat-suppressed 
T2-weighted images are particularly effective at detect- 
ing these high-signal-intensity tumors in a background 
of suppressed fat (fig. 4.41). Multiple gastrinomas may 
be scattered throughout the pancreas and frequently 
are small. T2-weighted breathing-independent echo- 
train spin echo may be effective at demonstrating 
these tumors, because breathing-averaged T2-weighted 
sequences may result in blurring, which may mask the 
presence of small tumors (fig. 4.42). 

Gastrointestinal imaging findings that may be 
observed in gastrinomas include enlargement of the 
rugal folds of gastric mucosa (hypertrophic gastropathy) 
and intense mucosal enhancement on early post- 
gadolinium gradient-echo images (fig. 4.43), increased 
esophageal enhancement, and abnormal enhancement 
and/or thickness of proximal small bowel. These fea- 
tures are reflective of the inflammatory changes of 
peptic ulcer disease and gastric hyperplasia due to the 
effects of gastrin. 

In general, islet cell tumor metastases to the liver 
are well shown on MR images. Gastrinoma metastases 
frequently are relatively uniform in size and shape 
[57]. These metastases are generally hypervascular 
and possess uniform intense rim enhancement on 
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Fig. 4.36 Nonfunctioning islet cell tumor with pancre- 
atic ductal obstruction. T2-weighted SS-ETSE (a, &), Tl-weighted 
SGE (c), immediate (d, e) and 45-s (/") postgadolinium Tl-weighted 
SGE, and 90-s postgadolinium fat-suppressed SGE (g) images. 
There is a 5-cm lobulated tumor (arrow, c) arising from the neck/ 
proximal body of the pancreas. The tumor is mildly hyperintense 
on T2 (b) and mildly hypointense on Tl (c) and shows diffuse 
moderately intense enhancement on immediate postgadolinium 
SGE (e) with moderate washout on interstitial-phase images (g). 
The pancreatic duct (arrow, b) is obstructed by the tumor with 
associated distal atrophy of the pancreas. Multiple extensive liver 
metastases are present measuring up to 1.5 cm in diameter. These 
metastatic lesions are best seen as hyperintense uniform or ring- 
enhancing lesions on immediate postgadolinium images id). 
Rapid washout of the metastasis occurs by 45 s after injection (/"). 
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Fig. 4.37 Nonfunctioning well-differentiated neuroen- 
docrine carcinoma. T2-weighted SS-ETSE (a), Tl-weighted SGE 
(£>), Tl-weighted fat-suppressed SGE (c), immediate postgadolin- 
ium Tl-weighted SGE (d), and 90-s postgadolinium fat-suppressed 
SGE (e) images. There is a exophytic mass (arrows, b) arising from 
the head of the pancreas, which is slightly hyperintense relative 
to the pancreas on T2 (a) and moderately hypointense on Tl (b, 
c) with mild early (d) and late (e) enhancement on gadolinium- 
enhanced images. 



immediate postgadolinium gradient-echo images. Unlike 
pancreatic ductal cancer liver metastases, ill-defined 
perilesional enhancement is not observed with gastri- 
noma metastases, despite the substantial hepatic arterial 
blood supply of these tumors. Typically, lesions are very 
high in signal intensity on T2-weighted fat-suppressed 
images and have well-defined margins. This T2-weighted 
appearance may be confused with hemangiomas, which 



are also moderately high signal intensity and well 
defined. Islet cell tumor liver metastases are differenti- 
ated from hemangiomas by their enhancement patterns. 
Islet cell metastases have uniform ring enhancement on 
immediate postgadolinium images that fades with time 
[53], whereas hemangiomas have discontinuous periph- 
eral nodular enhancement on immediate postgadolin- 
ium images with centripetal progression of enhancement. 






Fig. 4.38 Nonfunctioning islet cell tumor with liver metastases. Spiral CT (a) and immediate postgadolinium Tl -weighted 
SGE (b) images. Low-attenuation/signal intensity tumor is well shown in the head of the pancreas on both spiral CT (a) and MR 
(b) images. A thin rim of greater-enhancing normal pancreas is noted posterior to the tumor (small arrows, a, b). On a higher 
tomographic section, an ill-defined low-density lesion is noted in the liver on spiral CT image (arrow, c) that was considered inde- 
terminate. On the T2-weighted fat-suppressed spin-echo image (d), the liver lesion is noted to be low in signal intensity (arrow, 
d), which is not consistent with cyst or hemangioma and is compatible with a hypovascular metastasis. On the 45-s postgadolinium 
Tl -weighted SGE image (e), the lesion enhances in a diminished fashion with faint peripheral rim enhancement (arrow, e) consistent 
with a hypovascular metastasis. A cyst would appear nearly signal void, which would be comparable in appearance to the dilated 
biliary ducts on the postgadolinium image (e).The hypovascular nature of this primary tumor is uncommon for islet cell tumors. 

Fat-suppressed coronal T2-weighted SS-ETSE (/"), fat-suppressed Tl -weighted gradient-echo (g), and immediate (h, i, 7) and 
interstitial-phase (k) postgadolinium fat-suppressed Tl -weighted gradient-echo images in a second patient with islet cell tumor. 
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Fig. 4.38 (Continued) A 7-cm mass is present in the pancreatic head. The mass shows diminished and heterogeneous enhance- 
ment. Bile ducts are dilated secondary to compression by the mass. The gallbladder is markedly dilated. A ring enhancing lesion is 
seen in the liver on immediate postgadolinium Tl -weighted image, consistent with a metastasis (arrow, h). The superior mesenteric 
artery is thrombosed (arrow, /)• 

T2-weighted fat-suppressed single-shot echo-train spin-echo (/) and Tl -weighted postgadolinium hepatic arterial dominant phase 
(pi) and hepatic venous phase (n) fat-suppressed 3D-GE images at 3.0 T demonstrate nonfunctioning islet cell tumors (white thick 
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Fig. 4.38 (Continued) arrows, l-n) in another patient. The tumors (white thick arrows; l-n) are located in the pancreatic head 
and the pancreatic body. They contain central necrosis. There is also a hypervascular liver metastasis (black arrow, m, n) showing 
intense enhancement on the hepatic arterial dominant phase and fading on the hepatic venous phase. Note the liver cyst located 
in the right lobe of the liver. 

Pancreatic schwannoma. Coronal T2-weighted fat-suppressed single-shot echo-train spin-echo (o), transverse Tl -weighted SGE 
(p), and transverse Tl -weighted postgadolinium hepatic arterial dominant phase (q) and hepatic venous phase (r) fat-suppressed 
3D-GE images demonstrate a pancreatic schwannoma in another patient. The tumor is very well demarcated and shows markedly high 
signal on T2-weighted image like other neurogenic tumors. The tumor shows progressive heterogeneous enhancement on postgado- 
linium images. It is located adjacent to the portal vein and between the branches of celiac trunk. The tumor causes widening of the 
branches of celiac trunk. 
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Fig. 4.38 (Continued) 





Fig. 4.39 Nonfunctioning islet cell tumor with tumor thrombus. Coronal gradient refocused flow-sensitive gradient-echo 
(a), T2-weighted fat-suppressed SS-ETSE (£>), Tl-weighted SGE (c), and immediate postgadolinium Tl-weighted SGE (d) images in 
a second patient. A 8 x 5-cm mass arises in the pancreatic body (arrows, c). Expansible tumor thrombus (arrows, a) extending into 
the intrahepatic portal vein is appreciated on the coronal flow-sensitive gradient-echo image (a). Liver cysts and metastases are 
present, with the <l-cm liver metastases (arrows, b) best shown on the T2-weighted image (£>).The primary tumor exhibits diffuse 
moderately intense heterogeneous enhancement (arrow, d), and enhancement of the tumor thrombus is also appreciated (curved 
arrow, d). 



598 



Chapter 4 PANCREAS 





Fig. 4.40 Islet cell tumor — gastrinoma. Tl-weighted fat-suppressed spin-echo (a) and T2-weighted fat-suppressed spin-echo 
(b) images. Islet cell tumors (arrow, a) are usually low in signal intensity in a background of high-signal intensity pancreas on Tl- 
weighted fat-suppressed images (a) and high in signal intensity on T2-weighted images (£>). The uncinate process is a common 
location for gastrinomas, because it is located in the "gastrinoma triangle." 

Dynamic contrast-enhanced CT (c), Tl-weighted SGE (d), and Tl-weighted fat-suppressed spin-echo (e) images in a second 
patient. A 2-cm gastrinoma is present arising from the uncinate process of the pancreas (c-e).The tumor is most conspicuous on 
the Tl-weighted fat-suppressed spin-echo image with a "beak" sign apparent (arrow, e) and was not identified on the CT examina- 
tion prospectively. An enhancing rim (arrow, c) is apparent on the CT image. 

Immediate postgadolinium SGE image (/") in a third patient demonstrates a 8-mm ring-enhancing tumor (arrow, /) in the neck 
of the pancreas diagnostic for a gastrinoma in the appropriate clinical setting. Gastrinomas most commonly possess uniform ring 
enhancement in both the primary tumor and liver metastases. This patient had two recent CT examinations that were both negative 
for gastrinoma. 
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Fig. 4.41 Extrapancreatic gastrinoma. T2-weighted fat-suppressed spin-echo (a), Tl-weighted SGE (£>), Tl-weighted fat- 
suppressed spin-echo (c), and immediate postgadolinium Tl-weighted SGE (d) images. On the T2-weighted fat-suppressed image 
(a), multiple high-signal-intensity foci are present throughout the primary tumor, located posterior to the head of the pancreas with 
an appearance identical to the well-defined high-signal-intensity liver metastases. Tl-weighted images (b, c) demonstrate the extra- 
pancreatic gastrinoma multiple <1.5-cm liver metastases that possess similar low signal intensity. The primary tumor (arrow, c) is 
more clearly visible on the Tl-weighted fat-suppressed image (c) because of the good signal difference between pancreas and tumor. 
On the immediate postgadolinium image (d), multiple ring-enhancing lesions are apparent in both the primary tumor (arrows, d) 
and the liver metastases. 

Coronal SS-ETSE (e), fat-suppressed breathing-averaged ETSE (/"), and 90-s postgadolinium fat-suppressed Tl-weighted SGE (g) 
images in a second patient demonstrate a gastrinoma (arrows, e-g) superior to the fourth portion of the duodenum. The mass is 
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Fig. 4.41 (Continued) uniformly high in signal intensity on 
T2-weighted (e,f) and interstitial-phase gadolinium-enhanced Tl- 
weighted (g) images. Stricturing of the fourth part of the duode- 
num (large arrow, e) reflects peptic ulcer disease in Zollinger-Ellison 
syndrome. Two prior CT imaging examinations were reported as 
negative. 





Fig. 4.42 Multiple gastrinomas. T2-weighted SS-ETSE (a, 
b) and interstitial-phase gadolinium-enhanced fat-suppressed 
Tl -weighted SGE (c) images demonstrate multiple high-signal- 
intensity gastrinomas <lcm in the tail of the pancreas. The 
absence of breathing artifact on the SS-ETSE images has resulted 
in good resolution of the small tumors (arrows, a, b). Ring 
enhancement is apparent on the largest 8-mm tumor (arrow, c). 
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Fig. 4.43 Gastric wall hyperplasia. Immediate postgado- 
linium Tl -weighted SGE image demonstrates intense enhance- 
ment of the prominent gastric rugal folds (arrow) in a patient 
with gastrinoma. 



(For a discussion on hemangiomas, see Chapter 2, 
Liver.) These appearances are better shown on MR than 
CT images because of the higher sensitivity of MRI to 
contrast enhancement, faster delivery of a compact 
bolus of intravenous contrast, and greater imaging tem- 
poral resolution [53]. The peripheral enhancing rim may 
be thin or thick, resulting in differences in the degree 
of vascularity. Occasionally, thick rim enhancement may 
have a peripherally based spoke-wheel enhancement. 
Centripetal enhancement of gastrinoma metastases may 
occur on serial postgadolinium images. Peripheral 
washout is commonly observed for hypervascular gas- 
trinoma metastases (fig. 4.44). 

Insulinomas. Insulinomas are one of the most 
common islet cell tumors and are frequently function- 
ally active. Tumors frequently come to clinical attention 
when they are small (<2 cm) because of the severity of 
the symptomatology [59]. Patients present with signs 
and symptoms of hypoglycemia. Insulinomas are usually 
richly vascular. Angiography has been reported as supe- 
rior to CT imaging in detecting these tumors because 
of their small size and increased vascularity [65]. MRI 
may be superior to angiography for the detection of 
these tumors, reflecting the greater number of different 
types of data acquisition with MRI and the high sensitiv- 
ity for contrast enhancement (figs. 4.45 and 4.46). 

Insulinomas are low in signal intensity on Tl- 
weighted images and high in signal intensity on T2- 
weighted images. They are well shown on Tl -weighted 
fat-suppressed images (see fig. 4.45) [56]. Small insulino- 
mas typically enhance homogeneously on immediate 
postgadolinium gradient-echo images (see fig. 4.45) 
[57]. Larger tumors, measuring more than 2 cm in diam- 
eter, often show ring enhancement. Liver metastases 



from insulinomas typically have peripheral ringlike 
enhancement, although small metastases tend to 
enhance homogeneously. Enhancement of small metas- 
tases frequently occurs transiently in the capillary phase 
of enhancement and fades on images acquired at 1 min 
after injection. 

Glucagonoma, Somatostatinoma, VIPoma, and 
ACTHoma. These islet cell tumors are considerably 
rarer than insulinomas or gastrinomas. They are usually 
malignant, with liver metastases present at the time of 
diagnosis (figs. 4.47 and 4.48) [51, 58, 59, 66-69]. The 
primary pancreatic tumors of glucagonoma and 
somatostatinoma are large and heterogeneous on MR 
images [66-69]. They are usually moderately low in 
signal intensity on Tl -weighted fat-suppressed images 
and moderately high in signal intensity on T2-weighted 
fat-suppressed images, enhancing heterogeneously on 
immediate postgadolinium images (see fig. 4.47) [58]. 
Liver metastases are generally heterogeneous in size 
and shape, unlike gastrinoma metastases, which are 
typically uniform (see fig. 4.47) [57]. Metastases possess 
irregular peripheral rims of intense enhancement on 
immediate post-gadolinium gradient-echo images (see 
fig. 4.47). Peripheral spoke-wheel enhancement may be 
observed in liver metastases on immediate postgado- 
linium images (fig. 4.49). Hypervascular liver metastases 
are best shown on immediate postgadolinium gradient- 
echo images, which are superior to spiral CT images 
for this determination [58]. Splenic metastases are not 
uncommon (see fig. 4.47). 

ACTHomas may present with a large, heteroge- 
neous enhancing primary tumor and small, hypervascu- 
lar liver metastases. Their appearance may resemble 
glucagonomas and somatostatinoma masses. 

VIPoma may have a characteristic appearance of a 
small primary tumor despite large and extensive liver 
metastases (fig. 4.49). Prior case reports have described 
ostensibly primary VIPoma of the liver without visual- 
ization of a pancreatic primary. The possibility exists 
that the primary pancreatic tumor may have been 
extremely small and escaped detection. 

Islet Cell Tumors, Untyped or Uncategorized. 

Islet cell tumors do not receive a specific designation 
when special immunohistochemical stains or serum 
assays are negative. Tumors are generally large at pre- 
sentation because they are clinically silent. The imaging 
appearance of these tumors resembles glucagonomas 
and somatostatinomas (see figs. 4.36-4.39). Liver metas- 
tases are generally present at the time of diagnosis. 
Pancreatic schwannomas (fig 4.38) may mimic the 
appearances of islet cell tumors as well as other pan- 
creatic malignancies. 
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Fig. 4.44 Liver metastases from gastrinomas. Dynamic 
contrast-enhanced CT (a) and immediate (b) and 10-min (c) post- 
gadolinium Tl-weighted SGE images. Metastases are poorly visual- 
ized on the CT image (a). On the immediate postgadolinium 
Tl-weighted SGE image (£>), multiple metastases of similar size are 
identified with uniform intense rim enhancement. Peripheral 
washout is well shown on the 10-min postcontrast image (c). 

Immediate postgadolinium SGE images id) in a second patient 
show extensive <1 .5-cm liver metastases throughout the liver with 
uniform ring enhancement. 

Immediate postgadolinium SGE image (e) in a third patient 
show an unusual pattern for gastrinoma liver metastases with 
varying sized lesions with intense, almost uniform enhancement 
of a 5-cm metastasis. Often these large hypervascular islet cell 
metastases that enhance nearly uniformly on immediate postgado- 
linium images possess a radiating spoke-wheel pattern of bands of 
lesser-enhancing stroma. 




Carcinoid Tumors 

Rarely, carcinoid tumors may originate in the pancreas. 
Pancreatic carcinoids arise from the cells of the gastro- 
enteropancreatic neuroendocrine system [53]. Carcinoid 
tumors are generally large at presentation, with coexis- 
tent liver metastases (fig. 4.50). Focal and diffuse 



involvements of the pancreas have been observed. 
Tumors are generally mildly hypointense on Tl and 
moderately hyperintense on T2 and show diffuse het- 
erogeneous enhancement on immediate postgadolin- 
ium images (fig. 4.51) [53]. Enhancement of the primary 
tumor may be mild, despite extensive enhancement of 
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Fig. 4.45 Insulinoma. T2-weighted ETSE (a), Tl-weighted SGE (&), Tl-weighted fat-suppressed SGE (c), immediate postgado- 
linium Tl-weighted SGE (d), and 90-s postgadolinium fat-suppressed SGE (e) images. A 1-cm tumor (arrow, c) arising in the superior 
aspect of the midbody of the pancreas is isointense on T2 (a) and Tl (b)-weighted images and low signal on Tl-weighted fat- 
suppressed image (c) and enhances intensely and homogeneously (arrow, d) on the immediate postgadolinium image. The lesion 
fades to isointensity with background pancreas (e). 

Immediate postgadolinium Tl SGE image (/") demonstrates a 1.2-cm uniformly enhancing insulinoma (arrow) arising from the 
body of the pancreas. 
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Fig. 4.46 Multiple malignant insulinomas. Tl -weighted fat-suppressed spin-echo images (a, b). Multiple low-signal intensity 
insulinomas (arrows, a, b) ranging in diameter from 1 to 5 cm are present throughout the pancreas. Intervening pancreatic tissue 
is noted to be normal in signal intensity (long arrow, a). Liver metastases are also present (curved arrow, a). Multiple insulinomas 
are uncommon, occurring in <10% of all cases of B cell tumors. 





Fig. 4.47 Glucagonoma and somatostatinoma with liver and spleen metastases. Tl-weighted SGE (a) and immediate 
postgadolinium Tl-weighted SGE (b) images. A 6-cm tumor (arrow, a) arises from the tail of the pancreas (a). Multiple liver metas- 
tases are present, which are low in signal intensity on the precontrast Tl-weighted image (a). On the immediate postgadolinium 
Tl-weighted SGE image (£>), the primary tumor enhances heterogeneously. Intense ring enhancement is present in many of the 
liver metastases, reflecting hypervascularity. Note that the liver metastases are variable in size and shape. 

T2-weighted fat-suppressed SS-ETSE (c) and immediate postgadolinium Tl-weighted SGE (d) images. On the T2-weighted image 
(c), multiple small, high-signal-intensity liver metastases and a large, low-signal-intensity splenic metastasis are present. On the 
immediate postgadolinium image (d), the liver metastases enhance intensely and the splenic metastasis is low in signal intensity. 
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Fig. 4.47 (Continued) Immediate postgadolinium Tl- 
weighted SGE image (e) in a second patient with somatostatinoma 
demonstrates a 14-cm liver metastasis with intense, irregular rim 
enhancement. 






Fig. 4.48 ACTHoma. Spiral CT (a), Tl-weighted SGE (b), T2-weighted fat-suppressed ETSE (c), and immediate postgadolinium 
Tl-weighed SGE (d) images. A 4-cm ACTHoma is present in the tail of the pancreas (arrow, a). Direct extension of the primary 
tumor into the spleen is most clearly shown on the immediate postgadolinium Tl-weighted SGE image (arrows, d). Multiple liver 
metastases are present, which are poorly seen on the spiral CT image (a) but are well shown on the MR images (b-d) . Liver metas- 
tases are most conspicuous on the immediate postgadolinium Tl-weighted SGE image (d). (Reproduced with permission from 
Kelekis NL, Semelka RC, Molina PL, Doerr ME: ACTH-secreting islet cell tumor: Appearances on dynamic gadolinium-enhanced MRI. 
Magn Reson Imaging 13: 641-644, 1995.) 
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Fig. 4.49 VIPoma. Tl-weighted fat-suppressed SGE (a), 
coronal T2-weighted SS-ETSE (£>), and immediate postgadolinium 
Tl-weighted SGE (c) images in a patient with VIPoma. A 1.5-cm 
tumor arises from the tail of the pancreas (arrow, a) that appears 
low in signal intensity on the Tl-weighted image. Multiple metas- 
tases are present that are moderately low signal intensity on the 
Tl-weighted image (a) and moderately high signal intensity on the 
T2-weighted image (b) and enhance in a moderately intense 
peripheral spoke-wheel type radial fashion on the immediate post- 
gadolinium Tl-weighted SGE image (c). 




liver metastases. Liver metastases are variable in size 
and often exhibit intense enhancement, similar to islet 
cell tumor liver metastases. 



CYSTIC NEOPLASMS 

In general, this group of pancreatic tumors arises from 
the exocrine component of the gland and is much less 
common than solid exocrine carcinomas. Although sec- 
ondary cystic change can be seen in most types of 
pancreatic neoplasms, cystic pancreatic neoplasms are 
characterized by their consistent, invariably present, 
cystic configuration. 

Serous Cystadenoma 

Serous cystadenoma is a benign neoplasm characterized 
by numerous tiny serous fluid-filled cysts [70]. Serous 
cystadenomas are usually microcystic and multilocular, 
and consist of multiple small cysts less than 1cm in 
diameter (fig. 4.52). Uncommonly, serous cystadenomas 



may be macrocystic (cysts measuring from 1 to 8 cm) 
including multilocular, oligolocular or unilocular sub- 
types. This tumor frequently occurs in older patients 
and has an increased association with von Hippel- 
Lindau disease [70]. 

Microcystic serous cystadenoma is well demarcated 
and occasionally contains a central fibrotic scar. Tumors 
range in size from 1 to 12 cm, with an average diameter 
at presentation of 5 cm. The lesion may exhibit either a 
smooth or a nodular contour. On cut surface, small, 
closely packed cysts are filled with clear, watery (serous) 
fluid and separated by fine, fibrous septae, creating a 
honeycomb appearance. Calcifications may occasion- 
ally be present. On MR images, the tumors are well- 
defined and do not demonstrate invasion of fat or 
adjacent organs [71]. On T2-weighted images, the small 
cysts and intervening septations may be well shown as 
a cluster of small grapelike high-signal-intensity cysts. 
This appearance is more clearly shown on breath-hold 
or breathing-independent sequences such as single- 
shot echo-train spin echo, because the thin septations 
blur with longer-duration non-breath-hold sequence 
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Fig. 4.50 Carcinoid tumor with liver metastases. T2-weighted echo-train spin-echo (a), Tl-weighted SGE (&), immediate 
postgadolinium Tl-weighted SGE (c), and 90-s postgadolinium fat-suppressed SGE (d) images in a patient with a carcinoid tumor 
with diffuse involvement of the pancreas and hypervascular liver metastasis. The pancreas is diffusely enlarged with irregular contour 
and enhances heterogeneously on the immediate postgadolinium image (arrows, c). The metastatic liver lesion shows a radial 
enhancement on gadolinium-enhanced images (c, d). Note a biliary stent in the CBD (arrow, b). 



(fig. 4.52). Relatively thin uniform septations and 
absence of infiltration of adjacent organs and structures 
are features that distinguish serous cystadenoma from 
serous cystadenocarcinoma (see fig. 4.52). Tumor septa- 
tions usually enhance minimally with gadolinium on 
early and late postcontrast images, although moderate 
enhancement on early postcontrast images may occur. 
Delayed enhancement of the central scar may occasion- 
ally be observed [1], and is more typical of large tumors. 
Delayed enhancement of the central scar on postgado- 
linium images is apparent in larger tumors, and this 
enhancement pattern is typical for fibrous tissue in 
general (see fig. 4.52). The central scar may represent 
compressed contiguous cyst walls of centrally located 
cysts. 



Macrocystic serous cystadenomas (fig. 4.53) exhibit 
distinctly different macroscopic features from microcys- 
tic lesions and may pose diagnostic difficulties for both 
radiologist and pathologist. A computed tomography 
study evaluating these tumors misinterpreted all five 
cases as mucinous cystic neoplasms or pseudocysts. 
Microcystic and macrocystic serous tumors represent 
morphologic variants of the same benign pancreatic 
neoplasm [71, 72]. They are well demarcated tumors. 
They have high signal intensity on T2-weighted images 
and low signal on Tl-weighted images. They may be 
multilocular, oligolocular or unilocular. The cyst wall 
and septations demonstrate progressive mild to moder- 
ate enhancement on postgadolinium Tl-weighted 
images. The central scar is usually absent. 
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Fig. 4.51 Pancreatic carcinoid tumor. Immediate postgadolinium fat-suppressed Tl -weighted gradient-echo (a) and 90-s 
postgadolinium fat-suppressed Tl-weighted 3D gradient-echo (b, c) images from one patient show a large mass arising from the 
head of the pancreas (arrow, a). The mass enhances in a diminished fashion on immediate postgadolinium image (a), and "a" 
pancreatic tumor and a large mesenteric mass (arrow, c) are shown on interstitial-phase images. The presence of an associated large 
mesenteric mass is typical for carcinoid tumors. Lack of pancreatic duct dilation and atrophy of the body of the pancreas in the 
setting of a large pancreatic head mass are typical of a neuroendocrine tumor and not consistent with pancreatic ductal cancer. 

Tl-weighted postgadolinium late hepatic arterial phase fat-suppressed 3D-GE (d, e) and hepatic venous phase fat-suppressed 
3D-GE (/") images at 3.0 T demonstrate a carcinoid tumor in another patient. The carcinoid tumor (white arrows, d,f), which shows 
intense heterogeneous enhancement, is located in the pancreatic body. There are also hypervascular metastases (black arrows, d-f) 
in the liver. Note that there is a liver cyst in the left lobe of the liver. 
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Fig. 4.52 Serous cystadenoma. T2-weighted SS-ETSE (a), fat-suppressed Tl-weighted gradient-echo (£>), and immediate (c) and 
interstitial-phase (d) postgadolinium fat-suppressed Tl-weighted gradient-echo images demonstrate a cystic mass in the pancreatic 
head. The lesion is well defined and low in signal intensity in a background of high-signal-intensity pancreas. On the T2-weighted 
image (a), definition of fine septations (black arrows, a) within the cystic mass (white arrows, a) reveals that the cysts are <lcm 
in diameter. The serous cystadenoma is high in signal intensity on T2-weighted images (a), reflecting their high fluid content. 

T2-weighted SS-ETSE (e), Tl-weighted SGE (/"), Tl-weighted fat-suppressed SGE (g), immediate postgadolinium Tl-weighted 
SGE (h), and 90-s postgadolinium fat-suppressed SGE (i) images in a second patient. There is a 6-cm multicystic mass (arrows, e) 
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Fig. 4.52 (Continued) arising in the pancreatic body with thin septations creating <2-cm cysts. The single-shot T2-weighted 
sequence (e) performs very well at defining the septations in cystic masses. A "beak sign" is demonstrated in the pancreas (arrows, 
g), best shown on the noncontrast Tl -weighted fat-suppressed (g) and immediate postgadolinium SGE (h) images, confirming that 
the mass originates from this organ. The septations enhance minimally on immediate postgadolinium images (h) with progressive 
enhancement on late images (/). 

T2-weighted ETSE (/'), Tl-weighted SGE (k), Tl-weighted fat-suppressed SGE (/), immediate postgadolinium Tl-weighted SGE 
(m), and 90-s postgadolinium fat-suppressed SGE (n) images in a third patient. An 8-cm serous cystadenoma is present in the head 
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Fig. 4.52 (Continued) of the pancreas, best shown on the single-shot T2-weighted sequence. There is a central scar, typical 
for serous cystadenoma, which enhances on late images (arrow, n), consistent with fibrosis. Serous cystadenomas occur predomi- 
nantly in women, as seen in these cases. The importance of the MR study is to differentiate this benign entity from mucinous 
cystadenomas that are potentially malignant. 





Fig. 4.53 Macrocystic serous cystadenoma. Tl-weighted SGE (a), T2-weighted SS-ETSE (£>), immediate postgadolinium Tl- 
weighted SGE (c), and 90-s postgadolinium fat-suppressed SGE (d) images. A 10-cm mass arises from the tail of the pancreas. The 
tumor is mildly hypointense with regions of hyperintensity on precontrast Tl-weighted images (a). Multiple septations are present 
throughout the mass, well shown on the breathing-independent T2-weighted image (b). Some of the cysts measure >2cm. 
Moderately intense enhancement of the septations is present on immediate (c) and 90-s id) postcontrast images. 
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Cystic pancreatic masses that contain cysts measur- 
ing less than 1 cm in diameter may represent microcystic 
cystadenoma or side branch type intraductal papillary 
mucinous tumor (IPMT), which can be difficult to dis- 
tinguish. The presence of a central scar is a feature 
distinguishing serous cystadenoma from side branch 
IPMT, which does not exhibit this finding. Definition of 
communication with the pancreatic duct on MRCP 
images establishes the diagnosis of side branch IPMT. 

Serous Cystadenocarcinoma 

This malignant pancreatic tumor is extremely rare. 
Distinction from benign serous cystadenoma is difficult 
on histologic grounds alone and may only be established 
by the presence of metastatic disease or local invasion. 
The presence of thick septations and solid components 
are suggestive signs for serous cystadenocarcinoma. 

Mucinous Cystadenoma / 
Cystadenocarcinoma 

Mucinous cystic neoplasms of the pancreas are charac- 
terized by the formation of large unilocular or multi- 
locular cysts filled with abundant, thick gelatinous 
mucin. Histopathologically these tumors are divided 
into benign (mucinous cystadenoma), borderline, and 
malignant (mucinous cystadenocarcinoma). However, 
at many institutions, all cases of mucinous cystic neo- 
plasms are interpreted as mucinous cystadenocarcino- 
mas of low-grade malignant potential to reinforce the 
need for complete surgical resection and close clinical 
follow up [70-75]. Mucinous cystic neoplasms occur 



more frequently in females (6 to 1), and approximately 
50% occur in patients between the ages of 40 and 60 
years [76]. These tumors usually are located in the body 
and tail of the pancreas. They may be large (mean 
diameter of 10 cm), often multiloculated, and encapsu- 
lated [74, 75]. Of these tumors, 10% may have scattered 
calcifications. There is a great propensity for invasion 
of local organs and tissues. 

On gadolinium-enhanced Tl -weighted fat- 
suppressed images, large, irregular cystic spaces sepa- 
rated by septa are demonstrated [1]. Cyst walls and 
septations are often thicker in mucinous cystadenocar- 
cinomas than those of mucinous cystadenomas. 
Mucinous cystadenomas are well circumscribed, and 
they show no evidence of metastases or invasion of 
adjacent tissues (fig. 4.54). Mucinous cystadenomas 
described pathologically as having borderline malignant 
potential may be very large, but may not show imaging 
or gross evidence of metastases or local invasion (fig. 
4.55). Histopathologically, these tumors show moderate 
epithelial dysplasia. Mucinous cystadenocarcinoma may 
be very locally aggressive malignancies with extensive 
invasion of adjacent tissues and organs (fig. 4.56). 
Absence of demonstration of tumor invasion into sur- 
rounding tissue does not, however, exclude malignancy. 
The presence of solid component is also suggestive of 
malignancy. The higher inherent soft-tissue contrast of 
MRI compared to CT imaging results in superior dif- 
ferentiation between microcystic and macrocystic cyst- 
adenomas because of sharp definition of cysts that 
permits evaluation of cyst size and margins [74]. 
Breathing-independent T2-weighted images are particu- 
larly effective at defining the cysts. 





Fig. 4.54 Mucinous (macrocystic) cystadenoma. T2-weighted SS-ETSE (a) and 90-s postgadolinium fat-suppressed Tl- 
weighed SGE (b) images. A well-defined cystic mass arises from the body and tail of the pancreas that is low in signal intensity on 
the Tl -weighted image (not shown) and high in signal intensity on the T2-weighted image (a) and demonstrates enhancement of 
septations on the postgadolinium Tl-weighted SGE image Qf). No evidence of tumor nodules, invasion of adjacent tissue, or liver 
metastases is appreciated. The uniform thickness of the septations is clearly defined on the breathing-independent SS-ETSE image 
(arrows, a). Mucinous cystadenoma is potentially a low-grade malignant neoplasm. 





Fig. 4.55 Mucinous cystadenoma with carcinoma in situ. 

Coronal T2-weighted SS-ETSE (a), Tl-weighted SGE (&), and 90-s 
postgadolinium fat-suppressed SGE (c) images. A multicystic mass 
involves the entire body and tail of the pancreas (a-c). Septations 
are well defined on the breathing-independent T2-weighted image 
(arrows, a). The moderate irregularity of the septations and the 
extent of tumor are features compatible with malignant changes. 
T2-weighted SS-ETSE (d) and 90-s postgadolinium fat- 
suppressed Tl-weighted SGE (e) images in a second patient dem- 
onstrate a mucinous cystadenocarcinoma in the body and tail 
(arrows, d, e). Dilatation of the CBD (long arrow, d) and intrahe- 
patic biliary tree are also present. 




Fig. 4.56 Mucinous cystadenocarcinoma. Immediate post- 
gadolinium Tl-weighted SGE image demonstrates a tumor arising 
from the tail of the pancreas (arrow) that contains thick septations 
and multiple large cysts. The tumor is locally aggressive and 
invades into the splenic hilum (not shown). 
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Mucin produced by these tumors may result in high 
signal intensity on Tl- and T2-weighted images of the 
primary tumor and liver metastases (figs. 4.57 and 4.58). 
Liver metastases are generally hypervascular and have 
intense ring enhancement on immediate gadolinium 
images. Metastases are commonly cystic and may 
contain mucin, which results in mixed low and high 
signal intensity on Tl- and T2-weighted images (see 
fig. 4.58). 

Intraductal Papillary Mucinous 
Neoplasms (Duct-Ectatic Mucin-Producing 
Tumor) 

Intraductal papillary mucinous neoplasms (IPMN) arise 
in the pancreatic duct epithelium. The lesions can rep- 
resent a spectrum of abnormalities from simple hyper- 
plasia to dysplasia, papillary adenoma and carcinoma. 



This spectrum of abnormalities may coexist. In general 
hyperplasia, dysplasia and adenoma may undergo 
malignant transformation and transform into carcinoma; 
however, these carcinomas have low grade malignan- 
cies. Hyperplastic, dysplastic or malignant epithelial 
lining proliferates and forms papillary projections that 
protrude into and expand the main pancreatic duct or 
side branch ducts. Duct obstruction is secondary to 
tenacious plugs of mucin, elaborated by the epithelium, 
or ductal compression by cystic masses [77]. Intraductal 
papillary mucinous neoplasms may be classified into 
main duct and side branch duct types. 

IPMN — Main Duct Type 

These tumors are rare. Main pancreatic duct involve- 
ment presents as diffuse ductal dilatation, copious 
mucin production, and papillary growth. These tumors 
are rare and typically malignant [78]. Clinically these 






Fig. 4.57 Mucinous cystadenocarcinoma. T2-weighted ETSE (a), Tl-weighted SGE (b), Tl-weighted fat-suppressed SGE (c), 
immediate postgadolinium Tl-weighted SGE (d), and 90-s postgadolinium fat-suppressed SGE (e) images. There is a large cystic 
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Fig. 4.57 (Continued) mass (arrow, a) arising from the pan- 
creatic body, which has a thickened and slightly irregular wall, 
which demonstrates increased enhancement (arrow, e) on inter- 
stitial-phase gadolinium-enhanced fat-suppressed images. The cyst 
is high in signal on Tl -weighted images (b, c), reflecting the pres- 
ence of high protein content from mucin. The cyst contains a 
smaller cystic structure (arrow, b). 

T2-weighted short-tau inversion recovery (STIR) (/") and 
hepatic venous phase fat-suppressed 3D-GE (g) images demon- 
strate mucinous cystadenocarcinoma in another patient. The 
lesion is a large cystic mass originating from the pancreatic tail. It 
has a complex structure containing thin septations and internal 
cystic structures (arrows, /, g). These internal cystic structures 
have low signal on T2-weighted image and intermediate signal on 
postgadolinium image because of their high protein content. 
While the internal cystic structures do not show appreciable 
enhancement, the wall of the large cyst shows enhancement. 



tumors may result in large volumes of mucin produc- 
tion, which can be appreciated by direct inspection at 
ERCP investigation. 

On MR images, a greatly expanded main pancreatic 
duct is demonstrated on T2-weighted images or MRCP 
images (fig. 4.59). Irregular-enhancing tissue along the 
ductal epithelium is appreciated on post-gadolinium 
images, confirming that underlying tumor is the cause 
of the ductal dilatation. Total resection is the treatment 
for this kind of tumor involving the whole main duct. 
Local resection may be sufficient for the treatment of 
tumors involving a segment of the main duct. 

IPMN— Side-Branch Type 

Intraductal papillary mucinous neoplasms involving 
predominantly side branch ducts appear as oval-shaped 
cystic masses in proximity to the main pancreatic duct. 
Septations are generally present, creating a cluster of 
grapes appearance. Side-branch type IPMN is usually 



a benign process that appears as a localized cystic 
parenchymal lesion. The majority of side-branch IPMN 
tumors are located in the head of the pancreas. Unlike 
the main branch type, side-branch IPMNs are not rare. 
MRCP images are able to show communication of the 
cystic tumor with the main pancreatic duct in the major- 
ity of cases (figs. 4.60 and 4.61) [73, 79-82]. Another 
feature distinguishing from microcystic cystadenoma is 
that central compacted septations are not present in 
IPMNs. 

Side-branch IPMNs which are less than 2.5 cm in 
size are usually benign and grow very slowly. In our 
clinical experience, these kind of side-branch IPMNs 
also pursue a very nonaggressive, indolent course. 
Annual repeat MRI studies may be the best approach 
to following these patients, compared to more interven- 
tional forms of diagnosis and therapy, especially in 
elderly patients. Unless these lesions appear to contain 
soft tissue stromal elements, grow rapidly or more 
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Fig. 4.58 Mucinous cystadenocarcinoma liver metastases. T2-weighted fat-suppressed spin-echo (a), Tl-weighted SGE (b), 
Tl -weighted fat-suppressed spin-echo (c), and immediate postgadolinium Tl-weighted SGE (d) images. Multiple metastases are 
present throughout the liver that are mixed low and high signal intensity on Tl-weighted (b, c) and T2-weighted (a) images. This 
appearance is consistent with the presence of mucin in these tumors. On the immediate postgadolinium image (d), enhancement 
of the walls of the cysts is appreciated. 





Fig. 4.59 Intraductal papillary mucin secreting neoplasm — main duct type. T2-weighted echo-train spin-echo (a), thick- 
slab MRCP (£>), immediate postgadolinium fat-suppressed SGE (c), and interstitial-phase gadolinium-enhanced fat-suppressed 
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Fig. 4.59 (Continued) SGE (d) images. There is massive dila- 
tation of the entire main pancreatic duct (arrows, b), which is well 
shown on the T2-weighted sequence (a) and MRCP (£>). Enhancing 
tumor stroma is appreciated on the postcontrast images (c, d), 
with progressive enhancement on the later interstitial-phase 
images (d). (Courtesy of Masayuki Kanematsu, M.D., Gifu 
University School of Medicine, Japan.) 

T2-weighted SS-ETSE (e), fat-suppressed T2-weighted SS-ETSE 
(/"), and interstitial phase post-gadolinium fat-suppressed Tl- 
weighted gradient echo (g) images in a second patient with main 
duct type intraductal papillary mucin secreting neoplasm demon- 
strate similar findings. 
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Fig. 4.60 Intraductal papillary mucin-secreting neoplasm — side-branch type. Coronal T2-weighted SS-ETSE (a), thick- 
section MRCP (b>), and interstitial-phase gadolinium-enhanced fat-suppressed SGE (c) images in a patient with branch-type intraductal 
mucin-producing papillary neoplasm. There are clusters of multiple small cysts (arrow, a) in the pancreatic body, which 
exhibit communication with the main pancreatic duct. Communication with the main duct is well shown on the MRCP image. No 
apparent tumor stroma (arrow, c) is appreciated on postgadolinium images. Branch duct type tumor usually shows cystic paren- 
chymal lesions and tends to be less aggressive than the main ductal type. (Courtesy of Masayuki Kanematsu, M.D., Gifu University 
School of Medicine, Japan.) Coronal (d) and axial (e) T2-weighted SS-ETSE, fat-suppressed Tl-weighted gradient-echo (/"), and 
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Fig. 4.60 (Continued) immediate (g) and interstitial-phase Qf) postgadolinium fat-suppressed Tl-weighted gradient-echo images 
in a second patient with side-branch IPMT demonstrate similar findings. 



than 2.5 cm in size, resection may need to be 
contemplated. 

Solid and Papillary Epithelial Neoplasm 
(Papillary Cystic Neoplasm) 

These tumors are generally considered benign neo- 
plasms, with occasional examples exhibiting low-grade 
malignant potential. Solid and papillary epithelial neo- 
plasms occur most frequently in women between 20 
and 30 years of age [83]. The gross appearance of 
tumors is an encapsulated mass, which on cut surface 
reveals areas of hemorrhage, necrosis, and cystic spaces. 
The capsule and inner portion of tumor may contain 
calcifications. MRI findings of solid and papillary epi- 
thelial neoplasms are virtually diagnostic in the appro- 
priate clinical setting. The MR appearance is a large, 
well-encapsulated mass, which demonstrates focal sig- 
nal-void calcification and regions of hemorrhagic degen- 
eration (as evidenced by fluid-debris levels or signal 
intensities consistent with blood products). A mass with 
this appearance, discovered in a young female patient, 
is virtually diagnostic for this entity [84]. A report describ- 
ing the MRI appearance of solid and papillary epithelial 
neoplasms found that all tumors were well-demarcated 
lesions that contained central high signal intensity on 
Tl-weighted images [83]. This central high signal inten- 
sity corresponds to hemorrhagic necrosis. The presence 
of hemorrhage may be related to tumor size because 
smaller tumors may appear heterogeneous but may not 
be overtly hemorrhagic (fig. 4.62). 

Lymphoma 

Non-Hodgkin lymphoma may involve peripancreatic 
lymph nodes or may directly invade the pancreas 



[85]. Intermediate-signal-intensity peripancreatic lymph 
nodes are distinguished from high-signal-intensity 
normal pancreas on Tl-weighted fat-suppressed images. 
Invasion of the pancreas is shown by loss of the normal 
high signal intensity of the pancreas on Tl-weighted 
fat-suppressed images (fig. 4.63). 

Burkitt lymphoma has a particular propensity to 
involve organs and structures within the abdominal 
cavity, including bowel, gallbladder, peritoneum, and 
pancreas (see fig. 4.63). 

Metastases 

Involvement of the pancreas by metastatic tumor may 
be the result of spread by direct extension or hematog- 
enous metastases. Direct invasion by the extension of 
cancers arising in neighboring organs is common, par- 
ticularly carcinoma of the stomach or transverse colon. 
Hematogenous metastases may occur with carcinomas 
of the lung, breast, and kidney and malignant mela- 
noma. The MRI appearance of renal cell carcinoma 
metastases to the pancreas has been described as diffuse 
micronodular, multifocal, and solitary metastatic depos- 
its [86]. Metastases are low in signal intensity on Tl- 
weighted images and high in signal intensity on 
T2-weighted images. Small metastases (<lcm in diame- 
ter) enhance uniformly on immediate postgadolinium 
gradient-echo images, and larger metastases enhance in 
a ring fashion (fig. 4.64). This appearance is analogous 
to the appearance of hypervascular metastases to the 
liver and reflects the pathophysiology of parasitization 
of host blood supply by metastatic disease. Renal cancer 
metastases resemble the appearance of islet cell tumors. 
Clinical history of renal cancer, even if remote, is essen- 
tial to obtain in order to establish the correct diagnosis. 
Metastases from other primary tumors generally appear 
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Fig. 4.61 Side-branch IPMN. Coronal (a) and axial (b) T2-weighted SS-ETSE, fat-suppressed Tl -weighted gradient-echo (c) and 
immediate postgadolinium Tl -weighted gradient-echo (d) images in a patient with side-branch IPMT demonstrate a 3-cm multilocu- 
lar cystic mass in the pancreatic head. The lesion does not enhance after gadolinium administration (d). 

T2-weighted SS-ETSE (e), fat suppressed Tl -weighted gradient-echo (/"), immediate postgadolinium fat-suppressed Tl -weighted 
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Fig. 4.61 (Continued) gradient-echo (g), and MRCP (h) images in a second patient with side-branch IPMT. There is a multicystic 
mass in the pancreatic head. Thin-section MRCP image shows that the cystic mass communicates with the main pancreatic duct 
(arrow, h), consistent with a side-branch IPMT. No enhancement of the cystic mass is appreciated on postgadolinium images (g). 
Coronal T2-weighted single-shot echo-train spin-echo (i), transverse fat-suppressed single-shot echo-train spin-echo (/'), trans- 
verse Tl-weighted SGE (&), and transverse Tl-weighted postgadolinium hepatic arterial dominant phase fat-suppressed 3D-GE (/) 
images at 3.0 T demonstrate a small septated cystic structure (arrows, i-f) in the pancreatic head in another patient. The diagnosis 
is consistent with side-branch IPMN. 
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Fig. 4.62 Solid and papillary epithelial neoplasm. T2-weighted fat-suppressed spin-echo (a), Tl-weighted fat-suppressed 
SGE (b), immediate postgadolinium Tl-weighted fat-suppressed SGE (c), and 90-s postgadolinium fat-suppressed SGE (d) images. A 
4-cm tumor mass arises from the tail of the pancreas that is low in signal intensity on the Tl-weighted image (arrow, b) and het- 
erogeneous on the T2-weighted image (a), enhances negligibly on the immediate postgadolinium Tl-weighted SGE image (c), and 
shows heterogeneous enhancement on the interstitial-phase image (d).This rare low-grade malignant tumor is more frequent in 
young females and is typically located in the tail of the pancreas. MRI may be useful in these lesions by showing cystic degenera- 
tion and hemorrhagic necrosis, which are characteristic of this entity. (Courtesy of Caroline Reinhold, MD, Dept. of Radiology, 
McGill University.) 
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Fig. 4.62 (Continued) Coronal T2-weighted single-shot echo-train spin-echo (e), coronal Tl-weighted SGE (/"), transverse T2- 
weighted fat-suppressed single-shot echo-train spin-echo (g), transverse Tl-weighted out-of-phase SGE Qf), transverse fat-suppressed 
Tl-weighted SGE (i), and transverse postgadolinium hepatic arterial dominant (/') and hepatic venous phase (&, /) fat-suppressed 
3D-GE images in a young pregnant patient with solid and papillary tumor of the pancreas. The tumor (short arrows, e,f) is originating 
from the tail of the pancreas (open arrows, e,f) and depresses the whole pancreas (white long arrows, e,f) inferomedially. The 
tumor is well demarcated and compresses the left kidney (white arrow, g) and the spleen (white arrow, h). The tumor is very het- 
erogeneous. It contains central hemorrhage which demonstrates high signal intensity on out-of-phase (h) and fat-suppressed (/) Tl- 
weighted SGE images and heterogeneous low signal intensity on T2-weighted images (e, g). The tumor also contains cystic and necrotic 
regions, which show markedly high signal on T2-weighted images (e, g). The solid components of the tumor demonstrate intermedi- 
ate to moderately high signal on T2-weighted images (e, g) and low signal on Tl-weighted images (f, b, f). The tumor shows mild 
enhancement on postgadolinium images (j, &). Note that there are large varices in and around the stomach, and in the splenic hilum 
due to splenic vein thrombosis. There is an aliasing artifact at the center of transverse Tl-weighted images due to the use of parallel 
imaging. Edema is also detected on the left and posterior body wall (g). 




Fig. 4.63 Lymphoma. Tl-weighted fat-suppressed spin-echo image (a) demonstrates replacement of the majority of the pan- 
creas with intermediate-signal ill-defined lymphomatous tissue. The ventral portion of the pancreatic head is spared (arrow, a). 
(Reproduced with permission from Semelka RC, Shoenut JP, Kroeker MA, Micflikier AB. The Pancreas. In: Semelka RC, Shoenut JP. 
MRI of the Abdomen with CT Correlation. New York: Raven Press, p. 59-76, 1993) 

Coronal T2-weighted SS-ETSE (£>), Tl-weighted SGE (c), immediate postgadolinium Tl-weighted SGE (d), and 90-s postgado- 
linium fat-suppressed SGE (e) images in a second patient, who has Burkitt lymphoma. A 10-cm mass (arrow, b, c) involves the 
pancreatic body and tail, which is mildly hypointense in signal intensity on both Tl (c> and T2 (£>)-weighted images and enhances 
minimally on early (d) and late (e) postgadolinium images. 
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Fig. 4.63 (Continued) Coronal T2-weighted SS-ETSE (/"), immediate postgadolinium SGE (g), and 90-s postgadolinium fat- 
suppressed SGE (h) images in a third patient who has non-Hodgkin lymphoma. A large mass is present in the mesentery, which 
involves the pancreas as well. Mild enhancement of the mesenteric tumor and tumor involving the pancreatic head (arrow, g) is 
present on early (g) and late Qf) postgadolinium images. As these cases illustrate, lymphoma typically exhibits mild enhancement 
on early and late postcontrast images. 



as focal pancreatic masses that are mildly hypointense 
on Tl -weighted images, moderately hypointense on 
Tl -weighted fat-suppressed images, and mildly hyper- 
intense on T2-weighted images. Metastases to the pan- 
creas often enhance in a ring fashion (figs. 4.65 and 
4.66), as observed with liver metastases, and their extent 
of enhancement generally varies with the angiogenic 
properties of the primary neoplasms. Ductal obstruction 
is uncommon, even with larger tumors, which is an 
important feature distinguishing from pancreatic ductal 
adenocarcinoma. The lack of ductal obstruction explains 
why metastases are generally well seen on noncontrast 
Tl-weighted fat-suppressed images. Chronic pancreati- 
tis that arises secondary to ductal obstruction is not 
present, and therefore background pancreas is moder- 
ately high signal intensity, creating sharp contrast with 
hypointense tumors. 

Melanoma metastases may be high in signal inten- 
sity on Tl-weighted images because of the paramag- 
netic properties of melanin pigment (fig. 4.67) [1]. 
Metastatic deposits tend to be focal, well-defined masses 
(figs. 4.68-4.70). 



INFLAMMATORY DISEASE 

Pancreatitis 

Pancreatitis may occur secondary to chronic alcoholism, 
gallstones, hypercalcemia, hyperlipoproteinemia, blunt 
abdominal trauma, penetrating peptic ulcer disease, 



viral infections (most frequently Epstein-Barr), and 
certain drugs [87]. Pancreatitis can also be hereditary 
and predisposition may be inherited as an autosomal 
dominant trait [88]. 

Acute Pancreatitis 

Acute pancreatitis is defined as an acute inflammatory 
condition typically presenting with abdominal pain and 
associated with elevations in pancreatic enzymes (par- 
ticularly amylase and lipase). Acute pancreatitis arises 
in the majority of cases secondary to alcoholism or 
cholelithiasis [87]. Alcohol-related acute pancreatitis 
most frequently results in acute recurrent pancreatitis, 
whereas gallstone-related pancreatitis typically results in 
a single attack (fig. 4.71). The passage of biliary sludge 
may also cause acute pancreatitis [89]. At least 95% of 
patients with acute pancreatitis experience severe mide- 
pigastric pain that radiates to the back. Nausea and 
vomiting occur in 75-85% of patients, and fever occurs 
in approximately 50%. 

Acute pancreatitis results from the exudation of 
fluid containing activated proteolytic enzymes into the 
interstitium of the pancreas and leakage of this fluid 
into surrounding tissue. Trypsin is suspected to be the 
primary enzyme involved in the coagulative necrosis. 
Pathologically, acute pancreatitis is characterized by a 
spectrum of morphologic features, which may be patchy 
or diffuse. In mild cases, edema predominates, produc- 
ing so-called edematous or interstitial pancreatitis. There 
is scattered peripancreatic fat necrosis without paren- 
chymatous or acinar necrosis. In severe cases, extensive 




Fig. 4.64 Pancreatic metastases from renal cancer. Tl-weighted fat-suppressed spin-echo (a) and immediate postgadolinium 
Tl -weighted SGE (b) images demonstrate a 3-cm mass in the distal body of the pancreas (arrow, a, &).The uninvolved tail of the pan- 
creas has a normal high signal intensity (small arrow, a, b). Multiple liver metastases are present that demonstrate predominant rim 
enhancement on the immediate postgadolinium image (£>). Multiple renal cancers are present (black arrow, b, only one lesion shown). 

Tl-weighted SGE (c) and interstitial-phase gadolinium-enhanced Tl-weighted fat-suppressed spin-echo (d) images of the body 
of the pancreas and immediate postgadolinium Tl-weighted SGE image (e) in a second patient. Three metastases are present in the 
body of the pancreas (arrows, d) that are low in signal intensity on the precontrast Tl-weighted SGE image (c) and enhance uni- 
formly and with moderate intensity on the interstitial-phase gadolinium-enhanced image (d). A larger 3-cm metastasis is present in 
the head of the pancreas that demonstrates rim enhancement on the immediate postgadolinium image (arrow, e). 

Immediate postgadolinium Tl-weighted SGE image (/") in a third patient demonstrates multiple micronodular metastases to the 
pancreas <5 mm, which enhance uniformly and intensely on the immediate postgadolinium image (small arrows, /). The renal 
cancer is also shown (arrow, /). (Reproduced with permission from Kelekis NL, Semelka RC, Siegelman ES: MRI of pancreatic 
metastasis from renal cell cancer./ Comput Assist Tomogr 20: 249-253, 1996.) Renal cell cancer is among the most common meta- 
static lesions to the pancreas. 
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Fig. 4.65 Pancreatic metastasis from transitional cell cancer. T2-weighted ETSE (a), Tl-weighted SGE (£>), Tl-weighted 
fat-suppressed SGE (c), immediate postgadolinium Tl-weighted SGE (d), and 90-s postgadolinium fat-suppressed SGE (e) images in 
a patient with recurrent transitional cell cancer, originally from the left kidney. There is a cystic mass (arrow, a) that involves the 
pancreatic tail and the left adrenal gland (curved arrow, a). A thick enhancing rim is demonstrated on the interstitial-phase gado- 
linium-enhanced fat-suppressed image. Interstitial-phase gadolinium-enhanced fat-suppressed SGE image (/") obtained after a course 
of chemotherapy demonstrates substantial decrease in size of the cystic mass. 
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Fig. 4.66 Pancreatic metastasis from colon cancer. 

Tl-weighted SGE (a), immediate postgadolinium Tl-weighted 
SGE Qf), and 90-s postgadolinium fat-suppressed SGE (c) images 
in a patient with colon cancer with liver metastases (not 
shown). There is a 3.5-cm lobulated mass (arrow, a) in the 
pancreatic head. The tumor appears hyperintense on T2 (not 
shown) and hypointense on Tl-weighted image (a) and shows 
heterogeneous mild enhancement on early (b) and late (c) 
postgadolinium images. 





Fig. 4.67 Pancreatic metastasis from melanoma. 

Tl-SGE image demonstrates a high-signal intensity mass in the 
tail of the pancreas (arrow). The high signal intensity of the 
mass is due to the paramagnetic effect of melanin. (Reproduced 
with permission from Semelka RC, Ascher SM: MRI of the 
pancreas— state of the art. Radiology 188: 593-602, 1993.) 



pancreatic and peripancreatic fat necrosis, parenchymal 
necrosis, and hemorrhage occur. In its most devastating 
form, severe acute pancreatitis may produce an organ 
that resembles oily mud, where degenerative tissue, fat, 
and hemorrhage congeal [90]. 



The signal intensity features of the pancreas in 
uncomplicated mild acute pancreatitis resemble those 
of normal pancreatic tissue. The pancreas is high in 
signal intensity on precontrast Tl-weighted fat-sup- 
pressed images and enhances in a normal uniform 
fashion on immediate postgadolinium images, reflecting 
a normal capillary blush (fig. 4.72). The acutely inflamed 
pancreas shows either focal or diffuse enlargement, 
which may be subtle. Peripancreatic fluid is well shown 
on noncontrast or immediate postgadolinium non-fat- 
suppressed gradient-echo images and appears as low- 
signal-intensity strands of fluid or fluid collections in a 
background of high-signal-intensity fat. T2-weighted 
single-shot echo-train spin-echo imaging employing fat 
suppression is the most sensitive technique for showing 
small-volume peripancreatic fluid, which appears as 
high signal in a background of intermediate- to low- 
signal pancreas and low-signal fat (see fig. 4.72). As a 
result, MRI is sensitive for the detection of subtle 
changes of acute pancreatitis, particularly minor peri- 
pancreatic inflammatory changes even in the setting of 
a morphologically normal pancreas. CT imaging exami- 
nations appear normal in 15-30% of patients with clini- 
cal features of acute pancreatitis [91]. The sensitivity of 
MRI exceeds that of CT imaging, suggesting a role 
for MRI in the evaluation of patients with suspected 




(g) 






Fig. 4.68 Pancreatic metastasis from lung cancer. Coronal (a, b) and transverse (c) T2-weighted SS-ETSE, immediate post- 
gadolinium Tl-weighed SGE (d), and 90-s postgadolinium fat-suppressed SGE (e,f) images in a patient with small cell lung cancer. 
Multiple masses (arrows, a, b) are present throughout the pancreas that are mildly hyperintense on T2 (a-c) and enhance minimally 
on early (d) and late (e,/) postgadolinium images. 

T2-weighted single-shot echo-train spin-echo (g), Tl -weighted fat-suppressed SGE (h), Tl -weighted postgadolinium hepatic 
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Fig. 4.68 (Continued) arterial dominant phase (/), and hepatic venous phase (/') fat-suppressed 3D-GE images at 3.0 T demon- 
strate a metastatic lesion (white long arrows, g, i, 7) located in the pancreas in another patient with squamous cell lung cancer. 
The lesion shows peripheral enhancement on postgadolinium images. Note that there are also hypovascular liver metastasis (black 
arrow, i,j), peritoneal metastatic nodule (open arrow, g,j) and left adrenal corpus thickening (white short arrow, g-j). Lung cancer 
is among the most common primary tumors that metastasize to the pancreas. 





Fig. 4.69 Pancreatic metastasis from breast cancer. Immediate postgadolinium Tl-weighted SGE (a, b), 45-s postgadolinium 
SGE (c), and interstitial-phase gadolinium-enhanced SGE (d) images demonstrate multiple <l-cm hypointense metastases (arrow, a, 
b) in the pancreatic head and body. Note ring enhancement of the metastases on the post contrast images (arrows, c, d). 
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Fig. 4.70 Pancreatic metastasis from Merkel cell cancer. Tl -weighted SGE (a), Tl -weighted fat-suppressed SGE (£>), imme- 
diate postgadolinium Tl-weighted SGE (c), and 90-s postgadolinium fat-suppressed SGE (d) images in a patient with pancreatic 
metastasis (arrow, b) from a primary neuroendocrine cancer of the skin (Merkel cell carcinoma). There is a well-defined 6-cm mass 
in the head of the pancreas that is hypointense on Tl-weighted images (a, b) and enhances minimally on early (c) postcontrast 
images, with progressive enhancement on late images (d). Distant metastasis occurs in one-third of patients with Merkel cell 
cancers. 



acute pancreatitis and negative CT imaging examina- 
tion. As the extent of pancreatitis becomes more severe, 
the pancreas develops a heterogeneous appearance 
on pre-contrast Tl-weighted fat-suppressed images 
and enhances in a more heterogeneous, diminished 
fashion on immediate postgadolinium images (figs. 4.73 
and 4.74). 

The percentage of pancreatic necrosis has been 
considered an important prognostic indicator in patients 
with acute pancreatitis [92, 93]. Dynamic gadolinium- 
enhanced gradient-echo images may be useful for this 
determination because MRI is very sensitive for the 
demonstration of the presence or absence of gadolin- 



ium enhancement. Saifuddin et al. [94] described com- 
parable results for dynamic contrast-enhanced CT 
images and immediate postgadolinium gradient-echo 
images for determining the presence of pancreatic 
necrosis. Complications of acute pancreatitis such as 
hemorrhage, pseudocyst formation, or abscess are 
clearly shown on MRI (figs. 4.75-4.77). Hemorrhagic 
fluid collections are high in signal intensity on Tl- 
weighted fat-suppressed images, and depiction of 
hemorrhage is superior on MR images compared to CT 
images. Martin et al. [95] demonstrated correlation 
between the extent of high signal on noncontrast 
Tl-weighted fat-suppressed SGE and severity of acute 
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Fig. 4.71 Mild acute gallstone pancreatitis. Coronal (a) 
and transverse (b) T2-weighted ETSE, MRCP (c), Tl-weighted SGE 
(d), and immediate postgadolinium Tl-weighted SGE (e) images. 
Three stones are seen in the mildly dilated CHD and CBD (arrows, 
a, b, c), and multiple small stones are present in the gallbladder 
(large arrow, b). The pancreas is enlarged slightly and diffusely 
(arrow, d) with ill-defined margins and a minimal volume of sur- 
rounding fluid. Passage of calculi through the biliary tree is a 
common cause of single episodes of acute pancreatitis, which, as 
in this case, is generally of mild severity. 
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Fig. 4.72 Mild pancreatitis. Fat-suppressed T2-weighted SS- 
ETSE images (a), fat-suppressed Tl weighted gradient-echo (b), 
and immediate postgadolinium Tl -weighted gradient-echo (c) 
images in a patient with mild acute pancreatitis demonstrate a thin 
layer of peripancreatic fluid that is best seen on fat-suppressed 
T2-weighted images (arrows, a). The signal intensity of the pan- 
creas is normal on fat-suppressed Tl -weighted (£>) and immediate 
postgadolinium Tl -weighted (c) images. 

T2-weighted SS-ETSE (d), Tl-weighted SGE (e), Tl-weighted 
out-of-phase SGE (/"), Tl-weighted fat-suppressed SGE (g), 





(/) 






Fig. 4.72 (Continued) immediate postgadolinium SGE (If), and 90-s postgadolinium fat-suppressed SGE (i) images in a second 
patient. 

The pancreas is minimally and diffusely enlarged with subtle loss of lobulated contour. The pancreas is normal in signal on 
noncontrast Tl -weighted fat-suppressed images (g) and enhances normally on immediate postgadolinium images (h). The appear- 
ance is essentially that of normal pancreas, but clinical history and mildly elevated serum amylase were diagnostic for an episode 
of pancreatitis. 

T2-weighted fat-suppressed SS-ETSE (/') and early postgadolinium single-shot magnetization-prepared gradient-echo (k) images 
in a third patient demonstrate mild diffuse enhancement of the pancreas and a thin film of peripancreatic fluid surrounding the 
pancreas (small arrows, j, k) and throughout the interstices of the marbled pancreatic parenchyma. Fat-suppressed breathing- 
independent single-shot T2-weighted sequences are very effective at showing small volumes of fluid, as surrounding fat and pancreas 
are both low signal and only fluid will be high signal (j). This case is also noteworthy in that image quality is reasonable despite 
the fact that the patient was very ill and a noncooperative MR imaging protocol was employed, which uses only breathing-inde- 
pendent single-shot images. 

T2-weighted fat-suppressed single-shot echo-train spin-echo (/), Tl-weighted SGE (m), Tl-weighted postgadolinium hepatic 
arterial dominant phase SGE (n), and Tl-weighted interstitial phase fat-suppressed 3D-GE (o) images demonstrate mild focal 








(o) 





(p) 



(ci) 





to 



to 



Fig. 4.72 (Continued) pancreatitis located in the pancreatic head in another patient. Focal pancreatitis (arrows, /, m) shows 
high signal on T2-weighted image (/) and low signal on Tl-weighted SGE image (rn). The pancreatic head is enlarged. There is 
minimal free fluid (open arrows, /) adjacent to the pancreatic head. The lesion (arrows, n, o) shows progressive enhancement on 
postgadolinium images (n, o). Additionally, the liver shows heterogeneous transient enhancement on the hepatic arterial dominant 
phase image due to associated inflammation. The remaining pancreatic parenchyma shows normal signal and enhancement pattern. 
The lesion can be differentiated from malignancies because it does not cause common bile duct compression although it encircles 
the common bile duct. 

T2-weighted fat-suppressed single-shot echo-train spin-echo (/?), Tl-weighted fat-suppressed SGE (q), Tl-weighted hepatic arte- 
rial dominant phase (r), and hepatic venous phase (s) fat-suppressed 3D-GE images in the same patient with focal pancreatitis show 
the progression of the disease to severe pancreatitis. The pancreas is enlarged, and there is abundant free fluid (arrows, p) in the 
peripancreatic region extending into bilateral anterior pararenal space, perihepatic space, and lesser sac. The signal of pancreas is 
less than normal on Tl-weighted SGE image (q). The enhancement of the pancreas is less than normal on postgadolinium images 
(r, s). 
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Fig. 4.73 Moderately severe acute pancreatitis. Tl-weighted SGE (a), Tl-weighted fat-suppressed spin-echo (£>), and immedi- 
ate postgadolinium Tl-weighted SGE (c) images. The pancreas is diffusely enlarged (a-c). The signal intensity of the pancreas is 
heterogeneous on the Tl-weighted fat-suppressed image (£>), which suggests a decrease in the proteinaceous fluid content within 
the acini of the pancreas. Signal-void fluid is shown surrounding the body and tail of the pancreas on the immediate postgadolinium 
image (arrows, c).The intensity of pancreatic enhancement is less than normal for pancreas on the capillary-phase image (c). 

Tl-weighted SGE (d), Tl-weighted fat-suppressed SGE (e), and immediate postgadolinium Tl-weighted SGE (/") images in a 
second patient. Peripancreatic fluid is well shown as low-signal intensity stranding in the high-signal intensity fat on the Tl-weighted 
SGE image (arrows, d).The anterior portion of the head of the pancreas is lower in signal intensity on the precontrast fat-suppressed 
image (e) and enhances less (arrows, /) on immediate postgadolinium images (/"), reflecting more severe changes of pancreatitis. 
Relative sparing of either anterior or posterior portions of the head of the pancreas is not uncommon because of separate pancreatic 
ductal systems. Despite the focal nature of the diminished enhancement of the dorsal head of the pancreas, there is lobular archi- 
tecture similar to that of the ventral pancreatic head. A pancreatic neoplasm would not exhibit lobular architecture. 
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Fig. 4.73 (Continued) Severe acute pancreatitis. T2-weighted fat-suppressed single-shot echo-train spin-echo (g), Tl-weighted 
fat-suppressed SGE (h), and Tl-weighted hepatic arterial dominant phase fat-suppressed 3D-GE (i, j) images at 3.0T demonstrate 
severe pancreatitis in another patient. The pancreas is diffusely enlarged and there is abundant free fluid (arrows, g) in the perihe- 
patic space, bilateral anterior pararenal spaces, lesser sac, and left paracolic gutter. The pancreas shows diminished signal on Tl- 
weighted SGE image (h). The enhancement of the pancreas is less than normal on postgadolinium images. The gallbladder wall 
(open arrow, g) is also thickened and edematous. The gallbladder wall, particularly the mucosa, (open arrow, i) shows intense 
enhancement on postgadolinium image (/). The stomach wall (curved arrow, g) is also thickened and edematous. There are regions 
of heterogeneous enhancement in the liver as well. Associated cholecystitis, gastritis, and inflammation in the liver are not uncom- 
mon in the presence of pancreatitis. 



pancreatitis, where high signal correlated with hemor- 
rhagic changes. Simple pseudocysts are low in signal 
intensity or signal void in a background of normal- 
signal-intensity pancreatic tissue on both noncontrast 
non-fat-suppressed gradient-echo and Tl-weighted fat- 
suppressed gradient echo images (figs. 4.77-4.80). 
Extrapancreatic pseudocysts are well shown on breath- 



hold gradient-echo images because of high contrast 
with high-signal-intensity fat. Image acquisition in mul- 
tiple planes permits determination of pseudocyst loca- 
tion in relation to various organs and structures (see fig. 
4.79). Pseudocyst walls enhance minimally on early 
postgadolinium images and show progressively intense 
enhancement on 5-min postcontrast images, consistent 
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Fig. 4.74 Moderate pancreatitis with more severe 
involvement of the pancreatic head. Fat-suppressed T2- 
weighted SSETSE (a), fat-suppressed Tl-weighted gradient-echo 
(b, c), and immediate (d) and interstitial-phase (e) postgadolinium 
fat-suppressed Tl-weighted gradient-echo images in a patient with 
acute pancreatitis. The pancreas is mildly enlarged and demon- 
strates heterogeneous signal, which is slightly decreased on Tl- 
weighted images (b, c) and increased on T2-weighted images (a). 
There is a sharp delineation in signal differences between the 
pancreatic body and head. The appearance suggests more severe 
pancreatitis in the pancreatic head. 




with the appearance of fibrous tissue. Simple pseudo- 
cysts are relatively homogeneous and high in signal 
intensity on T2 -weighted images. Pseudocysts compli- 
cated by necrotic debris, hemorrhage, or infection are 
heterogeneous in signal intensity on T2-weighted 
images [94]. Proteinaceous fluid tends to layer in a 
gradation of concentration with low-signal-intensity 



concentrated proteinaceous material in the dependent 
portion of the cyst. Necrotic material may appear as 
irregularly shaped regions of low signal intensity in 
the pseudocyst (see fig. 4.80) [96]. This information 
may provide both therapeutic and prognostic informa- 
tion because pseudocysts that contain necrotic material 
may not respond to simple percutaneous drainage 
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Fig. 4.75 Hemorrhagic pancreatitis. Contrast-enhanced 
spiral CT (a), Tl-weighted SGE (b), Tl-weighted fat-suppressed 
SGE (c), T2-weighted SS-ETSE (d), and immediate postgadolinium 
Tl-weighted SGE (e) images. The CT image demonstrates an 
enlarged pancreas with free fluid along its anterior margin, find- 
ings consistent with acute pancreatitis. On the Tl-weighted SGE 
image (b), the fluid collections are noted to be hyperintense, 
which is accentuated on the fat-suppressed image (arrows, c). 

The fluid is low in signal on the T2-weighted image (d) and 
therefore possesses the signal characteristics of intracellular met- 
hemoglobin in acute blood. The pancreas enhances relatively uni- 
formly on the immediate postgadolinium image, reflecting the 
absence of pancreatic necrosis (e). A collapsed acutely inflamed 
gallbladder (arrow, e) is present, in which a cholecystostomy 
catheter was placed (small arrow, c, e). 



and thus require open debridement. Breathing- 
independent T2-weighted sequences such as single-shot 
echo-train spin echo may be useful to evaluate these 
pseudocyst collections, not only because they are the 
most effective at demonstrating the complexity of fluid 
but also because many of these patients are very debili- 
tated and unable to cooperate with breath-holding 
instructions. 



Chronic Pancreatitis 

Chronic pancreatitis is defined pathologically by con- 
tinuous or relapsing inflammation of the organ leading 
to irreversible morphologic injury and typically leading 
to impairment of function. Chronic pancreatitis is 
acquired either as a disease process distinct from acute 
pancreatitis or as a complication of repeated attacks of 
acute pancreatitis. There is a strong association between 



640 



Chapter 4 PANCREAS 





Fig. 4.76 Hemorrhagic pancreatitis. Axial fat-suppressed T2-weighted SS-ETSE (a), Tl -weighted gradient-echo (£>), immediate 
postgadolinium Tl -weighted gradient-echo (c), and interstitial-phase postgadolinium Tl -weighted gradient-echo (d) images in a 
patient with acute pancreatitis. The pancreas demonstrates diffuse hypoenhancement on immediate postgadolinium images, reflect- 
ing severe disease. The fluid surrounding the pancreas is hyperintense on Tl (arrows, b) and hypointense on T2-weighted images. 
This appearance is consistent with intracellular methemoglobin seen in subacute hemorrhage. T2-weighted SS-ETSE (e), fat- 
suppressed Tl -weighted gradient-echo (/"), and immediate postgadolinium fat-suppressed Tl -weighted gradient-echo (g) images 
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Fig. 4.76 (Continued) in a second patient with hemorrhagic 
pancreatitis. The pancreas is enlarged (e) and shows very high 
signal intensity on fat-suppressed Tl -weighted images (g) and low 
signal on T2-weighted images (e), consistent with subacute hem- 
orrhage. The patchy enhancement of the pancreas on immediate 
postgadolinium images reflects foci of pancreatic necrosis (g). 

Coronal T2-weighted single-shot echo-train spin-echo (h), Tl- 
weighted SGE 0), Tl-weighted fat-suppressed SGE (/'), and Tl- 
weighted postgadolinium hepatic arterial dominant phase 
fat-suppressed 3D-GE (&) images at 3.0 T demonstrate hemor- 
rhagic necrotizing pancreatitis in another patient. A large pseudo- 
cyst (white arrows, h-te) containing blood product is located in 
the pancreatic head and body region. The blood products show 
low signal on T2-weighted image (h) but high signal on Tl- 
weighted precontrast images (i,j). There is mild free fluid (open 
arrow, h) in the abdomen. Peripancreatic tissue is low in signal 
intensity on precontrast images. There are foci of blood products 
(black arrows, 1) and necrosis (black arrows, U) in the pancreatic 
parenchyma. Note that there is associated gastric mucosal inflam- 
mation and hepatic inflammation, which are characterized by 
increased enhancement. 
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Fig. 4.77 Pseudocyst in acute pancreatitis. Tl-weighted SGE (a), Tl-weighted fat-suppressed spin-echo (£>), and immediate 
postgadolinium Tl-weighted SGE (c) images. A low-signal intensity pseudocyst (arrow, a) is present in the head of the pancreas 
(a-c). The pancreas has normal high signal intensity on the Tl-weighted fat-suppressed image (£>), and there is normal uniform 
enhancement of the pancreas on the immediate postgadolinium image (c). These imaging features are consistent with a pseudocyst 
in the setting of acute pancreatitis because the background pancreas has normal signal intensity features. The lesion did not change 
in size and shape on delayed images, excluding a poorly vascularized tumor. 

T2-weighted SS-ETSE (d), Tl-weighted fat-suppressed SGE (e), immediate postgadolinium Tl-weighted SGE (/"), and 90-s post- 
gadolinium fat-suppressed SGE (g) images in a second patient. A 3-cm pseudocyst (arrow, d) is in the pancreatic tail. The pancreas 
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Fig. 4.77 (Continued) is normal in signal on noncontrast Tl-weighted fat-suppressed images (e) and enhances normally on 
early (f) and late (g) images, consistent with no substantial parenchymal disease. There is progressive enhancement of the wall of 
the pseudocyst (g), which is typical for fibrous tissue. The pancreas, spleen, and liver are mildly hypointense on T2-weighted images 
(d) secondary to iron deposition from multiple blood transfusions. 

T2-weighted SS-ETSE (If), Tl-weighted SGE (i), Tl-weighted fat-suppressed SGE (/'), immediate postgadolinium Tl-weighted 
SGE (&), and 90-s postgadolinium fat-suppressed SGE (/) images demonstrate a 2-cm pseudocyst (arrow, h) in the uncinate process 
of the pancreas. The normal signal intensity of the pancreas, especially on noncontrast Tl-weighted fat-suppressed (/') and immedi- 
ate postgadolinium SGE (k) images, shows that background pancreas is not substantially diseased. 
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Fig. 4.78 Pancreatic pseudocysts. Tl-weighted SGE (a), Tl-weighted fat-suppressed SGE (£>), immediate postgadolinium Tl- 
weighted SGE (c), and 90-s postgadolinium Tl-weighted fat-suppressed SGE (d) images. There is a pseudocyst in the tail of the 
pancreas and a second one adjacent in the upper pole of the left kidney (arrows, a). Late enhancement of the pseudocyst walls is 
appreciated (d). 





(a) (b) 

Fig. 4.79 Pseudocysts — large. Tl-weighted SGE (a), Tl-weighted fat-suppressed spin-echo (&), T2-weighted fat-suppressed 
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Fig. 4.79 (Continued) SSETSE (c), and immediate postgadolinium Tl-weighted SGE id) images obtained superior to the pan- 
creas, Tl -weighted fat-suppressed spin-echo (e) and gadolinium-enhanced Tl-weighted fat-suppressed spin-echo (f) images at the 
level of the body of the pancreas, coronal gadolinium-enhanced Tl-weighted SGE images from midhepatic (g) and more anterior 
(h) locations, and sagittal-plane (i) Tl-weighted SGE images. 




Fig. 4.79 (Continued) An 8-cm pseudocyst is present in the 
region of the porta hepatis that is mildly high in signal intensity 
on Tl -weighted images (a, b) and high in signal intensity on the 
T2-weighted image (c). The mild, high signal intensity on Tl- 
weighted images is more conspicuous with fat suppression (b) 
and consistent with dilute blood or protein. The homogeneous 
signal intensity on T2-weighted images suggests that the fluid, 
although proteinaceous, is not complicated by infection or cellu- 
lar debris. A 3-cm pseudocyst (arrow, e) is identified within the 
body of the pancreas (e, /). 

Fluid in the pseudocyst is low in signal intensity on the pre- 
contrast Tl -weighted image (e). Capsular enhancement of the 
pseudocysts is shown on the fat-suppressed gadolinium-enhanced 
image (/"). Coronal plane gadolinium-enhanced Tl -weighted SGE 
images (g, h) demonstrate the relationship of the pseudocysts to 
surrounding structures. Three pseudocysts (arrows, g) are shown 
in the coronal plane (g). Gallbladder (arrow, h) is displaced later- 
ally by the large pseudocyst in the porta hepatis. The sagittal plane 
image (/) demonstrates the anteroposterior orientation of the 
pseudocysts to other structures. 

Coronal SS-ETSE (/'), transverse fat-suppressed SS-ETSE (&), 
immediate postgadolinium Tl-weighted SGE (/), and 90-s post- 
gadolinium fat-suppressed SGE (m) images in a second patient. A 
large, 8 x 7 cm, pancreatic pseudocyst is situated between the 
right kidney and second portion of the duodenum. The pancreatic 
head is displaced anteriorly (arrows, /). 







Fig. 4.80 Large pseudocyst. Fat-suppressed T2-weighted 
SS-ETSE (a), fat-suppressed Tl-weighted gradient-echo (£>), and 
interstitial-phase postgadolinium fat-suppressed Tl-weighted gra- 
dient-echo (c) images. A large pseudocyst is present in the pan- 
creatic head and neck. The continuity of the cyst with the main 
pancreatic duct is best seen on the T2-weighted image (arrow, a). 
The heterogeneous signal intensity on the T2-weighted images 
suggests that the fluid is complicated by infection or cellular 
debris. Fat-suppressed T2-weighted SS-ETSE (d), fat-suppressed 
Tl-weighted gradient-echo (e), and immediate (/") and interstitial- 
phase (g) postgadolinium fat-suppressed T 1 -weighted gradient-echo 
images in a second patient with pancreatic pseudocyst. A large 
pseudocyst is present in the pancreatic tail. Debris within the 
pseudocyst is best seen on the T2-weighted image (arrows, d). 



648 



Chapter 4 PANCREAS 



alcoholism and the development of chronic pancreatitis 
[97, 98]. Obstruction of the pancreatic duct from various 
causes, including pancreatic ductal cancer, results in 
chronic pancreatitis [98]. Acute pancreatitis secondary 
to gallstone disease rarely results in chronic 
pancreatitis. 

Chronic pancreatitis is associated with decreased 
endocrine as well as exocrine function [97, 98]. Patients 
with chronic pancreatitis have an increased risk of 
developing pancreatic cancer [99]. 

An analysis of patients with chronic pancreatitis 
imaged on dynamic contrast-enhanced CT images 
showed the following features: 66% had dilatation of 
the main pancreatic duct, 54% had parenchymal atrophy, 
50% had pancreatic calcifications, 34% had pseudocysts, 
32% had focal pancreatic enlargement, 29% had biliary 
ductal dilatation, and 16% had densities in peripancre- 
atic fat or fascia. No abnormalities were present in 7% 
of patients [100]. Calcification, which is the pathogno- 
monic feature of chronic pancreatitis on CT images, is 
a late occurrence following development of fibrosis and 
is observed in only half of these patients. CT imaging 
is not sensitive at detecting the early changes of fibrosis 
in chronic pancreatitis. Focal chronic pancreatitis may 
be difficult to distinguish from adenocarcinoma in the 
head of the pancreas because both entities may cause 
focal enlargement (fig. 4.81), obstruction of the common 
bile duct (figs. 4.82 and 4.83) and pancreatic duct, 
atrophy of the tail of the pancreas, and obliteration of 
the fat plane around the superior mesenteric artery 
(SMA) [101-103]. 

MRI may perform better than CT imaging at detect- 
ing changes of chronic pancreatitis in that MRI detects 
not only morphologic findings but also the presence of 



fibrosis. Fibrosis is shown by diminished signal intensity 
on Tl -weighted fat-suppressed images and diminished 
heterogeneous enhancement on immediate postgado- 
linium gradient-echo images [104]. Low signal intensity 
on Tl-weighted fat-suppressed images reflects loss of 
the aqueous protein in the acini of the pancreas. 
Diminished enhancement on capillary-phase images 
reflects disruption of the normal capillary bed and 
increased chronic inflammation and fibrous tissue (fig. 
4.84). Most cases of chronic pancreatitis show progres- 
sive parenchymal enhancement on 5-min postcontrast 
images, reflecting the pattern of enhancement of fibrous 
tissue. A study that described MRI findings in 13 patients 
with chronic calcifying pancreatitis and 9 patients with 
acute recurrent pancreatitis demonstrated differences 
between these groups on Tl-weighted fat-suppressed 
images and immediate postgadolinium gradient-echo 
images [104]. All patients with pancreatic calcifications 
on CT examination had a diminished-signal-intensity 
pancreas on Tl-weighted fat-suppressed images and an 
abnormally low percentage of contrast enhancement on 
immediate postgadolinium gradient-echo images (fig. 
4.85). Patients with acute recurrent pancreatitis had 
signal intensity features of the pancreas comparable to 
normal pancreas. Secretin-enhanced MRCP has been 
used for the evaluation of patients with pancreatic 
pathologies including chronic pancreatitis. Secretin 
induces pancreatic duct secretion. Therefore, it has 
been reported that it improves the visualization of pan- 
creatic ductal system and associated pathologies. 
Secretin-MRCP has been reported to show early ductal 
changes (dilatations-strictures) associated with chronic 
pancreatitis (fig. 4.85). Secretin-MRCP has also been 
reported to evaluate and grade pancreatic exocrine 





Fig. 4.81 Chronic pancreatitis with focal enlargement of the head of the pancreas. Tl-weighted fat-suppressed spin-echo 
(a), immediate postgadolinium Tl-weighted SGE (b), and gadolinium-enhanced Tl-weighted fat-suppressed spin-echo (c) images. 
The head of the pancreas is enlarged (arrow, a). The pancreas is diffusely low in signal intensity on the precontrast Tl-weighted 
fat-suppressed image (a). The pancreas shows diffuse diminished enhancement on the immediate postgadolinium image (b). 
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Fig. 4.81 (Continued) The lack of definition of a focal mass 
lesion on the immediate postgadolinium image is the most impor- 
tant observation that excludes tumor. On the interstitial-phase 
gadolinium-enhanced image (c), signal-void foci are identified that 
represent cysts, pseudocysts, dilated pancreatic duct, and calcifi- 
cations. Tl-weighted fat-suppressed spin-echo (d) and immediate 
(e) and 90-s (/") postgadolinium Tl-weighted SGE images in a 
second patient demonstrate enlargement of the pancreatic head 
(arrows, d).The head enhances in a diminished fashion on imme- 
diate (e) and 90-s (/") postgadolinium images with no definition of 
a mass lesion and preservation of a marbled texture. Multiple small 
signal-void foci represent calcifications. The 90-s postgadolinium 
image (g) demonstrates that signal-void foci are also present 
throughout the body and tail. 



function noninvasively (fig. 4.85). Following secretin 
stimulation, good duodenal filling should be present in 
the presence of normal exocrine function. Despite its 
use in routine clinical practice for the last 10 years, the 
role of secretin-MRCP for the assessment of pancreatic 
duct pathologies has not been well established yet. 

Focal enlargement of the head of the pancreas with 
chronic pancreatitis may be difficult to distinguish from 
cancer on CT images [331. MR images permit distinction 



between these two entities with greater reliability [331. 
Both chronic pancreatitis and carcinoma show similar 
signal intensity changes of the enlarged region of pan- 
creas on noncontrast Tl-weighted fat-suppressed and 
T2-weighted images: generally mildly hypointense on 
Tl-weighted images and heterogenous and mildly 
hyperintense on T2-weighted images. On immediate 
postgadolinium images, focal pancreatitis shows hetero- 
geneous enhancement with the presence of signal-void 
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Fig. 4.82 Chronic pancreatitis with moderate to severe pancreatic duct dilatation. T2-weighted SS-ETSE (a), Tl-weighted 
fat-suppressed SGE (&), immediate postgadolinium Tl-weighted SGE (c), and 90-s postgadolinium fat-suppressed SGE (d) images in 
a patient with hereditary pancreatitis and recurrent bouts of pancreatitis. The pancreatic ductal is very dilated (arrows, a). The 
pancreatic parenchyma is atrophic and is low signal on noncontrast Tl-weighted fat-suppressed SGE (£>). The thin rim of atrophic 
pancreas enhances minimally on immediate postgadolinium image (c) and shows late enhancement (arrows, d) consistent with 
changes of fibrosis. The pancreas is atrophic for the patient's age (18 years old), and it shows heterogeneous signal intensity on 
Tl-weighted images (b) with diminished enhancement on postgadolinium images (d). The pancreatic duct is severely dilated. 

T2-weighted SS-ETSE (e), Tl-weighted fat-suppressed SGE (/"), immediate postgadolinium Tl-weighted SGE (g), and 90-s postg- 
adolinium fat-suppressed SGE (If) images on a second patient demonstrate similar findings. Note moderately severe dilatation of the 
pancreatic duct (arrows, e) and late enhancement of atrophic pancreatic parenchyma (arrows, h). 
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Fig. 4.82 (Continued) T2-weighted SS-ETSE (i), Tl-weighted fat-suppressed SGE (/'), immediate postgadolinium fat-suppressed 
SGE (&), and 90-s post-gadolinium fat-suppressed SGE (/) images in a third patient show the same findings of moderately severe 
pancreatic ductal dilatation with parenchymal signal intensity changes of chronic pancreatitis. 
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Fig. 4.83 Chronic pancreatitis with main pancreatic and 
side branch ductal dilatation. Coronal MRCP (a) and transverse 
T2-weighted SS-ETSE (£>), Tl-weighted fat-suppressed SGE (c), 
immediate postgadolinium Tl-weighted SGE (d), and 90-s post- 
gadolinium fat-suppressed SGE (e) images. The main pancreatic 
duct and its side branches are markedly dilated, which is best seen 
on MRCP and single-shot T2-weighted images (arrows, a, b). 
Parenchymal changes of chronic pancreatitis are present includ- 
ing low signal on noncontrast Tl-weighted fat-suppressed images 
(c) and minimal heterogeneous early enhancement (d) with late 
progressive parenchymal enhancement (arrows, e). The presence 
of dilated ectatic side branches is a feature more consistent with 
chronic pancreatitis than pancreatic ductal adenocarcinoma, with 
the latter entity more typically causing dilatation of the main pan- 
creatic duct without side branch ectasia. 




cysts and calcifications, without evidence of a margin- 
ated definable, minimally enhancing mass lesion. 
Demonstration of a definable, circumscribed mass lesion 
is most often diagnostic for tumor. In chronic pancre- 
atitis, the focally enlarged portion of the pancreas 
usually shows preservation of a glandular, feathery, or 
marbled texture similar to that of the remaining pan- 



creas [331. In contrast, in pancreatic cancer, the focally 
enlarged portion of the pancreas loses its usual ana- 
tomic detail. Tumor disrupts the underlying architecture 
and generally exhibits irregular, heterogeneous, dimin- 
ished enhancement. Diffuse low signal intensity of the 
entire pancreas, similar to and including the area of 
focal enlargement, on Tl-weighted fat-suppressed and 
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Fig. 4.84 Early chronic pancreatitis. Fat-suppressed T2-weighted SS-ETSE (a), fat-suppressed Tl-weighted gradient-echo (£>), 
and immediate (c) and interstitial-phase (d) postgadolinium fat-suppressed Tl-weighted gradient-echo images in a patient with early 
chronic pancreatitis demonstrate mildly diminished signal intensity on fat-suppressed and immediate postgadolinium Tl-weighted 
images. Low signal intensity on Tl-weighted fat-suppressed image (b) reflects loss of aqueous protein in the acini of the pancreas. 
Diminished enhancement on capillary-phase image (c) reflects disruption of the normal capillary bed due to chronic inflammation 
and fibrous tissue. 





(a) (b) 

Fig. 4.85 Chronic pancreatitis. Contrast-enhanced CT (a) Tl-weighted fat-suppressed spin-echo (£>), and immediate postgadolinium 
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Fig. 4.85 (Continued) Tl-weighted SGE (c) images. The CT image demonstrates pancreatic calcifications, which is diagnostic 
for chronic pancreatitis. Mild pancreatic ductal dilatation (arrow, a) and mild pancreatic enlargement are also present. The pancreas 
is low in signal intensity on the Tl-weighted fat-suppressed image, which is consistent with loss of aqueous protein in the acini. 
The immediate postgadolinium Tl-weighted SGE image demonstrates heterogeneous diminished enhancement of the pancreas 
(arrows, c), reflecting replacement of the normal capillary bed with lesser vascularized fibrotic tissue. (Reproduced with permission 
from Semelka RC, Kroeker MA, Shoenut JP, Kroeker R, Yaffe CS, Micflikier AB: Pancreatic disease: Prospective comparison of CT, 
ERCP, and 1.5T MR imaging with dynamic gadolinium enhancement and fat suppression. Radiology 181: 785-791, 1991) 

T2-weighted SS-ETSE (d),Tl-weighted SGE (e), noncontrast Tl-weighted fat-suppressed SGE (/"), immediate postgadolinium 
Tl-weighted SGE (g), and 90-s postgadolinium fat-suppressed SGE (h) images in a second patient. Moderate dilatation of the pan- 
creatic duct is present (arrows, d). There is moderate atrophy of the pancreatic parenchyma, which is low signal on Tl-weighted 
fat-suppressed SGE (/") and demonstrates minimal enhancement on immediate postgadolinium images (g) with progressive enhance- 
ment on 90-s postcontrast images (h). These are classic features for chronic pancreatitis. 
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Fig. 4.85 (Continued) Chronic pancreatitis — Secretin 

MRCP. Presecretin (i) and postsecretin MRCP (/', k) images in a 
patient with mild chronic pancreatitis. Side branch dilatations 
(arrows, i) are detected on MRCP image (/) acquired before secre- 
tin administration. After secretin administration, the pancreatic 
duct and side branch dilatations (arrows, 7) are seen better. On 
MRCP image (k) acquired at 10 min after the administration of 
secretin, there is good duodenal filling (arrow, &) suggesting 
normal exocrine function of the pancreas. Presecretin (/) and 
postsecretin MRCP (m) images in a patient with mild chronic 
pancreatitis. Side branch dilatations (arrows, /) are detected on 
MRCP image (/) acquired before secretin administration. After 
secretin administration, more side branch dilatations (arrows, ni) 
are detected on MRCP image (m) acquired at 10 min. However, 
duodenal filling is less than normal and consistent with decreased 
estimated pancreatic exocrine function. 
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immediate postgadolinium SGE images is typical for 
chronic pancreatitis (fig. 4.86). In the setting of pancre- 
atic cancer, the enhancement of the tumor is less than 
adjacent pancreatic parenchyma. Rarely, chronic pan- 
creatitis may involve only the focally enlarged portion 
of the pancreas, with the reminder of the pancreas 
having no inflammatory changes. In these cases, the 
focus of chronic pancreatitis can simulate the appear- 
ance of pancreatic ductal adenocarcinoma. The inflam- 
matory process may also be sufficiently destructive that 
underlying stromal pattern is lost. In these rare cases, 
diagnosis can only be established by surgical resection 
and histopathologic examination confirming the absence 
of malignancy. 

Recurrent bouts of acute pancreatitis superimposed 
on the chronic disease typify the usual clinical course 
of these patients. Acute on chronic pancreatitis is well 
shown on MR images (figs. 4.87-4.89). Pancreatic pseu- 



docysts observed in patients with chronic pancreatitis 
often arise as a sequel of episodes of acute inflamma- 
tion [98]. Small pseudocysts and cysts are well shown 
on gadolinium-enhanced Tl -weighted fat-suppressed 
images as nearly signal-void oval structures (fig. 4.90). 
Pseudocysts are generally high in signal intensity on 
T2-weighted images, but signal intensity varies consider- 
ably depending on the presence of blood, protein, 
infection, and debris (fig. 4.91). Pseudocyst walls gener- 
ally show minimal early postgadolinium enhancement 
and progressive enhancement on 5-min postgadolinium 
images. 

Autoimmune Pancreatitis 

Most patients presenting with chronic pancreatitis will 
have alcohol-related disease. In approximately 30% of 
patients, the nature and course of chronic pancreatitis 
are unclear, and these cases may be labeled idiopathic. 




Fig. 4.86 Chronic pancreatitis simulating pancreatic cancer. Coronal (a) and transverse (£>) T2-weighted SS-ETSE, immedi- 
ate postgadolinium Tl-weighted SGE (c), and 90-s postgadolinium fat-suppressed SGE (d) images. The CBD (arrow, a) and pancreatic 
(arrow, b) ducts are severely dilated, with atrophy of the pancreatic body (£>) creating the double duct sign. On early (c) and late 
id) postgadolinium images, no demarcated pancreatic mass is observed in the head of the pancreas. Instead, the enlarged pancreas 
shows a marbled texture (arrows, c) comparable in appearance to the remainder of the pancreas. 
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Fig. 4.87 Acute on chronic pancreatitis. T2-weighted SS-ETSE (a), Tl-weighted SGE (&), Tl-weighted fat-suppressed SGE (c), 
immediate postgadolinium Tl-weighted SGE (d), and 90-s postgadolinium fat-suppressed SGE (e) images. Complex fluid surrounds 
the pancreas, predominantly located between the head and the second portion of duodenum (arrows, c). The pancreatic head is 
enlarged and shows decreased signal on noncontrast Tl-weighted fat-suppressed SGE (c) and heterogeneous and reduced enhance- 
ment on immediate postgadolinium images (d), which is characteristic of chronic pancreatitis. 

Immediate postgadolinium Tl-weighted gradient-echo (/"), interstitial-phase postgadolinium fat-suppressed Tl-weighted 
gradient-echo (g), and MRCP (h) images in a patient with acute on chronic pancreatitis. The enhancement of the pancreas is 
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Fig. 4.87 (Continued) decreased on immediate postgadolinium image (/"). The main pancreatic duct is mildly dilated and 
irregular (arrows, h). 




S £ 



Fig. 4.88 Distal acute on chronic pancreatitis. Tl- 

weighted out-of-phase SGE (a), immediate postgadolinium Tl- 
weighted SGE (£>), and 90-s postgadolinium fat-suppressed SGE 
(c) images. The distal portion of the body and tail of the pancreas 
is mildly enlarged with ill-defined borders. Enhancement is 
minimal of the distal pancreas on immediate postgadolinium 
image (arrows, b) and shows delayed increased enhancement (c). 
This enhancement pattern is typical for fibrous tissue as observed 
in chronic pancreatitis. A thin layer of fluid around the pancreas, 
appreciated on the immediate postgadolinium image (£>), is con- 
sistent with acute inflammation. 
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Fig. 4.89 Acute on chronic pancreatitis with pseudocyst formation. T2-weighted SS-ETSE (a), Tl-weighted SGE (b), Tl- 
weighted fat-suppressed SGE (c, d), immediate postgadolinium Tl-weighted SGE (e, /), and 90-s postgadolinium fat-suppressed 
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Fig. 4.89 (Continued) SGE (g) images. There is a pseudocyst (arrow, a) in the pancreatic tail, which has a thickened wall that 
exhibits progressive late enhancement (arrow, g). The pancreatic head and neck region (arrows, d) are enlarged (d,f) and exhibit 
low-signal on noncontrast fat-suppressed images (d) and diminished heterogeneous enhancement on immediate postgadolinium 
SGE images (/") consistent with focal acute on diffuse chronic pancreatitis. Note that renal corticomedullary difference is diminished 
on the noncontrast Tl -weighted fat-suppressed image consistent with decreased renal function (d). 

Coronal (h) and transverse (i,j ) T2-weighted SS-ETSE, immediate postgadolinium Tl-weighted SGE (&), and 90-s postgadolinium 
fat-suppressed SGE (/) images in a second patient. There is mild pancreatic duct dilatation and irregularity (arrow, 0, which is 
commonly observed in chronic pancreatitis (/). A 2-cm pseudocyst is present in the posterior aspect of the pancreatic head (small 
arrow, h, 7) and an irregular 4-cm pseudocyst (large arrow, h, 7) adjacent to the second portion of the duodenum. A small volume 
of ascites is present (curved arrow, h). Note an incidental hemangioma in the liver that is high signal on T2 (curved arrow, 7) 
demonstrating peripheral nodular enhancement with enlargement and coalescence of the nodules (k, /). 
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Fig. 4.89 (Continued) T2-weighted echo-train spin-echo (m), Tl-weighted SGE (n), Tl-weighted fat-suppressed SGE (o), imme- 
diate postgadolinium Tl SGE ( p), and 90-s postgadolinium Tl-weighted fat-suppressed SGE (q) images in a third patient. The 
pancreas is enlarged and ill-defined with blurring of the adjacent fat. The pancreas is low signal (arrows, o) on noncontrast Tl- 
weighted fat-suppressed images (o) and on immediate postgadolinium SGE images (q) consistent with chronic pancreatitis. The 
pancreatic parenchyma shows progressive enhancement on late gadolinium-enhanced images (q), which is also a feature of chronic 
pancreatitis. There is a thick-walled pseudocyst anterior to the distal body of the pancreas, which contains a fluid-fluid level (arrow, 
rri) on T2 (rn). Multiple varices (small arrows, q) observed on the interstitial-phase gadolinium-enhanced image (q) reflect thrombosis 
of the splenic vein from longstanding severe chronic pancreatitis. Tl-weighted fat-suppressed SGE (r), immediate postgadolinium 
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Fig. 4.89 (Continued) Tl-weighted SGE (s), and 90-s postgadolinium fat-suppressed SGE (O images in a fourth patient. A pseu- 
docyst is present in the head of the pancreas (arrow, r). Note the decreased signal on the noncontrast Tl-weighted fat-suppressed 
SGE image (r), and minimal heterogeneous enhancement on the immediate postgadolinium SGE image (s) with progressive enhance- 
ment on the parenchyma (O, which are imaging features of chronic pancreatitis. Compare this appearance to the pseudocyst in 
the pancreatic head of patients with acute pancreatitis (fig. 4.77). 

Tl-weighted SGE (u), Tl-weighted fat-suppressed SGE (v), immediate postgadolinium SGE (w), and 90-s postgadolinium fat- 
suppressed SGE (x) images in a fifth patient. Multiple pseudocysts (arrows, u) and peripancreatic fluid strands from acute inflam- 
mation present superimposed on chronic pancreatitis. The peripancreatic fluid strands are more clearly shown on the 
non-fat-suppressed images (u, uf) than on the fat-suppressed images (v, x), because of the excellent contrast between low-signal 
fluid and high-signal background fat. Background chronic pancreatitis is shown as low signal of a small pancreas on noncontrast 
Tl-weighted fat-suppressed image (v) and minimal early enhancement of the pancreas (w) with progressive enhancement on late 
images (pc). 
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Fig. 4.90 Chronic pancreatitis with multiple small pseudocysts. MRCP (a), T2-weighted SS-ETSE (b), Tl-weighted SGE 
(c), Tl-weighted fat-suppressed SGE (d), immediate postgadolinium Tl-weighted SGE (e), and 90-s postgadolinium fat-suppressed 
SGE (/") images. Multiple small pseudocysts are present throughout the atrophic background pancreatic parenchyma and appear 
hyperintense on T2-weighted images (a, b) and hypointense on Tl-weighted images (c, d) and show lack of enhancement on early 
(e) and late (/") postgadolinium images, consistent with pseudocysts. 
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Fig. 4.90 (Continued) T2-weighted SS-ETSE (g), Tl-weighted SGE (h), immediate postgadolinium Tl-weighted SGE (1), and 90-s 
postgadolinium fat-suppressed SGE (/') images in a second patient with alcoholic pancreatitis. There are numerous cysts (arrows, 
g, 7) scattered throughout the pancreas, and the pancreatic parenchyma enhances poorly on postgadolinium images. There is a 
large volume of ascites secondary to liver cirrhosis. Note also ischemic nephropathy of the left kidney (arrow, 1) from main renal 
artery disease. 



A subgroup of these cases has been associated with 
autoimmune disorders such as Sjogren syndrome, 
primary biliary cirrhosis, and primary sclerosing cholan- 
gitis [105, 106]. Histopathologic examination in cases of 
chronic nonalcoholic pancreatitis, including associated 
autoimmune disorders, shows periductal chronic 
inflammation and fibrosis. This process may result in 
obstruction or destruction of ducts [107]. Recent 
studies underscore the importance of diagnosing cases 
of suspected autoimmune-related chronic pancreatitis 
because these disorders may have a salutary response 
to steroid therapy [108]. Recent studies have described 
the MR appearance of autoimmune chronic pancreatitis 
as characterized by enlarged pancreas with moderately 
decreased signal intensity on Tl-weighted images, 
moderately high signal intensity on T2-weighted images, 
and delayed enhancement of the pancreatic paren- 
chyma after gadolinium administration (fig. 4.92). 



Additional findings that may be observed in autoim- 
mune pancreatitis include 1) capsulelike rim surround- 
ing the diseased parenchyma that is hypointense 
on T2-weighted images and demonstrates delayed 
enhancement after gadolinium administration [105], 2) 
absence of parenchymal atrophy, 3) ductal dilatation 
proximal to the site of stenosis, 4) absence of 
extra-pancreatic fluid, and 5) clear demarcation of the 
lesion [106]. 

Inflammatory Conditions and Infections 
of the Pancreas 

A variety of bacterial, granulomatous, viral, and parasitic 
diseases may rarely affect the pancreas. Inflammatory 
diseases may appear as ill-defined focal masses that 
show irregular infiltration of pancreatic tissue (fig. 4.93). 
Differentiation between malignant and inflammatory 
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Fig. 4.91 Hemorrhagic pseudocyst. T2-weighted echo-train 
spin-echo (a), Tl -weighted SGE (£>), Tl -weighted fat-suppressed 
SGE (c), immediate postgadolinium Tl-weighted SGE (d), and 90-s 
postgadolinium Tl-weighted fat-suppressed SGE (e) images. There 
is a tubule-shaped fluid collection (arrow, a) within the pancreas 
that has heterogeneous signal intensity on Tl (b, c> and T2 (a)- 
weighted images compatible with hemorrhage. The pancreas is 
enlarged and has a blurred contour. 



diseases may not, however, be reliably made on imaging 
studies. Pancreatitis may also arise as a reaction to drugs 
(fig. 4.94) or toxins. 



TRAUMA 

Traumatic injury of the pancreas may result in a spec- 
trum of abnormalities from mild contusion to laceration 



and transection. Stenosis of the pancreatic duct with 
distal ductal dilatation may be observed as a sequel of 
trauma (fig. 4.95). A combination of tissue imaging 
sequences and MR pancreatography can facilitate this 
diagnosis by the demonstration of ductal dilatation and 
changes of chronic pancreatitis of the pancreas distal to 
the stenosis (fig. 4.96). This condition is not rare, and 
this entity should be entertained when a sharp transition 
is observed in the midbody of the pancreas, overlying 
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Fig. 4.92 Autoimmune pancreatitis. Fat-suppressed T2-weighted SS-ETSE (a), fat-suppressed Tl-weighted gradient-echo (£>), 
and immediate (c) and interstitial-phase (d) postgadolinium fat-suppressed Tl-weighted images in a patient with autoimmune pan- 
creatitis demonstrate a thin layer of peripancreatic and perisplenic fluid that is best seen on fat-suppressed T2-weighted images 
(arrows, a). The distal body and tail of the pancreas show decreased signal intensity compared to the remainder of the pancreas 
on fat-suppressed Tl-weighted gradient-echo images (arrows, b). On immediate postgadolinium image the enhancement of the 
distal pancreas is less than the proximal portion (c). On interstitial-phase image distal pancreas becomes isointense with the rest 
of the pancreas (d). 





Fig. 4.93 Necrotizing granulomatous pancreatitis. Tl-weighted fat-suppressed spin-echo (a), immediate postgadolinium 
Tl-weighted SGE (£>), and gadolinium-enhanced Tl-weighted fat-suppressed spin-echo (c) images. A heterogeneous low-signal 
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Fig. 4.93 (Continued) intensity mass is present, arising from 
the lateral aspect of the head of the pancreas (arrow, a). The 
remainder of the pancreas is normal and moderately high in signal 
intensity on Tl -weighted fat-suppressed spin-echo images (a). The 
lesion enhances in a heterogeneous minimal fashion on immediate 
postgadolinium Tl -weighted SGE images (£>). The duodenum 
(small arrows, b) is displaced laterally by the mass. The mass 
contains a cystic component (thin arrow, b). Heterogeneous 
enhancement of the mass is also present on the interstitial-phase 
gadolinium-enhanced Tl -weighted fat-suppressed image (c). 





Fig. 4.94 Chemotherapy-induced pancreatitis. T2-weighted ETSE (a), Tl-weighted fat-suppressed SGE (£>), immediate post- 
gadolinium Tl-weighted SGE (c), and 90-s postgadolinium fat-suppressed SGE (d) images. In this patient undergoing chemotherapy 
for breast cancer, there is a heterogeneous low-signal region in the head of the pancreas on the noncontrast Tl-weighted fat-sup- 
pressed image (b) that also shows heterogeneous decreased enhancement (arrows, c) on the immediate postgadolinium SGE image 
(c) consistent with pancreatitis secondary to chemotherapy toxicity. 
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Fig. 4.95 Traumatic pseudocyst. T2-weighted SS-ETSE (a), Tl-weighted fat-suppressed SGE (&), immediate postgadolinium 
Tl-weighted SGE (c), and 90-s postgadolinium fat-suppressed SGE (d) images in a patient with a history of recent abdominal trauma. 
There is a pseudocyst in the anterior aspect of the pancreatic body/tail, which contains layering protein/hemoglobin in the depen- 
dent portion of the cyst, best appreciated on the T2-weighted image (arrow, a). Note transient increased enhancement of the left 
lobe of the liver on the immediate postgadolinium image (c), which reflects compromise of the left portal vein. 

Coronal (e) and transverse (/") T2-weighted SS-ETSE, Tl-weighted SGE (g), Tl-weighted fat-suppressed SGE (/?), immediate 
postgadolinium SGE (i), and 90-s postgadolinium SGE (/) images in a second patient. There is a 4-cm pseudocyst transversing 
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Fig. 4.95 (Continued) the pancreas at the junction of the body and tail. The pancreas proximal to the traumatic pseudocyst 
appears normal. Distal to the pseudocyst, the tail shows ductal dilatation (arrows, /) and atrophy consistent with changes of long- 
term ductal obstruction and resultant chronic pancreatitis, in this patient with a remote history of abdominal trauma. Reconstructed 
MRCP (&), Tl-weighted postgadolinium interstitial phase water excitation magnetization prepared rapid gradient echo images (l-n) 
demonstrate traumatic transections located in the pancreatic neck (white arrows, m, n) and left lobe of the liver (black arrows, 
m, n). 
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Fig. 4.95 (Continued) There are multiple pseudocysts (p, k; l-ri) and free fluid (open arrow; k-n) in the abdomen. The peri- 
toneal surfaces also show enhancement due to inflammation. 






Fig. 4.96 Posttraumatic stenosis of the pancreatic duct. Fat-suppressed Tl-weighted SGE (a), T2-weighted SS-ETSE (£>), and 
immediate (c) and 90-s (d) postgadolinium fat-suppressed Tl SGE images in a patient who had undergone abdominal trauma 6 years 
earlier. A transition is noted in the body of the pancreas between normal-appearing proximal pancreas and abnormal-appearing 
distal pancreas containing an irregularly dilated pancreatic duct. On the precontrast, fat-suppressed image (a), the distal pancreas 
(arrow, a) is noted to be low in signal intensity, consistent with changes of chronic pancreatitis. On the SS-ETSE image (b) a transi- 
tion is well shown between normal-caliber pancreatic duct (small arrows, b) and abnormally expanded distal pancreatic duct (long 
arrows, £>). The distal pancreas is noted to enhance minimally on the immediate postgadolinium image (arrow, c). Enhancement of 
the pancreas is more uniform on the interstitial phase image (d), with clear definition of the irregularly dilated pancreatic duct 
(long arrow, d). (Courtesy of Susan M. Ascher, M.D., Dept. of Radiology, Georgetown University Medical Center.) 
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the vertebral column, with normal pancreatic head and 
midbody and distal atrophy and ductal dilatation. 
History of trauma, typically motor vehicle accident, 
even if remote, should be sought. 



PANCREATIC TRANSPLANTS 

Dynamic gadolinium-enhanced MRI has been used to 
assess rejection of pancreatic transplants (fig. 4.97) [109- 



112]. Enhancement in six normal grafts was 98 ± 23% 
within the first minute compared to 42 ± 20% in six 
dysfunctional grafts [1091. Inflammation and infection 
including abscesses can also be well demonstrated with 
MRI (fig. 4.97). MR angiography also has been used to 
detect acute vascular compromise, with high sensitivity 
and specificity (fig. 4.98) [110, 111]. Complications such 
as venous thrombosis are well shown on gadolinium- 
enhanced gradient echo, especially 3D-GE imaging, 
because of the high spatial resolution [112]. 






Fig. 4.97 Normal pancreatic transplant. Coronal T2-weighted ETSE (a) and 90-s postgadolinium fat-suppressed SGE (£>) 
images in a patient status post-pancreas and renal transplant. The transplanted pancreas is normal in signal intensity and is located 
in the right lower quadrant (arrows, a).The transplanted kidney is in the left lower quadrant (arrow, £>). 

Transplanted pancreas and kidney. Coronal T2-weighted SS-ETSE (c), fat-suppressed Tl-weighted gradient-echo (d), 
immediate postgadolinium fat-suppressed Tl-weighted gradient-echo (e) and interstitial-phase postgadolinium Tl-weighted 
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(g) 






Fig. 4.97 (Continued) gradient-echo (f, g) images in a second 
patient status postpancreas and renal transplant. The transplanted 
pancreas (arrows, c) is normal in signal intensity on all sequences. 
There is a small abscess medial to the transplanted kidney (arrow, 
/). T2-weighted single shot echo train spin echo (g) and Tl- 
weighted postgadolinium fat-suppressed interstitial phase 3D-GE 
(h) images in a patient with severe pancreatic transplant inflam- 
mation. The pancreatic transplant (white arrows, g, h) is seen in 
the right lower quadrant. The renal transplant (black arrows, g, 
h) is seen in the left lower quadrant. There is severe inflammation 
involving the pancreatic transplant and adjacent bowel loops in 
the right lower quadrant, which is characterized by intense 
enhancement. A small abscess (open arrow, h) is also detected 
adjacent to the transplant and bowel loops. The renal transplant 
(black arrow, g) is edematous and enlarged. Tl-weighted postg- 
adolinium fat-suppressed interstitial phase 3D-GE (i) image in 
another patient with an abscess adjacent to a pancreatic trans- 
plant. A large abscess (arrow, i) containing free air is detected in 
the left lower quadrant adjacent to the pancreatic transplant 
tissue. 
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Fig. 4.98 Pancreatic transplant with arterial thrombosis. Coronal MIP reconstructed MR angiography (MRA) (a), gadolin- 
ium-enhanced 2-mm 3D gradient-echo source (£>), Tl-weighted fat-suppressed SGE (c), and T2-weighted SS-ETSE (d) images. The 
MIP reconstructed MRA image demonstrates a normal artery (arrow, a) feeding the renal transplant in the left pelvis and an occluded 
artery (small arrow, a) feeding the pancreas transplant in the right pelvis. To establish the diagnosis of occlusion, examination of 
the source images is essential; occlusion is confirmed on the source image (arrow, b) as abrupt termination of the contrast-enhanced 
vascular lumen. The transplant is identified in the right side of the pelvis on Tl-weighted (arrow, c) and T2-weighted (d) images. 
Inflammatory fluid (arrow, d) is noted adjacent to the pancreas transplant. 
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SPLEEN 



ERSAN ALTUN, JORGE ELIAS, JR., YOUNG HOON KIM, 
AND RICHARD C. SEMELKA 



To cure the mind's wrong bias, spleen, 
some recommend the bowling green, 
some, hilly walks; 
all exercise 

The Spleen (1737) Matthew Green 

Throughout the ages, the human spleen has received 
attention from poets as the producer of melancholy and 
ill temper. Long conceived as the seat of negative 
temper, it was Galen (131-201 a.d.) who believed that 
the spleen, with its spongy consistency, extracted "mel- 
ancholy" from the blood or liver before excreting the 
"humor" via splenogastric veins into stomach. Though 
couched in the language of antiquity, Galen's theory 
was a prescient one and prefigured the modern-day, 
well-established functions of the organ as a specialized 
filter of blood and in immune surveillance. 



NORMAL ANATOMY 

The spleen consists of a large encapsulated mass of 
vascular and lymphoid tissue and is situated posteriorly 
in the left upper quadrant of the abdomen. It is typically 



crescent shaped, with a convex lateral border conform- 
ing to the abdominal wall and left hemidiaphragm and 
a concave medial border conforming to the stomach and 
left kidney. The splenic hilum is directed anteromedi- 
ally, and the splenic artery and vein enter the spleen at 
this location. The splenic vein follows a relatively straight 
course along the posterior surface of the body and tail 
of the pancreas. The splenic artery is slightly superior 
to the vein and is often tortuous. The spleen is sus- 
pended by diaphragmatic attachments and by the 
splenorenal, gastrosplenic, and splenocolic ligaments. 
Veins within these ligamentous structures commonly 
dilate in the presence of portal hypertension. Isolated 
dilatation of short gastric veins and left gastro-omental 
veins along the greater curvature of the stomach may 
be seen in the presence of splenic vein thrombosis. 

The freshly cut surface of an unfixed spleen is a 
reflection of its underlying microscopic architecture, as 
one can observe glistening maroon parenchyma, or red 
pulp, flecked with gray- white nodules, the white pulp. 
Microscopically, the red pulp consists of numerous, thin- 
walled vascular sinusoids separated by the splenic cords 
(Billroth cords). The sinusoids are lined by fenestrated 
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endothelium providing easy passage of cells between 
sinusoidal lumens and surrounding cords. The splenic 
cords are spongelike and consist of a labyrinth of mac- 
rophages loosely connected by long dendritic process, 
reticular cells, and reticular fibers. This framework pro- 
vides a physical and functional filter through which 
systemic circulatory blood can slowly seep. The white 
pulp consists of lymphoid follicles containing a central 
arteriole surrounded by the periarteriolar lymphoid 
sheath (PALS). The lymphoid cells forming PALS are 
predominantly T cells, whereas lymphoid follicles consist 
mainly of B cells. In neonates, the spleen is predomi- 
nantly composed of red pulp. With age and progressive 
antigenic stimulation, the volume of white pulp gradu- 
ally increases to occupy approximately 20% of the 
splenic parenchyma in the adult. 

The white pulp is intimately associated with the 
arterial tree, whereas the red pulp is associated with the 
venous system draining the spleen. Splenic microcircu- 
lation has long been a subject of controversy because 
of the complexity of vascular channels and conflicting 
experimental evidence. Two basic pathways exist for 
splenic circulation. The closed circulation, which 
accounts for most of the splenic blood flow and cor- 
responds to the functionally rapid component of the 
circulation, allows blood to pass from arterioles and 
capillaries directly into venous sinuses. The open circu- 
lation, which corresponds to the functionally slow com- 
ponent, permits blood to percolate through the reticular 
tissue of the splenic cords before filtering through 
minute slits in the walls of venous sinuses. 

MRI TECHNIQUE 

The standard MRI protocol includes precontrast breath- 
hold Tl -weighted spoiled gradient-echo (SGE) sequences 
including in-phase and out-of-phase SGE sequences, 
precontrast fat-suppressed three-dimensional gradient 
echo (3D-GE), T2-weighted sequences including short- 
tau inversion recovery (STIR), non-fat-suppressed and 
fat-suppressed single-shot echo-train spin echo (although 
usually fat-suppressed single-shot echo-train spin echo 
is sufficient), and immediate and delayed postgadolin- 
ium SGE with the delayed images often acquired with 
fat suppression or immediate and delayed postgado- 
linium fat-suppressed 3D-GE sequences. The choice 
between SGE and 3D-GE sequences depends on the 
type of scanners. 

NORMAL 

Normal splenic parenchyma is invariably low in signal 
intensity on Tl -weighted images and usually high in 
signal intensity on T2-weighted images (fig. 5.1). 



Signal intensity on T2-weighted images of the 
spleen may vary and not uncommonly is relatively low. 
This is usually secondary to prior blood transfusions, 
which result in iron deposition in the reticuloendothelial 
system (RES) of the spleen (fig. 5.2). The signal intensity 
of most forms of benign and malignant disease pro- 
cesses parallels the pattern of low signal intensity on 
Tl -weighted images and high signal intensity on T2- 
weighted images. As a result, noncontrast MR images 
are limited in the detection of splenic disease. Differences 
in blood supply of spleen and diseased tissue permit 
detection of abnormalities on immediate postgadolin- 
ium images. 

Immediate postgadolinium breath-hold Tl -weighted 
SGE or 3D-GE sequences demonstrate the different 
circulations in the normal spleen as regions of transient 
higher and lower contrast enhancement, usually in an 
arciform or serpiginous pattern [1-4]. This appears as 
an alternating pattern of high-signal (closed circulation) 
and low-signal (open circulation) stroma. Variations of 
this pattern occur, such as central low and peripheral 
high signal intensity. This variegated pattern becomes 
homogeneous and high in signal intensity within 1 min 
after contrast. 

Three variations in splenic enhancement patterns 
have been described in spleen not infiltrated by disease 
on immediate postgadolinium image [4]. The most 
common (79% of patients) is serpiginous enhancement, 
termed arciform. This pattern has been observed in all 
normal spleens in nondiseased patients and in some 
spleens of patients with inflammatory or neoplastic 
disease (fig. 5.3). The second most common pattern 
(16% of patients) is homogeneous high-signal-intensity 
enhancement (fig. 5.4). This has been observed in 
patients with inflammatory or neoplastic diseases, 
hepatic focal fatty infiltration, or hepatic enzyme abnor- 
malities. A nonspecific immune response may be 
responsible for this pattern of enhancement. This 
appearance may represent the conversion of a mixture 
of slow and fast channels to only fast channels, reflect- 
ing a mechanism to increase transit of immune system 
cells. The third pattern is uniform low signal intensity 
(5% of patients) (fig. 5.5). This was found in all patients 
who had undergone multiple recent blood transfusions. 
The T2-shortening effects from hemosiderin deposition 
in the RES supersede the Tl -shortening effects of gado- 
linium [5, 6]. 

Superparamagnetic iron oxide particles are selec- 
tively taken up by the RES and have been used to 
evaluate the spleen. These particles diminish the signal 
intensity of the normal spleen on T2-weighted sequences, 
whereas tumors remain unchanged in signal character- 
istics [7-91. Superparamagnetic iron oxide crystals 
embedded in a starch matrix [magnetic starch micro- 
spheres (MSM), Nycomed Imaging, Oslo, Norway] have 





Fig. 5.1 Normal spleen. Tl-weighted SGE (a) and T2-weighted fat-suppressed spin-echo (b) images. Normal spleen is low in 
signal intensity on Tl-weighted image (a) and high in signal intensity on T2-weighted image (b). Liver is higher in signal intensity 
on Tl-weighted images and lower in signal intensity on T2-weighted images than spleen, which results in a clear distinction between 
the elongated lateral segment of the liver and the adjacent spleen in this patient. Tl-weighted SGE (c) and T2-weighted short-tau 
inversion recovery (STIR) (d) images at 30 T in a second patient with normal findings demonstrate similar signal characteristics for 
the spleen and liver compared to 1.5T. 





Fig. 5.2 Iron deposition in the spleen. Tl-weighted SGE (a) and T2-weighted fat-suppressed spin-echo (b) images. Signal 
intensity of the spleen is only slightly lower than normal on the Tl-weighted image (a), which is consistent with mild iron deposi- 
tion in the RES. Signal intensity of the spleen is noted to be nearly signal void on the T2-weighted image (£>), with low signal intensity 
also noted of liver and bone marrow due to iron deposition in the RES in these organs. 
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Fig. 5.3 Arciform enhancement in the normal spleen. Postgadolinium Tl -weighted SGE image (a) acquired at 1.5 T on the 

hepatic arterial dominant phase shows the serpiginous, tubular bands of low signal intensity throughout the splenic parenchyma. 
Contrast identified in portal vein (long arrow, a) and hepatic arteries (short arrow, a) and lack of contrast in hepatic veins (open 
arrow, a) define the capillary or hepatic arterial dominant phase of enhancement. Postgadolinium fat-suppressed Tl-weighted 3D-GE 
image (£>) acquired at 3.0 T on the hepatic arterial dominant phase, which is again characterized by the presence of contrast in the 
hepatic artery (short thin arrow, b) and portal vein (long thin arrow, b) and by the absence of contrast in the hepatic veins (thick 
arrow, £>), demonstrates arciform enhancement pattern of the normal spleen. 





Fig. 5.5 Homogeneous low-signal-intensity splenic 
enhancement. The spleen is low in signal intensity on imme- 
diate postgadolinium images because of the predominant T2- 
shortening effects of iron in the spleen. 



Fig. 5.4 Homogeneous intense splenic enhancement. 

The spleen is noted to enhance intensely and uniformly in the 
capillary phase of enhancement. Contrast in hepatic arteries 
and portal veins and lack of contrast in hepatic veins demon- 
strate that the image was acquired in the capillary phase of 
enhancement. 



been studied in animal models and have been shown 
to increase conspicuity of both focal and diffuse splenic 
lesions [9]. Normal spleen diminishes in signal on T2- 
weighted or T2*- weighted images, whereas focal or 
diffuse disease retains signal, which renders disease 



conspicuous by being relatively high in signal 
intensity. 

In the neonate and until the infant is approximately 
8 months old, the spleen signal intensity is isointense to 
the liver on Tl-weighted images and varies from iso- to 
hypointense relative to the liver on T2-weighted images 
(fig. 5.6). As the RES matures, the spleen displays a 
hypointense signal relative to the liver on Tl-weighted 
images, with a gradual increase in the spleen signal 
relative to the liver on T2-weighted images, approaching 
the normal appearance of the adult spleen [10]. 



NORMAL 
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Fig. 5.6 Normal spleen in a 1-month-old patient. T2- 

weighted fat-suppressed spin-echo image. Normal spleen (S) is 
low signal intensity, comparable to liver on T2-weighted image. 



Normal Variants and Congenital Disease 

Accessory Spleens and Wandering Spleen 

Accessory spleens, or "spleniculi," are congenital ectopic 
foci of splenic tissue that fail to fuse with the spleen. 
This anatomic variant is found in about 10-30% of non- 
selected autopsy cases. Because of its congenital origin, 
the accessory spleens are located within the embryo- 
logical dorsal mesentery of stomach and pancreas. The 
majority of spleniculi are located in close proximity to 
the splenic hilum. One in six accessory spleens is 
located in or adjacent to the tail of the pancreas, which 
may resemble the appearance of an islet cell tumor (fig. 
5.7) [11]. Most intrapancreatic accessory spleens are well 
marginated and have rounded morphology similar to 
other pancreatic lesions, especially like pancreatic neu- 
roendocrine tumors [11]. Superparamagnetic iron oxide 
(SPIO) particles can be used for the differentiation of 
intrapancreatic accessory spleens from these tumors. 
Intrapancreatic accessory spleens take up SPIO and 
show decreased signal on postcontrast T2-weighted 
images (fig 5.7), but the tumors do not take up the 
agent [11]. Other accessory spleen locations include the 
suspensory ligament of spleen, left kidney, left testis, or 
elsewhere in retroperitoneum (fig. 5.8a-c). Their size 
varies from microscopic deposits to nodules with a 
diameter ranging from a few millimeters to 3 cm. After 
splenectomy they may enlarge considerably in size 
[12]. The diagnosis of accessory spleen should be 
considered when a mass has pre- and postcontrast 
imaging characteristic similar to those of spleen. They 
are clinically important insofar as they must be differ- 
entiated from other mass lesions. Spleniculi may also 
be confidently characterized in the patient who has 
undergone repeated blood transfusions because they 
will be nearly signal void on T2- or T2*-weighted 



sequences because of iron deposition within the RES of 
the splenules [13]. 

Wandering spleen is a condition in which the 
spleen is free to move if the ligamentous attachments 
of the spleen are lax or absent [10]. The spleen is not 
located in the left upper quadrant and may be found 
in the center of the abdomen or pelvis (fig. 5-Sd-g). 
This condition is usually seen in patients with deficient 
musculature of the anterior abdominal wall such as 
prune-belly syndrome [10]. The splenic hilum is usually 
located anteriorly. Patients with wandering spleen 
may present with acute abdominal symptoms due to 
torsion about an elongated pedicle [14]. Splenic isch- 
emia, infarction, and twisted elongated pedicle can be 
detected with MRI, particularly on postgadolinium 
images [14]. Edema may be seen as increased signal in 
the splenic parenchyma on T2-weighted images, and 
decreased enhancement or the lack of enhancement in 
the splenic parenchyma may be seen on postgadolin- 
ium images. 

Asplenia 

Asplenia syndrome, right isomerism (situs ambiguous 
with asplenia, bilateral right-sidedness), or Ivemark syn- 
drome is a congenital syndrome characterized by 
absence of the spleen associated with thoracoabdomi- 
nal abnormalities (fig. 5.9). The majority of patients 
die in infancy, with few surviving longer than 1 year. 
The mortality in the first year of life approaches 80% 
because of complex and severe cardiovascular anoma- 
lies and a compromised immune system. In cardiac 
MRI studies in which cardiovascular anomalies raise 
the possibility of asplenia, a limited abdominal MRI 
should be performed at the same time to evaluate 
abdominal situs ambiguous and associated abnormali- 
ties, abdominal vessels, and the presence of the spleen, 
because asplenic patients are at risk of sepsis [15-17]. 
Associated abnormalities include the liver located in the 
midline, ipsilateral inferior vena cava and aorta, dextro- 
cardia or levocardia, and variable forms of intestinal 
malrotation. 

Polysplenia 

Polysplenia syndrome is a congenital syndrome charac- 
terized by multiple small splenic masses and left iso- 
merism (situs ambiguous with polysplenia, bilateral 
left-sidedness). The splenic masses vary from 2 to 1 6 in 
number and are distributed along the greater curvature 
of the stomach (fig. 5.10). Other associated abnormali- 
ties include cardiopulmonary anomalies, malrotation of 
the intestinal tract, absence of the hepatic segment of 
the inferior vena cava with azygous or hemiazygous 
continuation, duplicated inferior vena cava, midline or 
left-sided liver, right-sided aorta, and a short pancreas. 
Polysplenia has also been associated with cystic kidney 
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Fig. 5.7 Accessory spleen in pancreas. Tl-weighted SGE (a), T2-weighted fat-suppressed echo-train single-shot (£>), immedi- 
ate postgadolinium Tl-weighted SGE (c), and delayed Tl-weighted fat-suppressed SGE (d) images. Tl-weighted SGE demonstrates 
a mass in the pancreatic tail that is homogeneously hypointense compared to background pancreas (a). T2-weighted fat-suppressed 
image shows a round mass in the tail of the pancreas that demonstrates moderate homogeneous hyperintensity (arrow, b). 
Immediate postgadolinium-enhanced Tl-weighted SGE demonstrates homogeneous enhancement of the mass (c). Ninety-second 
gadolinium-enhanced Tl-weighted fat-saturated SGE demonstrates lower enhancement of the mass compared with surrounding 
pancreatic tissue (d). Immediate (e) and 45-s (/") postgadolinium Tl-weighted fat-suppressed 3D-GE images, precontrast T2-weighted 
single-shot echo-train spin-echo (g), and post-superparamagnetic iron oxide (SPIO) T2-weighted single-shot echo-train spin-echo (h) 
images in a second patient with intrapancreatic accessory spleen. The lesion (arrows) is located in the pancreatic tail and demon- 
strates enhancement pattern similar to the spleen, which is seen as a serpiginous enhancement pattern on immediate and 45-s 
3D-GE images (e, /). The lesion (arrows), which shows similar signal intensity to the spleen on precontrast T2-weighted image (g), 
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Fig. 5.7 (Continued) demonstrates signal drop on post-SPIO T2-weighted image (h) similar to the spleen, due to the presence 
of RES cells. 



diseases. In comparison with asplenia, polysplenia has 
a lower mortality, and serious cardiac malformations are 
less common. MRI can demonstrate the situs ambi- 
guous, abdominal vessels, and the number of spleens 
together with such complications as splenic hemor- 
rhages or infarcts [16, 17]. 

Gaucher Disease 

Gaucher disease is an autosomal recessive lysosomal 
multisystem hereditary disease caused by deficient glu- 
cocerebrosidase activity. Glucocerebroside, a glycolipid, 
accumulates in the mononuclear phagocytic cells of 
organs [18]. The abdominal manifestations of Gaucher 
disease in a population of 46 patients have been 
described with conventional spin-echo technique [18]. 
All patients had hepatosplenomegaly. Splenic nodules 
of variable signal intensity were present in 14 patients 
(30%). Fifteen patients (33%) had splenic infarcts with 
or without associated subcapsular fluid collections, and 
four patients (9%) had both infarcts and nodules. Focal 
areas of abnormal signal intensity were noted in the 
livers of nine patients (20%). 

Sickle Cell Disease 

The manifestations of sickle cell anemia vary and 
depend on whether the patient is homozygous or het- 
erozygous for the hemoglobinopathy. The spleen shows 
low signal because of iron deposition from blood trans- 
fusions. In patients with homozygous disease, the 
spleen is nearly and diffusely signal void because of the 
sequela of iron deposition coupled with microscopic 
perivascular and parenchymal calcifications [19] (fig. 



5.11a). Regions of scarring and infarcts are also common 
(fig. 5.11 b-d). 



MASS LESIONS 

The appearance of common splenic lesions on Tl- 
weighted, T2-weighted, and early and late postgado- 
linium images is presented in Table 5.1. 

Benign Masses 

Cysts 

Cysts are the most common of the benign splenic 
lesions. Three types of nonneoplastic cysts exist: post- 
traumatic or pseudocyst, epidermoid cysts, and hydatid 
cysts [20]. Most splenic cysts are posttraumatic in origin. 
They are not lined by epithelium and thus are pseudo- 
cysts. Epidermoid cysts are true cysts discovered in 
childhood or early adulthood that may have trabecula- 
tions or septations in their walls with occasional peri- 
pheral calcification [20, 21] (fig. 5.12). Hydatids, or 
echinococcal cysts, are rare. They are characterized by 
extensive wall calcification. The MRI features of cysts 
include sharp lesion margination, low signal intensity 
on Tl -weighted images, and very high signal intensity 
on T2 -weighted images. Cysts complicated by protein- 
aceous fluid or hemorrhage may have regions of high 
signal intensity on Tl -weighted images, regions of 
mixed signal intensity on T2-weighted images, or both. 
Cysts do not enhance on postgadolinium images. 
Pseudocysts may be complicated by hemorrhage, par- 
ticularly early in their evolution, and thus may contain 
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Fig. 5.8 Splenules and wandering spleen. Tl-weighted SGE (a), T2-weighted spin-echo (£>), and immediate postgadolinium 
SGE (c) images. Two splenules are identified (arrows, a) that parallel the signal intensity of the spleen. They are low in signal 
intensity on Tl-weighted images (a) and high in signal intensity on T2-weighted images (£>) and enhance intensely on immediate 
postgadolinium image (c).The splenules show heterogeneous enhancement on immediate postcontrast images, which suggests that 
they have architecture similar to that of the spleen. Tl-weighted coronal SGE (d), T2-weighted single-shot echo-train spin-echo (e), 
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Fig. 5.8 (Continued) immediate postgadolinium Tl-weighted SGE (/"), and delayed postgadolinium fat-suppressed Tl-weighted 
SGE (g) images demonstrate the wandering spleen located in the pelvis in another patient. 




Fig. 5.9 Asplenia. T2 black blood single-shot echo-train spin- 
echo (a, b) at the level of the heart (a) and liver (b) and coronal 
source MRA (c) images. Eight-month-old patient with endocardial 
cushion defect, common AV valve (arrow, a), and situs ambigu- 
ous, with the stomach (St, b) on the right side. No spleen is 
present. 
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Fig. 5.10 Polysplenia. Tl -weighted fat-suppressed SE (a), 
T2-weighted fat-suppressed SE at the level of the upper (b) and 
lower (c) liver, immediate postgadolinium Tl -weighted snap-shot 
gradient-echo (d), and 2-min postgadolinium Tl-weighted fat- 
suppressed spin-echo (e) images. Situs ambiguous is present in 
this 3-month-old patient (a, b), with the liver in the left upper 
abdomen and the stomach (St, a) in the right upper abdomen. 
Multiple small spleens are noted along the greater curvature of the 
stomach (arrows, a), which are moderately low signal on Tl (a) 
and moderately high signal on T2 (c) and demonstrate early 
intense enhancement (d) with fading on delayed postgadolinium 
images (e), consistent with the MR imaging appearance of multi- 
ple spleens. 
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Fig. 5.11 Sickle cell disease. Tl-weighted SGE (a) and 
hepatic venous phase postgadolinium Tl-weighted SGE (£>) 
images. The spleen is noted to be small and low in signal intensity 
on all MR images (a, b). On the precontrast Tl-weighted SGE 
image (a), multiple 1-cm signal-void foci are noted in the small, 
low-signal-intensity spleen. These foci are better demarcated after 
contrast administration (b) because of enhancement, although 
minimal, of surrounding splenic parenchyma. Tl-weighted SGE 
(c), T2-weighted echo-train spin-echo (d), and hepatic venous 
phase postgadolinium Tl-weighted SGE (e) images in a second 
patient. The spleen is small and irregular with extensive low-signal 
iron deposition, regions of scarring, and infarction. 



foci of high signal intensity on precontrast Tl-weighted 
images (fig. 5.13). 

Hemangiomas 

Hemangiomas are the most common of the benign 
splenic neoplasms [22, 23]. Lesions may be single or 
multiple. Splenic hemangiomas are mildly low to isoin- 
tense on Tl-weighted images and mildly to moderately 



hyperintense on T2-weighted images, similar to hepatic 
hemangiomas. Hemangiomas are minimally hypoin- 
tense to isointense with background spleen on Tl- 
weighted images, because of the relatively low signal 
intensity of spleen on these images, and minimally 
hyperintense relative to spleen on T2-weighted images, 
because of the moderately high signal intensity of spleen 
on T2-weighted images. Three patterns of contrast 
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Table 5.1 


Pattern Recognition of the Most Common Splenic Lesions 




T1 


T2 


Early Gd 


Late Gd 


Other Features 


Cyst 


1-0 


TT 


None 


None 


Well-defined 


Hamartoma 





0-T 


Heterogeneous intense 


Homogeneous 
enhancement, 
isointense to the spleen 


Usually >4cm and arise from the medial 
surface of the spleen 


Hemangioma 


1-0 


T 


Peripheral nodules or 
homogeneous 


Centripetal enhancement; 
retain contrast 


Usually <2cm 

Lesion more commonly enhances 

homogeneously on immediate post-Gd 

images compared to liver hemangiomas, 

reflecting their small size 
Peripheral nodules are not as clearly 

defined as liver hemangiomas 


Metastases 


1-0 


0-T 


Focal lesions with 
minimal enhancement 


Isointense or hypointense 


Metastases commonly become isointense 
by 1 min post-Gd 


Lymphoma 
— focal 


1-0 


i-T 


Focal lesions with 
minimal enhancement 


Isointense or hypointense 


Other sites of nodal disease 
Lymphomatous lesions commonly become 
isointense by 1 min post-Gd 


Lymphoma 
— diffuse 


1-0 


i-T 


Irregular regions with 
minimal enhancement 


Isointense or hypointense 


Other sites of nodal disease 
Lymphomatous lesions commonly become 
isointense by 1 min post-Gd 



Keys: TT: moderately to markedly decreased; I: mildly decreased; 0: isointense; T: mildly increased; TT: moderately to markedly increased. 




Fig. 5.12 Epidermoid cyst. Immediate postgadolinium 
Tl -weighted SGE image demonstrates a signal-void cystic lesion 
with peripheral septations. 



enhancement are observed: 1) immediate homogeneous 
enhancement with persistent enhancement on delayed 
images, 2) peripheral enhancement with progression to 
uniform enhancement on delayed images (fig. 5.14), 
and 3) peripheral enhancement with centripetal progres- 
sion but persistent lack of enhancement of central scar. 
These patterns are similar to those observed for hepatic 
hemangiomas. However, unlike hepatic hemangiomas, 
splenic hemangiomas generally do not demonstrate 
well-defined nodules on early postgadolinium images. 
This may, in part, reflect the blood supply from the 
background organ. Uniform high signal on immediate 



postgadolinium SGE images is a common appearance 
for small (<1.5cm) hemangiomas, as it is with hepatic 
hemangiomas. Rarely, hemangiomas with a very large 
central scar can appear hypointense on T2-weighted 
images, reflecting the lower fluid content of the central 
scar (fig. 5.15). These may be termed sclerosing 
hemangiomas. 

Littoral Cell Angioma 

Littoral cell angioma (LCA) is a vascular lesion that was 
first described in 1991 as a benign vascular tumor 
arising from littoral cells, which line the splenic sinus 
of the red pulp [24]. LCA is composed of multiple blood- 
filled vascular channels. Macroscopically, the spleen is 
enlarged, and these tumors are usually multiple and 
nodular, with their size ranging from 0.2 to 9 cm. They 
are well defined and compress the adjacent splenic 
tissue. Patients with LCA commonly present with signs 
of hypersplenism (anemia, thrombocytopenia). LCA are 
thought to be benign tumors, but the malignant poten- 
tial of LCA has not yet been ascertained. MRI shows the 
tumor to be multiple with regular well-defined margins 
and mildly low signal to isointensity on Tl -weighted 
SGE images, low to moderately high signal intensity on 
T2-weighted images, mild heterogeneous enhancement 
on arterial dominant phase, and homogenous enhance- 
ment on delayed phase [25, 26] (fig. 5.16). Homogenous 
delayed enhancement and absence of underlying 
disease such as lymphoma, metastatic diseases, sar- 
coidosis, or tuberculosis help to establish the correct 
diagnosis. 
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Fig. 5.13 Pseudocyst. Tl-weighted SGE (a), T2-weighted single-shot echo-train spin-echo (£>), and 90-s gadolinium-enhanced 
fat-suppressed SGE (c) images. High-signal-intensity foci are identified in the cyst on the precontrast SGE image (arrows, a), a finding 
consistent with hemorrhage. Slight heterogeneity of the cyst on the T2-weighted image (b) also reflects the presence of 
blood degradation products. The cyst is sharply demarcated after gadolinium administration (c).The foci of blood remain high in 
signal intensity on postgadolinium images. Tl-weighted fat-suppressed SGE (d), T2-weighted single-shot echo-train spin-echo (e), 
immediate postgadolinium Tl-weighted SGE (/"), and 90-s gadolinium-enhanced Tl-weighted fat-suppressed SGE (g) images in 
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Fig. 5.13 (Continued) a second patient. The pseudocyst is 
low signal on Tl (arrow, d) and high signal on T2 (e) and does 
not enhance on early (/") or late (g) postgadolinium images. 
Coronal Tl -weighted single-shot magnetization-prepared gradient- 
echo (h), coronal T2-weighted echo-train spin-echo (i), Tl- 
weighted single-shot magnetization-prepared gradient-echo (/'), 
and 45-s postgadolinium single-shot magnetization-prepared gradi- 
ent-echo (k) images in a third patient with multiple splenic cysts. 
Renal cysts are also present. 




Hamartomas 

Hamartomas are rare and composed of structurally dis- 
organized mature splenic red pulp elements. The lesions 
tend to be single, spherical, and predominantly solid. 
They are most likely to occur in the midportion of the 
spleen, arising from the anterior or posterior aspect of 
the convex surface. These tumors are mildly low to 



isointense on Tl -weighted images and moderately high 
in signal intensity on T2 -weighted images [23, 27, 28]. 
They frequently are moderately heterogeneous, in part 
because of the presence of cystic spaces of varying size. 
If the composition of fibrous tissue is substantial, ham- 
artomas may have regions of low signal intensity on 
T2-weighted images [27]. They enhance on immediate 
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Fig. 5.14 Hemangiomas. Tl-weighted SGE (a), T2-weighted fat-suppressed spin-echo (£>), and 45-s (c) and 10-min (d) postg- 
adolinium SGE images. Two small, < 1.5 cm, hemangiomas are present that are minimally hypointense on Tl-weighted images (a) 
and moderately hyperintense on T2-weighted images (arrows, b). Peripheral nodules are present on early postgadolinium 
images (c), and enhancement progresses to uniform high signal intensity by lOmin (d). Tl-weighted SGE (e), T2 fat-suppressed 
spin-echo (/"), immediate postgadolinium Tl SGE (g), and 90-s postgadolinium Tl -fat-suppressed SGE (h) images in a second patient. 
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Fig. 5.14 (Continued) The small hemangioma in the superior aspect of the spleen is isointense on Tl and moderately hyper- 
intense on T2 (arrow, f) and shows early uniform enhancement (g) that persists on the late postgadolinium image (If). The hem- 
angioma is better demonstrated on the later postgadolinium image as background splenic enhancement has diminished and is 
uniform. Early uniform enhancement is common in <1.5-cm hemangiomas. 

Tl-weighted SGE (t), T2-weighted fat-suppressed spin-echo (/'), immediate postgadolinium Tl-weighted SGE (&), and 90-s 
gadolinium-enhanced Tl-weighted SGE (/) images in a third patient. The lesion is isointense on Tl(z') and moderately hyperintense 
on the T2-weighted image (arrow, j). Note centripetal (k, /) progressive enhancement of the hemangioma resembling the pattern 
of a hepatic hemangioma. 
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Fig. 5.15 Sclerosing hemangioma. Tl-weighted SGE (a), T2-weighted fat-suppressed single-shot echo-train spin-echo (£>), and 
immediate and 90-s postgadolinium Tl-weighted fat-suppressed 3D GRE (c, d) images demonstrate a 1-cm hemangioma that is 
isointense with spleen on the Tl-weighted image (a) and markedly hypointense on the T2-weighted image (arrow, b). Peripheral 
nodule of enhancement is present on the early postgadolinium image (c), with moderate progressive enhancement on the delayed 
postgadolinium image (d). The combination of hypointensity on T2-weighted image with only moderate progression of nodular 
enhancement on post contrast Tl-weighted image is consistent with a sclerosing hemangioma. 



postgadolinium SGE images in an intense diffuse het- 
erogeneous fashion [23, 27, 28] (fig. 5.17). Diffuse 
enhancement on immediate postgadolinium images is 
generally observed in tumors that are native to the 
organ in which they occur. Lesion size and enhance- 
ment pattern may mimic a more aggressive lesion. 
Lesions may also resemble normal splenic parenchyma 
(fig. 5.17). Enhancement becomes homogeneous on 
more delayed images, with signal intensity slightly 
greater than in background spleen. The early diffuse 
heterogeneous enhancement permits distinction from 
hemangioma [23]. 

Lymphangiomas 

Lymphangiomas are composed of collections of small 
and cystically dilated lymphatic channels. Splenic 
lymphangiomatosis is rare and usually appears as a 



subcapsular multiloculated mass with increased signal 
intensity on T2-weighted images and enhancing septa 
on late-phase gadolinium-enhanced imaging [29]. 

Malignant Masses 

Lymphoma and Other Hematologic Malignancies 

Hodgkin and non-Hodgkin lymphomas often involve 
the spleen [30-32]. Lymphomatous deposits in the 
spleen frequently parallel the signal intensity of splenic 
parenchyma on Tl- and T2 -weighted images. Therefore, 
conventional unenhanced spin-echo MRI has had only 
limited success in imaging lymphomatous involvement 
of the spleen [31]. Immediate postgadolinium SGE 
images, however, surpass CT images for the evaluation 
of lymphoma [4]. This is explained by the higher sen- 
sitivity of MRI for gadolinium and its ability to acquire 
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Fig. 5.16 Littoral cell angioma. Coronal T2-weighted echo- 
train spin-echo (a), T2-weighted fat-suppressed echo-train spin- 
echo (&), Tl-weighted SGE (c), immediate Tl-weighted SGE (d), 
and delayed postgadolinium fat-suppressed SGE (e) images. There 
are multiple splenic lesions that are moderately high in signal 
intensity on T2-weighted coronal image (a), high in signal intensity 
on T2-weighted fat-suppressed image (£>), and isointense on Tl- 
weighted image (c) and enhance heterogeneously on immediate 
postgadolinium images (arrow, d) and progress to isointensity in 
late images (e). 




images of the entire spleen in a rapid fashion after a 
compact bolus of contrast. 

Splenic involvement may have various appearances 
on immediate postgadolinium images. Diffuse involve- 
ment may appear as large, irregularly enhancing regions 
of high and low signal intensity (fig. 5.18), in contrast 
to the uniform bands that characterize normal arciform 
enhancement. Multifocal disease is also common, 
appearing as focal low-signal-intensity mass lesions 
scattered throughout the spleen [4]. Focal lesions may 
occur in a background of arciform-enhancing spleen or 
in a background of uniformly enhancing spleen. Focal 
involvement appears as spherical lesions, in distinction 



to the wavy tubular pattern of arciform enhancement 
of uninvolved spleen. Focal lymphomatous deposits 
may be low in signal intensity compared to background 
spleen on T2-weighted images (fig. 5.19), which is a 
feature distinguishing lymphomas from metastases, 
which are rarely low in signal intensity and usually 
isointense to hyperintense. Although splenomegaly is 
most often present, lymphoma may involve normal- 
sized spleens (fig. 5.20). Lymphoma also may appear 
as a large mass involving spleen and contiguous organs 
such as stomach, adrenal, or kidney. Bulky lymphade- 
nopathy is frequently, but not invariably, present. It is 
critical to acquire SGE images within the first 30 s after 
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Fig. 5.17 Hamartoma. Coronal T2-weighted single-shot echo-train spin-echo (a), T2-weighted fat-suppressed single-shot echo- 
train spin-echo (&), Tl-weighted SGE (c), immediate postgadolinium Tl-weighted SGE (d), and late postgadolinium Tl-weighted 
fat-suppressed spin-echo (e) images demonstrate a lesion in the spleen that is moderately high in signal intensity on T2-weighted 
images (a, b) and isointense on Tl-weighted image (c). The lesion enhances heterogeneously on immediate postgadolinium SGE 
image (d). On delayed image (e) enhancement becomes more homogeneous and is greater than that of background spleen. Tl- 
weighted SGE (/"), T2-weighted fat-suppressed spin-echo (g), and immediate (/?), 90-s (/), and 10-min (/') postgadolinium images 
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Fig. 5.17 (Continued) in a second patient. A 4-cm hamartoma arises from the anterior aspect of the midportion of the spleen 
(arrow,/). The signal intensity of the hamartoma is very similar to that of background spleen on all imaging sequences. A cleavage 
plane from spleen is noted on the T2-weighted image (g). On the immediate postgadolinium image (h), the tumor has intense, 
uniform enhancement, which is different from the arciform enhancement of the normal splenic parenchyma. 

Tl-weighted SGE (&),T2-weighted fat-suppressed echo-train spin-echo (/), immediate postgadolinium Tl-weighted SGE (m), 
and 90-s gadolinium-enhanced Tl-weighted fat-suppressed SGE (n) images in a third patient. A large hamartoma in the anterior 
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Fig. 5.17 (Continued) aspect of the spleen displaces the stomach (St, k) medially. The mass is near-isointense to the spleen 
on all sequences. It shows intense heterogeneous enhancement on the immediate postgadolinium image, similar to the intensity 
of spleen but with a different pattern. Tl-weighted SGE (o), T2-weighted fat-suppressed single-shot echo-train spin-echo (p), and 
immediate (q) and delayed (r) postgadolinium Tl-weighted fat-suppressed 3D-GE images at 3.0 T show splenic hamartoma demon- 
strating similar findings in another patient with cirrhosis and portal hypertension. 
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Fig. 5.18 Diffuse infiltration with lymphoma. Immediate postgadolinium Tl -weighted SGE image (a) demonstrates irregular 
regions of high and low signal intensity in the spleen in this patient with non-Hodgkin lymphoma. Irregular enhancement is observed 
in the setting of diffuse infiltration. Immediate postgadolinium SGE image (£>) in a second patient with non-Hodgkin lymphoma 
demonstrates irregular enhancement of the spleen consistent with diffuse infiltration. Enhancing lymph nodes (arrows, b) are also 
noted. Tl-weighted SGE (c), T2-weighted echo-train spin-echo (d), immediate postgadolinium Tl-weighted SGE (e), and 90-s post- 
gadolinium Tl-weighted fat-suppressed SGE (/") images in a third patient with B cell lymphoma infiltrating the spleen. The spleen 
is homogeneous in signal intensity on Tl (c) and is heterogeneous on the T2-weighted image (d). Diffuse heterogeneous enhance- 
ment with large irregular foci of decreased enhancement is appreciated on the immediate postgadolinium image (e) that persists 
on the late image (/"). 
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Fig. 5.19 Non-Hodgkin lymphoma with multifocal splenic involvement. Tl -weighted SGE (a), T2-weighted fat- 
suppressed spin-echo (£>), and immediate (c) and 2-min (d) postgadolinium SGE images. Splenomegaly is present. Lesions are not 
apparent on the precontrast SGE image. Several low-signal-intensity focal mass lesions are identified on T2-weighted images, an 
appearance that is not uncommon for lymphoma but rare for other malignant tumors. Multiple focal masses are most clearly dem- 
onstrated on immediate postgadolinium images (c). Lymphomatous foci become isointense with background spleen by 2min after 
contrast id). Immediate (e) and 90-s (f) postgadolinium SGE images in a second patient. Multiple low-signal-intensity masses are 
identified on the immediate postgadolinium image (e). Lesions become isointense with background spleen by 90s. 



contrast administration because foci of lymphoma equil- 
ibrate early, becoming isointense with normal splenic 
tissue within 2min and frequently earlier [2, 4]. A rare 
appearance is that of a solitary mass involving the 
spleen, which may also show relatively internal diffuse 



and mildly heterogeneous enhancement on immediate 
postgadolinium SGE images (fig. 5.21). This appearance 
may mimic that of splenic hamartomas. The presence 
of symptoms and signs of systemic disease may suggest 
the diagnosis of lymphoma. 
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Superparamagnetic particles also improve the accu- 
racy of diagnosing splenic lymphoma [9, 10]. These 
particles are selectively taken up by the RES cells and 
cause a decrease in signal intensity. By contrast, malig- 




F i G . 5.20 Hodgkin lymphoma. Immediate postgadolin- 
ium image demonstrates multiple low-signal-intensity masses 
within a normal-sized spleen. Rounded lesions are present in a 
background of arciform-enhancing spleen. 



nant cells do not take up superparamagnetic particles. 
Therefore, splenic lymphoma remains hyperintense 
compared to the normal spleen, improving tumor- 
spleen contrast [9, 10]. 

Chronic lymphocytic leukemia frequently involves 
the spleen and may result in massive splenomegaly. 
Focal deposits are more infiltrative and less well-defined 
than lymphoma. Deposits are well shown after gado- 
linium administration and appear as irregular hypoin- 
tense masses on early postcontrast images (fig. 5.22). 
Malignancies related to leukemia, such as angioimmu- 
noblastic lymphadenopathy with dysproteinemia, have 
a similar appearance, with irregular regions of low 
signal intensity within the spleen on immediate post- 
gadolinium images (fig. 5.23). Lymphadenopathy is fre- 
quently present. 

Chemotherapy-treated lymphomatous deposits in 
the spleen can appear as fibrotic nodules that are low 
signal intensity on Tl-weighted and T2-weighted images 
and demonstrate negligible enhancement on early and 
late postgadolinium images (fig. 5.24). These imaging 
features may be correlated clinically with a favorable 
response to therapy. 




Fig. 5.21 Splenic lymphoma presenting as a solitary 
mass. T2-weighted fat-suppressed echo-train spin-echo (a), imme- 
diate postgadolinium Tl-weighted SGE (£>), and 90-s postgadolin- 
ium fat-suppressed SGE (c) images. A 6-cm solitary mass arises 
from the spleen that is mildly heterogeneous and hyperintense on 
the T2-weighted image (a). The mass enhances moderately in a 
diffuse heterogeneous fashion on the immediate postgadolinium 
image (arrow, £>), with slightly increased signal intensity by 90s 
after contrast (c). The appearance resembles a hamartoma, with 
diffuse heterogeneous enhancement. Substantially less enhance- 
ment is present of this lymphomatous mass than is typically seen 
with a hamartoma. The patient presented with systemic symp- 
toms, which is a picture in keeping with lymphoma and not 
hamartoma. The patient did not have retroperitoneal adenopathy, 
which is another uncommon feature of splenic lymphoma. 
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Metastases 

Although tumors may invade the spleen from contigu- 
ous viscera, true tumor metastasis to the spleen is rare, 
usually occurring only in the setting of disseminated 




Fig. 5.22 Chronic lymphocytic leukemia. The spleen is 
noted to be massively enlarged and contains irregularly margin- 
ated focal low-signal-intensity masses on the 45-s postgadolin- 
ium Tl -weighted SGE image. 



disease in the terminal stage. Breast cancer, lung cancer, 
and melanoma are the most common primary tumors 
[33]. The most generally accepted theory to account for 
the relative scarcity of splenic metastasis is based on 
the absence of afferent lymphatic channels within the 
spleen [34]. Metastases tend to be in the form of nodules 
or aggregates of tumor, and they are particularly prone 
to disrupt the normal splenic architecture. Splenic 
metastases often are occult on conventional spin-echo 
imaging [32]. One notable exception is melanoma, 
because its paramagnetic properties may result in a 
mixed population of high- and low-signal-intensity 
lesions on both Tl- and T2-weighted images. Lesion 
detection is improved by acquiring immediate postg- 
adolinium SGE images [3] (fig. 5.25). Metastases are 
lower in signal intensity than normal splenic tissue on 
these images. Images must be acquired within the first 
30 s after gadolinium administration because metastases 
rapidly equilibrate with splenic parenchyma. Image 
acquisition with superparamagnetic iron oxide particles 
renders metastases higher in signal intensity than normal 
spleen [7, 91 An attractive feature of iron oxide particles 
is that the imaging window is longer (60min) than for 
gadolinium (<lmin) [7, 91. 





Fig. 5.23 Angioimmunoblastic lymphadenopathy with dys- 
proteinemia. T2-weighted fat-suppressed spin-echo (a), immediate 
postgadolinium Tl -weighted SGE (£>), and 90-s postgadolinium fat- 
suppressed SGE (c) images. The spleen is noted to be markedly 
enlarged. Lymphadenopathy is moderately high in signal intensity on 
T2-weighted images and is rendered conspicuous because of the sup- 
pression of fat signal intensity (arrows, a). Mild enhancement of lymph 
nodes is noted on immediate postgadolinium SGE (£>). Lymph nodes 
enhance more intensely in the interstitial phase and are more clearly 
defined by the suppression of fat signal intensity (c). Splenic involve- 
ment is demonstrated by irregular, poorly marginated, large regions 
of diminished enhancement on the immediate postgadolinium image 
(b). Enhancement of the spleen is more uniform by 90s after contrast 
(c), and signal intensity is mildly heterogeneous on the T2-weighted 
image. 
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Fig. 5.24 Chemotherapy-treated splenic lymphoma. Tl-weighted SGE (a), T2-weighted single-shot echo-train spin-echo 
(£>), immediate postgadolinium Tl-weighted SGE (c), and 90-s postgadolinium Tl-weighted fat-suppressed SGE (d) images. Foci of 
treated lymphoma are hypointense on Tl (a) and hypo- to isointense on T2 (£>) and demonstrate negligible enhancement on early 
(c) and late (d) postgadolinium images. The low signal on T2 reflects a diminished fluid content, and fibrous changes result in the 
diminished enhancement. Tl-weighted SGE (e), breath-hold STIR (/"), immediate postgadolinium SGE (g), and 90-s postgadolinium 





Fig. 5.24 (Continued) SGE (h) images in a second patient with Hodgkin lymphoma receiving chemotherapy. There are multiple 
small hypointense lesions on Tl (e)- and T2 (/>weighted images, which shows peripheral or diffuse enhancement after contrast 
administration (g, h) reflecting the different stages of the fibrotic process. These lesions remained stable in appearance in follow-up 
MRI exams (not shown). 






Fig. 5.25 Splenic metastases. Tl-weighted SGE (a), T2-weighted fat-suppressed spin-echo (b), and immediate postgadolinium 
Tl-weighted SGE (c) images in a woman with endometrial cancer. Metastases are noted throughout the spleen that are mixed 
hypointense and isointense on the Tl-weighted image (a), mixed isointense and hyperintense on the T2-weighted image (£>), and 
low in signal intensity on the immediate postgadolinium image (c). Note that metastases are best shown on the immediate post- 
gadolinium image. The largest metastasis is distinctly demonstrated on the T2-weighted image (b). The smaller lesions are poorly 
shown, despite the presence of iron deposition. Ascites is also present and is low in signal intensity on pre- and postcontrast Tl- 
weighted images and high in signal intensity on the T2-weighted image. Transverse 90-s postgadolinium fat-suppressed SGE image 
id) in a second patient demonstrates an expansive destructive lesion (arrow, d) in the posterior aspect of the spleen associated 
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Fig. 5.25 (Continued) with a large subcapsular fluid collec- 
tion. T2-weighted short-tau inversion recovery (STIR) (e), Tl- 
weighted immediate postgadolinium SGE (/"), and Tl -weighted 
delayed postgadolinium fat-suppressed 3D-GE (g) images in 
another patient with spleen and liver metastases from lung cancer. 
The metastases show mildly high signal on STIR image. Splenic 
metastases (arrows, f, g) which are hypovascular demonstrate 
peripheral enhancement on postgadolinium images. Tl -weighted 
fat-suppressed 3D-GE (h) and Tl -weighted immediate postgado- 
linium fat-suppressed 3D-GE (i) images at 3.0 T in another patient 
with ovarian cancer. There is a large metastasis (arrows, h, f) 
located in the spleen demonstrating heterogeneous enhancement 
on immediate postgadolinium 3D-GE image (/). 




Direct Tumor Invasion 

Direct tumor invasion is most commonly observed with 
pancreatic cancers including ductal adenocarcinoma, 
islet cell tumor, and macrocystic cystadenocarcinoma 
(fig. 5.26). Direct extension from tumors of gastric, 
colonic, renal, and adrenal origins, in decreasing order 
of frequency, is also observed. Lymphoma has a par- 



ticular propensity to involve the spleen in continuity 
with other organs. 

Angiosarcoma 

Angiosarcoma is rare but represents the most common 
primary nonlymphoid malignant tumor of the spleen. 
Tumors may be single or multiple and demonstrate an 
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Fig. 5.26 Direct tumor invasion. Immediate postgadolin- 
ium Tl-weighted SGE (a) image demonstrates invasion of the 
splenic hilum by a large infiltrative pancreatic ductal adeno- 
carcinoma (arrows, a). Tl-weighted SGE (£>), T2-weighted fat- 
suppressed single-shot echo-train spin-echo (c), Tl-weighted 
postgadolinium 45-s SGE (d) and 90-s fat-suppressed 3D-GE (e) 
images in another patient with pancreatic neuroendocrine tumor. 
The tumor (white arrows, b-e) is located in the pancreatic tail and 
invades the spleen (black arrows, c-e). 
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Fig. 5.27 Angiosarcoma of the spleen. Tl-weighted SGE (a), coronal T2-weighted single-shot echo-train spin-echo (£>), 
immediate postgadolinium Tl-weighted fat-suppressed 3D GRE (c), and delayed postgadolinium coronal Tl-weighted fat-suppressed 
3D GRE (d) images demonstrate a large splenic mass that is hypointense on Tl-weighted image (a) and mildly high in signal inten- 
sity on T2-weighted image (b). The mass enhances heterogeneously on immediate postgadolinium images (c), and enhancement 
progresses on delayed images (d). 



aggressive growth pattern [35, 36]. Rupture is not 
uncommon, and hemorrhage is a frequent finding. 
Angiosarcomas commonly demonstrate a variety of 
signal intensities on Tl-weighted images because of the 
varying ages of blood products [37]. Tumors are usually 
highly vascular and enhance intensely with gadolinium 
[37] (fig. 5.27). 



MISCELLANEOUS 

Splenomegaly and Vascular Pathologies 

Splenomegaly may be observed in a number of disease 
states including venous congestion (portal hyperten- 
sion), leukemia, lymphoma, metastases, and various 
infections. In North America, the most common cause 
of splenomegaly is secondary to portal hypertension. 



On immediate postgadolinium images, demonstration of 
arciform or uniform high-signal-intensity enhancement 
is consistent with portal hypertension and excludes the 
presence of malignant disease (fig. 5.28). 

Perisplenic varices and splenorenal shunts are also 
seen commonly in patients with portal hypertension in 
combination with splenomegaly (fig. 5.28). 

Splenic vein thrombosis can be bland or malignant. 
Bland splenic vein thrombosis is commonly seen in 
patients with portal hypertension (for an in-depth dis- 
cussion, see Chapter 2, Liver, and fig. 2.249). Malignant 
splenic vein thrombosis is usually seen in patients with 
pancreatic adenocarcinoma (for an in-depth discussion, 
see Chapter 4, Pancreas, and fig. 4.29). 

Splenic artery aneurysms are the most common 
visceral artery aneurysms [38]. The prevalence of splenic 
artery aneurysm has been reported as 0.04-0.10% at 
autopsy [38]. Most aneursyms are small (usually less 
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Fig. 5.28 Splenomegaly secondary to portal hypertension, splenorenal shunt, and splenic artery aneurysm. Coronal 
Tl-weighted SGE (a), coronal T2-weighted echo-train spin-echo (£>), immediate postgadolinium Tl-weighted SGE (c), and 90-s post- 
gadolinium fat-suppressed SGE (d) images. Massive splenomegaly is demonstrated on all MR images. No focal lesions are present 
on precontrast Tl (a) or T2-weighted (b) images. The presence of arciform enhancement on the immediate postgadolinium SGE 
image (c) excludes the presence of malignant disease. At 90s, the spleen becomes homogeneous in signal (d). Tl-weighted delayed 
postgadolinium 3D-GE images (e, /) demonstrate splenomegaly, splenorenal shunt, and portosystemic collaterals in another patient 
with portal hypertension. Axial Tl-weighted 45-s postgadolinium fat-suppressed 3D-GE images (g, h) and coronal reformatted 3D-GE 
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Fig. 5.28 (Continued) image (i) at 3.0T demonstrate the splenorenal shunt in another patient with portal hypertension. Tl- 
weighted SGE (/'), T2-weighted fat-suppressed single-shot echo-train spin-echo (&), Tl -weighted immediate postgadolinium SGE (/), 
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Fig. 5.28 (Continued) and 45-s fat-suppressed 3D-GE (m) images in 
another patient with primary sclerosing cholangitis, splenomegaly, and 
portal hypertension demonstrate splenic artery aneurysm (arrows). The 
aneurysm is signal void on T2-weighted image (k) and enhances earlier 
on the arterial phase image (/). Reconstructed 3D-MR angiography images 
in, 6) demonstrate distal splenic artery aneurysms in another patient 
(arrows). 



than 2 cm) and saccular. They are located in the middle 
or distal segment of the splenic artery. They can be 
multiple in 20% of cases and substantially more common 
in patients with portal hypertension and cirrhosis (fig. 
5.28). Splenic artery pseudoaneurysms may also be seen 
secondary to digestion of the arterial wall by proteolytic 
pancreatic enzymes in patients with pancreatitis. Splenic 
artery aneurysms are usually detected incidentally. Their 



rupture is rare; however, it may be associated with high 
mortality rate [38]. 

Infection 

Viral infection may result in splenomegaly. The three 
most common viruses to involve the spleen are Epstein- 
Barr, varicella, and cytomegalovirus. Nonviral infectious 
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agents that involve the spleen in patients with normal 
immune status cause histoplasmosis, tuberculosis, 
and echinococcosis [391. These infectious agents are 
observed in immunocompromised patients with an 
even greater frequency (fig. 5.29). In the immunocom- 
promised patient, the most common hepatosplenic 
infection is fungal infection with Candida albicans and 
Cryptococcus [40, 41]. Patients with acute myelogenous 
leukemia are at particular risk for developing fungal 
infections. Multiorgan involvement is common. The 
gastrointestinal tract is almost invariably involved, and 
although esophageal disease is well shown on MR 
images, involvement of the intestines is frequently not 
visible. Esophageal candidiasis is common and rarely 
associated with hepatosplenic candidiasis, whereas 
small intestine candidiasis is more frequently associated 
with this infection. Lesions are most commonly observed 
in the spleen and liver, whereas renal disease is some- 
what uncommon. MR images can demonstrate lesions 
in the acute phase, subacute treated phase, and chronic 
healed phase [40, 42]. Lesions in each of these phases 
have distinctive MRI appearances. These varying appear- 
ances are more distinct for liver lesions. (For an in- 



depth discussion, see Chapter 2, Liver?) Acute lesions 
are generally more apparent in the spleen than in the 
liver, whereas the reverse is true for subacute-treated 
and chronic-healed lesions. In the acute phase, hepa- 
tosplenic candidiasis results in small (<lcm), well- 
defined abscesses in the spleen and liver. They are well 
shown on T2-weighted fat-suppressed images as high 
signal-intensity rounded foci (fig. 5.30). Lesions also 
may be visible postgadolinium images, but they usually 
are not visualized on precontrast SGE images. 

MRI has been shown to be superior to contrast- 
enhanced CT imaging for the detection of fungal micro- 
abscesses [40]. MRI should be used routinely in the 
investigation of hepatosplenic candidiasis because 
patient survival depends on swift pharmacologic inter- 
vention with antifungal agents. 

Bacterial and fungal abscesses are rare in the spleen. 
Abscesses appear slightly hypo- to isointense on Tl- 
weighted images and heterogeneous and mildly to 
moderately hyperintense on T2-weighted images. These 
lesions show intense mural enhancement on early 
gadolinium-enhanced images. This pattern persists on 
later postgadolinium images, accompanied by the pres- 





F i G . 5.29 Hepatosplenorenal histoplasmosis. T2-weighted 
fat-suppressed echo-train spin-echo (a), immediate postgadolinium 
Tl -weighted SGE (£>), and 90-s postgadolinium fat-suppressed SGE 
(c) images in a patient with human immunodeficiency virus (HIV) 
infection. Multiple lesions <lcm are demonstrated in the liver, 
spleen, and kidneys. Lesions are poorly visualized on T2-weighted 
images and appear as small minimally hyperintense lesions (a). On 
immediate postgadolinium image, lesions appear low in signal 
intensity (£>). By 90s after gadolinium, lesions enhance more than 
background tissue. 
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Fig. 5.30 Hepatosplenic candidiasis. T2-weighted fat- 
suppressed echo-train spin-echo image demonstrates multiple, 
well-defined, high-signal-intensity candidiasis abscesses <lcm 
in the liver and spleen. 



ence of periabscess increased enhancement of sur- 
rounding tissue on immediate postgadolinium images 
(fig. 5.3D. 

Sarcoidosis 

Lesions of sarcoidosis are small (<1 cm) and hypo- 
vascular. Because of their hypovascularity, the lesions 
are low in signal intensity on Tl- and T2-weighted 
images and enhance on gadolinium-enhanced images 
in a minimal and delayed fashion [43] (fig. 5.32). Low 
signal intensity on T2-weighted images is a feature 
that distinguishes these lesions from acute infective 
lesions. 

Gamna-Gandy Bodies 

Foci of iron deposition occur commonly in patients with 
cirrhosis and portal hypertension due to microhemor- 
rhages in the splenic parenchyma. On occasion, such 
foci are observed in patients receiving blood transfu- 
sions [44, 45]. Lesions vary in size but are generally 
smaller than 1cm. Lesions appear signal void on all 
pulse sequences [44, 45] (fig. 5.33). Susceptibility artifact 
is demonstrated on gradient-echo images as blooming 
artifact, and this artifact is pathognomonic for this entity. 
An imaging feature that is helpful to distinguish Gamna- 
Gandy bodies from fibrotic nodules is that Gamna- 
Gandy bodies appear smaller on shorter TE sequences 
because of a diminution of susceptibility artifact (e.g., 
smaller on TE = 2 ms sequence compared to TE = 4 ms 
sequence at 1.5T) whereas the size of fibrotic nodules 
is unchanged on shorter TE sequences. 





Fig. 5.31 Cryptococcal abscess. Tl -weighted magnetiza- 
tion-prepared gradient-echo (a), T2 fat-suppressed single-shot 
echo-train spin-echo (&), and coronal 3-min postgadolinium 
Tl -weighted magnetization-prepared gradient-echo (c) images 
in an immunocompromised patient with HIV and generalized 
cryptococcal infection. The abscess appears mildly hypoin- 
tense on Tl (a) and mildly hyperintense on T2 (£>), with subtle 
signal difference compared to spleen. Lack of enhancement 
and peripheral ring enhancement (arrow, c) present on the 
postgadolinium image (c) are features of bacterial and some 
fungal abscesses. 
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Fig. 5.32 Sarcoidosis. Tl-weighted SGE (a), T2-weighted fat-suppressed spin-echo (£>), and immediate (c) and 10-min (d) 
postgadolinium Tl-weighted SGE images. Multiple sarcoidosis granulomas, smaller than 1 cm, are present in the spleen. Lesions are 
mildly hypointense to isointense on Tl-weighted images (a), moderately hypointense on T2-weighted images (£>), and hypointense 
on immediate postgadolinium images (c), gradually enhancing to near isointensity on delayed postgadolinium images (d). 
Hypointensity on T2-weighted images distinguishes these lesions from those of infectious etiologies. (Reproduced with permission 
from Warshauer DM, Semelka RC, Ascher SM: Nodular sarcoidosis of the liver and spleen: appearance on MR images. JMagn Reson 
Imaging 4: 553-557, 1994.) Tl-weighted SGE (e), T2-weighted single-shot echo-train spin-echo (/"), immediate postgadolinium 
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Fig. 5.32 (Continued) Tl single-shot magnetization-prepared gradient-echo (g), and 90-s postgadolinium Tl-weighted fat- 
suppressed spin-echo (h) images in a second patient. The imaging features are comparable to those for the above-described patient. 
Tl-weighted SGE (/), T2-weighted fat suppressed single-shot echo-train spin-echo (/'), immediate postgadolinium Tl-weighted SGE 
(&), and 90-s postgadolinium Tl-weighted fat-suppressed SGE (/) images in a third patient demonstrate similar findings. 




Fig. 5.33 Gamna-Gandy bodies of the spleen. Tl -weighted 
SGE (a), Tl-weighted out-of-phase SGE (£>), T2-weighted fat-sup- 
pressed single-shot echo-train spin-echo (c), immediate postgado- 
linium Tl-weighted SGE (d), and 90-s postgadolinium Tl-weighted 
fat-suppressed SGE (e) images. Gamna-Gandy bodies are typically 
multiple and <lcm in diameter. Gamna-Gandy bodies are near 
signal void on all imaging sequences, reflecting the magnetic sus- 
ceptibility effects of iron. A helpful diagnostic feature of the mag- 
netic susceptibility effects of iron, which aids in distinction from 
low-fluid-content granulomas, is that the foci of susceptibility arti- 
fact appear smaller on the out-of-phase (b) compared to the in- 
phase (a) images. Tl-SGE image (/") in a second patient with 
cirrhosis demonstrates multiple <5-mm Gamna-Gandy bodies. 
Ninety-second postgadolinium fat-suppressed SGE image (g) in a 
third patient shows a solitary Gamna-Gandy body (arrow, g). Note 
large varices along the lesser curve of the stomach, accentuated 
with the use of fat suppression. 
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Trauma 

The spleen is the most commonly ruptured abdominal 
organ in the setting of trauma. Injury to the spleen may 
take several forms: subcapsular hematoma, contusion, 
laceration, and devascularization/infarct. Subcapsular or 
intraparenchymal hematoma secondary to contusion or 
laceration demonstrates a time course of changes in 
signal intensity due to the paramagnetic properties of 
the degradation products of hemoglobin (fig. 5.34). 
Subacute hemorrhage is particularly conspicuous 
because of its distinctive high signal intensity on Tl- and 
T2-weighted images (fig. 5.35). Traumatic injury of the 
spleen, especially devascularization, is well shown on 
immediate postgadolinium SGE images. Areas of devas- 
cularization are nearly signal void compared to the high 
signal intensity of vascularized tissue. 



Subcapsular Fluid Collections 

Multiple causes for subcapsular fluid collections exist, 
the most common being sequelae to trauma. Enhance- 
ment of the capsule and surface of the spleen may be 
observed on postgadolinium images, which confirms 
the location of these fluid collections (fig. 5.36). 



Splenosis 

Splenosis is the term used for ectopic tissue resulting 
from splenic injury. The most common appearance of 
splenosis on magnetic resonance imaging is solid, well- 
circumscribed nodules in the abdominal cavity, with 
signal intensity similar to that of the normal spleen 
(fig. 5.37). 






Fig. 5.34 Splenic laceration with subcapsular hematoma. Tl -weighted single-shot magnetization-prepared gradient-echo 
(a), coronal T2-weighted single-shot echo-train spin-echo (£>), and immediate postgadolinium single-shot magnetization-prepared 
gradient-echo (c) images. Subcapsular blood (arrow, a) is appreciated as high-signal fluid on the precontrast Tl -weighted image 
(a).The laceration is isointense on Tl (a) and high signal on T2 (arrow, b) and demonstrates lack of enhancement (arrow, c) 
on the postgadolinium image (c). Tl -weighted fat-suppressed 3D-GE (d), T2-weighted short-tau inversion recovery (STIR) (e), and 
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Fig. 5.34 (Continued) Tl-weighted fat-suppressed immedi- 
ate (/") and 90-s (g) postgadolinium 3D-GE images at 3.0 T in 
another patient with cirrhosis, splenomegaly, splenic laceration, 
and subcapsular hematoma (thin arrows, d-g). The subcapsular 
hematoma is in a subacute stage, and it has high peripheral signal 
intensity on Tl- and T2-weighted images. The lacerations (thick 
arrows, d, e, g) also show high signal on Tl-weighted and mixed 
signal on T2-weighted images, consistent with subacute blood 
products. 





Fig. 5.35 Splenic laceration. Tl-weighted fat-suppressed spin-echo images from adjacent cranial id) and caudal (b) transverse 
sections. Mixed, predominantly high-signal-intensity fluid is present in an intraparenchymal and subcapsular location (arrows, a) in 
the spleen, which represents subacute blood. 
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Fig. 5.36 Subcapsular fluid collection secondary to pancreatitis. Tl-weighted SGE (a) and 90-s postgadolinium SGE (b) 
images. A subcapsular fluid collection is present that is slightly high in signal intensity on the Tl-weighted image, a finding consis- 
tent with the presence of blood or protein (arrows, a). Enhancement of the capsule and surface of the spleen on the postgadolinium 
image (arrows, b) confirms the subcapsular location of the fluid collection. 





Fig. 5.37 Splenosis. Tl-weighted SGE (a), immediate postgadolinium Tl-weighted SGE (£>), and 90-s postgadolinium Tl- 
weighted fat-suppressed SGE (c) images. A small, elongated mass is present in the left upper abdominal quadrant in a patient with 
prior splenectomy. The mass is slightly hypointense to the liver on the Tl-weighted image (arrow, a), with intense enhancement 
on the immediate postgadolinium image (b) and persistent enhancement on the delayed postgadolinium image (c). Tl-weighted 
SGE (d), coronal T2-weighted echo-train spin-echo (e), breath-hold STIR (/"), immediate postgadolinium Tl-weighted SGE (g), and 
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Fig. 5.37 (Continued) 90-s postgadolinium Tl-weighted fat-suppressed SGE (h) images in a second patient with prior splenec- 
tomy. Two splenules are present in the left upper abdomen (arrows, d). The masses have an appearance similar to normal spleen, 
with mild hypointensity on Tl (d), moderate hyperintensity on T2 (e), and early heterogeneous enhancement (g), which becomes 
more homogeneous on delayed images (h). Note that the enhancement of the larger mass is less than that of the smaller mass, 
presumably reflecting a smaller feeding arterial supply. Tl-weighted fat-suppressed immediate (i) and delayed (/') postgadolinium 
3D-GE images at 3.0 T show an enhancing mass (arrows) consistent with splenosis in another patient with prior splenectomy. The 
mass shows serpiginous enhancement pattern on immediate postgadolinium 3D-GE image (i) and homogenous enhancement on 
postgadolinium delayed 3D-GE image (/'). Tl-weighted fat-suppressed immediate postgadolinium 3D-GE images (k, I, m) show 
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Fig. 5.37 (Continued) enhancing masses (arrows), which are 
located in the liver capsule and the retroperitoneum at both sides, 
in another patient with prior splenectomy. The bigger lesions 
demonstrate serpiginous enhancement pattern, and the lesions 
are consistent with splenosis. 



Infarcts 

Splenic infarcts are a common occurrence in the setting 
of obstruction of the splenic artery or one of its branches. 
The most common cause is cardiac emboli, but local 
thrombosis, vasculitis, and splenic torsion are also 
described. Infarcts appear as peripheral wedge-shaped, 
round, or linear defects that are most clearly defined on 
1- to 5-min postgadolinium images as low-signal-inten- 
sity wedge-shaped regions (fig. 5.38). 

The splenic capsule is commonly observed as a thin 
peripheral, enhancing linear structure. Massive splenic 
infarcts may appear as diffuse low signal intensity on 
Tl -weighted images and inhomogeneous high signal on 
T2-weighted images. Lack of enhancement on early and 
late postgadolinium images of wedge-shaped regions is 
the most diagnostic feature (fig. 5.39). 



CONCLUSION 



MRI is a valuable tool in the evaluation of the spleen 
and surpasses CT imaging in many clinical settings. One 
of the major indications for MRI is the investigation of 
hepatosplenic candidiasis. Other circumstances in which 
MRI may be of value include the detection of malignant 
lesions (metastases or lymphoma) and infections, and 
the characterization of lesions such as hemangiomas or 
hamartomas. MRI is useful in the further investigation of 
patients with a CT diagnosis of splenomegaly to deter- 
mine whether underlying tumor infiltration is present. 
Superparamagnetic iron oxide particles can be used as 
a problem-solving approach in selected cases for defini- 
tive splenic lesion characterization when not achieved 
by standard dynamic gadolinium-enhanced MRI. 
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Fig. 5.38 Splenic infarct. One-minute postgadolinium Tl-weighted SGE image id). Peripheral wedge-shaped defects are noted 
in the spleen (arrows, a) secondary to infarcts. Tl-weighted SGE (&), immediate postgadolinium Tl-weighted SGE (c), and 90-s 
postgadolinium Tl-weighted fat-suppressed SGE (d) images in a second patient. An ill-defined posterior subcapsular hyperintensity 
is present on the Tl-weighted image (£>). Infarct regions are best seen on postgadolinium images (c, d) and appear as well-defined 
wedge-shaped defects (arrows, c, d). Peripheral linear enhancement of the capsule may also be appreciated. Note that some of the 
regions that have no enhancement on the immediate postgadolinium images show delayed enhancement. These are consistent with 
areas of ischemia. Tl-weighted SGE (e), T2-weighted fat-suppressed single-shot echo-train spin-echo (/"), immediate Tl-weighted 
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Fig. 5.38 

findings. 



(8) W 

(Continued) SGE (g), and 90-s Tl-weighted fat-suppressed SGE (h) images in a third patient demonstrate similar 




Fig. 5.39 Extensive posterior splenic infarct. Tl-weighted SGE (a), coronal T2-weighted single-shot echo-train spin-echo 
(b), immediate (c) and 45-s (d) postgadolinium Tl-weighted SGE, and 90-s postgadolinium Tl-weighted fat-suppressed SGE (e) 
images. The splenic infarcts appear heterogeneous and mildly high signal on Tl-weighted (arrow, a) and heterogeneous and mod- 
erately high signal on T2-weighted (arrow, b) images. On the immediate (c), 45-s (d), and 90-s (e) postgadolinium images there is 
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Fig. 5.39 (Continued) heterogeneous lack of enhancement 
of the regions of infarction. Tl-weighted SGE (/"), breath-hold STIR 
(g), immediate postgadolinium SGE (h), and 90-s postgadolinium 
fat-suppressed SGE (i) images in a second patient presenting 
splenic infarcts. The large anterior splenic infarct is heteroge- 
neous on Tl (/> and T2 (g)-weighted images. Lack of enhance- 
ment on early (h) and late (i) postcontrast images most clearly 
demonstrates that this region has undergone infarction. Lack of 
enhancement is more apparent on the later postcontrast image. 
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ingle-shot echo-train T2-weighted sequences and 
Tl -weighted SGE or 3D GE sequences, com- 
bined with intravenous gadolinium enhancement and 
fat suppression, have resulted in consistent image 
quality of the gastrointestinal tract. These techniques 
arrest bowel motion, remove competing high signal of 
intra-abdominal fat, expand the dynamic range of 
abdominal tissue signal intensities, decrease susceptibil- 
ity artifacts, and distinguish between intraluminal bowel 
contents and bowel wall [1]. The addition of oral or 
rectal contrast agents may further improve the contrast 
between lumen and bowel wall to improve the conspi- 
cuity of disease. Direct multiplanar imaging has achieved 
an important role in distinguishing the bowel, which 
shows a tubular configuration in at least one of two 
planes, from masses, which do not. Current applications 
of gastrointestinal MRI include 1) distinguishing type 
and severity of inflammatory bowel disease (IBD) [1-6]; 
2) identifying enteric abscesses and fistulae [7, 8]; 3) 
preoperative staging of malignant neoplasms, especially 
rectal carcinoma [5, 9, 10]; and 4) differentiating post- 
operative and radiation therapy changes from recurrent 
carcinoma [11-16]. The potential for using MR imaging 



for screening to detect colonic polyps and early malig- 
nancy has also been proposed. 

Most recently, reliable 3D-GE Tl -weighted 
sequences (3D VIBE, Tl FAME, 3D THRIVE) have 
become widely available, permitting volumetric acquisi- 
tion before and after contrast [17]. Also, newly available 
True-FISP (FIESTA, BFFE) sequences obtained in the 2D 
form can be very helpful in delineation of bowel wall 
pathology, mesentery, and overall bowel anatomy, par- 
ticularly when combined with a water-based intralumi- 
nal distending agent [17]. 3.0 T MR imaging also allows 
the acquisition of higher-resolution, thinner slices with 
higher temporal resolution. Therefore, 3.0 T MRI may 
detect smaller lesions and subtle abnormalities of the 
GI tract compared to 1.5 T MRI. 



THE ESOPHAGUS 

Normal Anatomy 

The organization of tissues within the esophageal wall 
follows the general scheme of the entire digestive tract; 
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namely (from lumen outward) the mucosa with an epi- 
thelial lining, submucosa, muscularis externa (propria) 
with an inner circular and an outer longitudinal muscle 
layer, and, below the level of the diaphragm, mesothe- 
lium-lined serosa instead of adventitia. Except for the 
portion of the esophagus in the peritoneal cavity, the 
rest is covered by a layer of loose connective tissue, or 
adventitia, that blends into surrounding tissue. The lack 
of a serosal surface explains the rapid spread of esopha- 
geal cancer into adjacent mediastinal fat. The esophagus 
lies posterior to the trachea in the neck. As it enters the 
thoracic inlet, the esophagus courses toward the left to 
reside in the posterior mediastinum. 

The esophagus then enters the abdomen via the 
diaphragmatic esophageal hiatus and lies immediately 
anterior to the aorta. The normal esophageal wall thick- 
ness is 3 mm. On cross-sectional images the esophagus 
tends to be collapsed, although a small amount of air 
in the lumen is not abnormal. 

MRI Technique 

Techniques that have been used for MRI of the esopha- 
gus include fat saturation, gadolinium enhancement, 
and cardiac gating (fig. 6.1). The difficulty with Tl- 
weighted ECG-gated fat-suppressed spin-echo imaging 
is that the sequence is lengthy and the image quality is 
inconsistent because of the combination of phase arti- 
facts from breathing, patient motion, and cardiac pulsa- 
tion. The esophagus, therefore, of all bowel segments, 
suffers the most from image artifacts and uniquely expe- 
riences artifacts from cardiac pulsation resulting in 
severe artifacts on SGE sequences, which form an 
important component of imaging protocols of other 
bowel segments. Currently, imaging of the mediastinum 
and esophagus has been significantly improved with the 
use of a gadolinium-enhanced 3D GE technique that is 
acquired during a short breath hold, results in mini- 
mized artifacts from motion, and allows excellent depic- 
tion of the esophageal wall and mediastinum (fig. 6.2). 
The 3D GE Tl sequence uses a much shorter TR and 
TE than utilized with standard fast spin-echo techniques, 
with the additional benefit of reducing paramagnetic 
artifacts that arise in the region of gas-soft tissue inter- 
faces, as can be encountered with air within the esopha- 
geal lumen or from lung. Tl -weighted imaging can be 
supplemented by T2-weighted imaging using the single- 
shot echo-train (SSET) technique, acquired during a 
breath hold. T2-weighted imaging can be used to detect 
the presence of fluid within cystic masses or collections 
within the mediastinum around the esophagus. SSET 
sequences are acquired as a series of individual slices 
and are very resistant to deterioration from motion. If 
necessary, this sequence can be combined with respira- 
tory triggering while the patient breathes freely, with 



only a minor time penalty and total acquisition times 
for the chest typically remaining under 45-60 s in dura- 
tion. Two-dimensional steady-state precession-balanced 
echo, or true-FISP type, techniques yield images that 
have both Tl- and T2-weighted properties but may be 
used as a substitute for or in conjunction with SSET 
images. The images can appear to have good edge 
sharpness, partly due to these sequences having an out 
of- phase TE yielding a thin black signal cancellation 
border at the esophageal border with adjacent medias- 
tinal fat, particularly if combined with cardiac triggering. 
However, the role for routine evaluation of the esopha- 
gus is not established. 

Congenital Lesions 

Duplication Cysts 

Gastrointestinal duplication cysts may occur throughout 
the alimentary tube. The cysts occur in or adjacent to 
the wall of a portion of the gastrointestinal tract, and, 
although they are lined by epithelium, it may not be of 
the same histologic type as that of the involved segment. 
Duplication cysts usually are discovered in childhood 
or infancy secondary to mass effect, hemorrhage, and/ 
or infection resulting from intestinal stasis combined 
with bowel communication [18]. Patients may also 
present later in life with peptic ulcers or pancreatitis if 
the cysts contain gastric or pancreatic epithelium, 
respectively. In the esophagus, they tend to be small, 
ovoid, fluid-filled structures in the lower one-third of 
the esophagus located posteriorly in a periesophageal 
location or within the esophageal wall. Cysts have vari- 
able signal intensity on Tl -weighted images, depending 
on the concentration of mucin or protein within the 
cyst. Duplication cysts are generally high in signal inten- 
sity on T2- weighted images (fig. 6.2) [19]. The cyst wall 
typically is thin and may enhance after intravenous 
gadolinium administration, whereas the fluid-filled 
lumen does not enhance and may appear near signal 
void on fat-suppressed gadolinium-enhanced delayed- 
phase images. Relatively intense cyst wall enhancement 
may reflect the presence of gastric mucosa or inflam- 
matory changes. 

Mass Lesions 

Benign Masses 

Leiomyomas. Leiomyomas are the most common 
benign tumors of the esophagus. These tumors are com- 
posed of smooth muscle and arise from the muscularis 
externa. They most frequently occur in the distal esopha- 
gus and may be single or multiple [20, 21]. Esophageal 
leiomyomas appear as small, oval masses that may be 
pedunculated on MRI images. They are often close to 
isointensity with surrounding bowel wall on Tl- and 
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Fig. 6.1 Normal esophagus. SGE (a), fat-suppressed SGE (£>), 
immediate postgadolinium SGE (c), and 90-s postgadolinium fat- 
suppressed SGE id) images. The normal esophagus is intermediate 
in signal intensity on Tl -weighted images (arrow, a). Fat suppression 
accentuates the wall (arrow, b). In the capillary phase of enhance- 
ment, the mucosa becomes slightly higher in signal intensity than 
the remainder of the esophageal wall (arrow, c). During the inter- 
stitial phase, there is equilibration (arrow, d). Cardiac-gated Tl- 
weighted spin-echo image (e) in a second patient shows a small 
amount of air in the lumen of a normal esophagus (arrow, e). 



T2-weighted images; however, with gadolinium, leio- 
myomas will enhance in a uniform fashion and to a 
greater degree than adjacent bowel wall in the interstitial 
phase of enhancement (fig. 6.3). Leiomyomas belong to 
the gastrointestinal stromal tumor (GIST) classification. 

Varices. Varices, or tortuous, dilated submucosal 
veins, develop in the setting of portal hypertension or 



splenic vein thrombosis. They occur along the lower 
esophagus, the stomach, and other locations with 
portosystemic communications. Varices are best dem- 
onstrated on fat-suppressed 3D Tl-weighted gadolin- 
ium-enhanced delayed-phase imaging (fig. 6.4) but 
may be demonstrated on SGE postgadolinium images 
or as signal-void tubular structures on spin-echo images. 
True-FISP imaging may display varices as tubular 
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Fig. 6.2 Normal esophagus. Transverse gadolinium-enhanced 3D gradient-echo (a and b) images in two patients. On gado- 
linium-enhanced 3D images, the esophagus is well shown (short arrows, a, b) and is free of cardiac motion artifact. Note also a 
subtle pleura-based density along the posterior left hemithorax (curved arrow, a) and pulmonary metastasis (curved arrow, b). 
Duplication cyst. T2-weighted single-shot echo-train spin-echo (c) and Tl -weighted postgadolinium hepatic venous phase fat- 
suppressed 3D-GE {d) images at 3.0 T demonstrate a paraesophageal cyst (arrows, c, d), which shows high signal on T2-weighted 
image (c) and no appreciable enhancement on postgadolinium image id). 




Fig. 6.3 Esophageal leiomyoma. Gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo image shows a 2-cm leiomy- 
oma (arrow) arising from the lateral aspect of the distal esophagus. 
Leiomyomas are the most common benign tumors of the esopha- 
gus. (Reprinted with permission from Shoenut JP, Semelka RC, 
Silverman R, Yaffe CS, Mickflikier AB: The gastrointestinal tract. 
In Semelka RC, Shoenut JP (eds.), MRI of the Abdomen with CT 
Correlation. New York: Raven Press, 1993, pp. 119-143.) 
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Fig. 6.4 Esophageal varices. Transverse 45-s postgadolinium SGE image (a) in a patient with portal hypertension. Enhancing 
serpiginous tubular structures (arrows) in the lower esophagus represent varices. Transverse gadolinium-enhanced Tl -weighted 
SGE image (b) in a second patient with congenital hepatic fibrosis demonstrates massive esophageal varices. 



structures with high internal signal from blood and can 
be used in situations where gadolinium enhancement 
may not be possible, such as inadequate venous access 
or end-stage renal disease. 

Malignant Masses 

Before 1975, squamous cell carcinoma accounted for 
95% of all cases of esophagus cancer. Since that time 
there has been a marked increase in the incidence of 
adenocarcinomas among esophagus cancers. At the 
present time, the overall relative incidence between 
squamous cell carcinoma and adenocarcinoma is about 
equal in the United States [22]. 

The etiology of squamous cell carcinoma is 
unknown, but there is an association with alcohol con- 
sumption and tobacco use [23]. It occurs more com- 
monly in males (3 to 1) and African Americans [24]. 
Primary adenocarcinoma of the esophagus may arise de 
novo in Barrett esophagus, or it may arise in the stomach 
and cross the gastroesophageal junction to involve the 
distal esophagus and simulate achalasia [25]. It is more 
common in Caucasian males. Tumors that commonly 
metastasize to the esophagus include breast and lung 
carcinoma and melanoma. Gadolinium-enhanced fat- 
suppressed SGE and 3D-GE techniques delineate 
primary tumors of the distal esophagus, whereas SGE 
with cardiac gating or 3D-GE with or without cardiac 
gating is useful to image midesophageal cancers poste- 
rior to the heart (fig. 6.5) [26]. Squamous cell cancers 
(see fig. 6.5) and adenocarcinomas (fig. 6.6) appear 
similar on MR images. Predisposing factors such as 
Barrett esophagus or tumor location, with more proxi- 
mal tumors mostly represented by squamous cell origin, 
may aid in making this distinction. The success of MRI 
in staging esophageal cancer has been inconsistent, 



reflecting the variable image quality of breathing-aver- 
aged, cardiac-gated sequences [27, 28]. At present, there 
is no reported series describing the use of gadolinium- 
enhanced 3D GE in the evaluation of esophageal 
cancers. This may prove to be the most consistent MR 
technique to investigate these tumors. The combined 
use of fat suppression and intravenous gadolinium may 
facilitate identification of mediastinal involvement. The 
presence of multiple (more than 5) paraesophageal 
normal-sized lymph nodes is worrisome for tumor 
involvement; however, accurate determination awaits 
the use of contrast agents that can define the presence 
of tumor in normal-sized lymph nodes. A compre- 
hensive exam for staging patients with esophageal 
carcinoma should include a metastatic survey of the 
liver. 

Metastases to the esophagus may appear indistin- 
guishable from a primary esophageal tumor, and clinical 
history helps to establish the diagnosis (fig. 6.7). 

Inflammatory and Infectious Disorders 

Reflux Esophagitis 

Gastroesophageal reflux is defined as the retrograde 
flow of gastric and sometimes duodenal contents into 
the esophagus. In general, reflux esophagitis refers to 
esophageal inflammation resulting from gastroesopha- 
geal reflux. Reflux esophagitis may result from several 
disease entities and/or their treatments: hiatal hernia, 
achalasia, and scleroderma. Gastroesophageal reflux is 
common in the setting of hiatal hernia. (For a more 
complete discussion of hiatal hernia see Chapter 7, 
Peritoneal Cavity?) Achalasia is a primary esophageal 
disorder that results in failure of relaxation of the lower 
esophageal sphincter (LES) coupled with nonperistaltic 
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Fig. 6.5 Esophageal squamous cell carcinoma. Coronal SS- 
ETSE (a) and 45-s postgadolinium fat-suppressed SGE (£>) images. 
Increased thickness of the distal esophagus is present on the precon- 
trast image (arrows, a). The squamous cell carcinoma of the distal 
esophagus is clearly defined, and tumor is shown to extend to the 
gastroesophageal junction (arrows, b). Lack of extension into the 
stomach is well shown by demonstration of normal-enhancing higher- 
signal gastric mucosa. Transverse immediate postgadolinium Tl- 
weighted SGE (c) and interstitial-phase gadolinium-enhanced 
fat-suppressed SGE (d) images in a second patient demonstrate a mass 
lesion centered in the region of the gastroesophageal junction (arrow, 
d), consistent with distal esophageal squamous cell carcinoma. 
Gadolinium-enhanced gated Tl -weighted spin-echo image (e) in a 
third patient with squamous cell carcinoma of the midesophagus. A 
2-cm cancer (arrow, e) is present that shows heterogeneous extension 
into the aortic wall (small arrows, e). 




esophageal contractions. Balloon dilation of the LES is 
the mainstay of treatment and may lead to reflux esoph- 
agitis. Scleroderma involvement of the esophagus results 
in a patulous gastroesophageal junction with substantial 
reflux of gastric contents. In all of these conditions, MRI 
demonstrates a thickened esophageal wall, and, after 
the administration of gadolinium, the inflamed and 



possibly fibrosed wall shows marked enhancement on 
delayed images (fig. 6.8). 

Radiation Esophagitis 

Patients undergoing radiation therapy to the thorax are 
at risk of developing radiation damage to the esopha- 
gus. In the early period, 4-6 weeks after treatment, 
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Fig. 6.6 Esophageal adenocarcinoma. Gadolinium-enhanced 
Tl -weighted fat-suppressed (a, b) and Tl -weighted fat-suppressed 
(c) spin-echo images in a patient with esophageal adenocarcinoma. 
Above the tumor at the level of the midthorax, the esophagus has 
a normal-appearing thin wall (arrow, a). More inferiorly at the level 
of the mitral valve, a 2.5-cm tumor (long arrow, b) is identified in 
the esophagus. Note that the interface of the tumor with the 
descending aorta (a, b) is less than 90° (short arrow, b). Below 
the tumor the esophagus once again has a normal thin wall (arrow, 
c). (Reprinted with permission from Shoenut JP, Semelka RC, 
Silverman R, Yaffe CS, Mickflikier AB: The gastrointestinal tract. In 
Semelka RC, Shoenut JP (eds.), MRI of the Abdomen with CT 
Correlation. New York: Raven Press, 1993) 




Fig. 6.7 Esophageal metastases. Gadolinium-enhanced 
Tl-weighted fat-suppressed image in a woman with metastatic 
breast carcinoma. Enhancing tumor (arrow) encases the esoph- 
agus, extends along the left hilum and left mediastinum, and 
invades the chest wall. (Reprinted with permission from 
Shoenut JP, Semelka RC, Silverman R,Yaffe CS, Mickflikier AB: 
The gastrointestinal tract. In Semelka RC, Shoenut JP (eds.), 
MRI of the Abdomen with CT Correlation. New York: Raven 
Press, 1993, pp. 119-143.) 



mucosal edema may be seen. Approximately 6-8 
months after treatment, strictures may begin to develop. 

Corrosive Esophagitis 

Ingestion of caustic material such as strong alkaline or 
acidic agents or very hot liquids may cause esophagitis. 
Damage to tissue is most severe after ingestion of 
strongly alkaline agents. These substances cause a liq- 
uefactive necrosis that penetrates the entire esophageal 
wall rapidly. Acute changes include edema and ulcer- 
ation. Stricture formation occurs later, and there is a 
strong association between corrosive stricture and the 
development of carcinoma. 

Infectious Disease 

Esophageal infection by Candida albicans, cyto- 
megalovirus (CMV), and herpes simplex virus (HSV) is 
commonly observed in association with immunocom- 
promised conditions. Candida albicans may be found 
in the esophagus of normal patients but is frequently 
pathological in patients who have bone marrow trans- 
plantation, chemotherapy, acquired immunodeficiency 
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Fig. 6.8 Reflux esophagitis. Gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo (a), gadolinium-enhanced 
gated transverse (£>), and sagittal (c) Tl -weighted spin-echo images 
in two patients [(a) and (b, c)] with reflux esophagitis. In a patient 
with achalasia (a), balloon dilation for achalasia predisposes to 
reflux esophagitis. The esophagus appears dilated, and the wall is 
thickened with increased mural enhancement. The esophagus in 
a second patient with reflux esophagitis due to hiatal hernia shows 
increased thickness of the esophageal wall (arrow, b) and increased 
signal intensity of the mucosa. The superior extent of inflamed 
mucosa (small arrows) is well shown on the sagittal image (c). 



syndrome (AIDS), administration of exogenous steroids, 
or blood dyscrasias. Infection is diffuse, with white- 
colored plaques coating the mucosa. The mucosa 
becomes friable, and ulceration results. MRI demon- 
strates a high-signal-intensity thickened esophageal 
wall on T2-weighted images. Hyperemia and capillary 
leakage account for the marked enhancement after 
intravenous gadolinium injection (fig. 6.9). 

Achalasia 

The underlying defect in achalasia results from altered 
nervous control of esophageal coordinated contraction 
and relaxation with development of an inability to relax 
the circular muscle at the gastroesophageal junction that 
interferes with the passage of esophageal contents into 
the stomach. There is associated impaired primary peri- 



staltic contraction of the esophagus, and the esophagus 
typically becomes markedly dilated, with development 
of beaklike narrowing at the closed gastroesophageal 
junction (fig. 6.10). Treatment involves balloon dilation, 
but this often results in only transient improvement, 
or distal esophagomyotomy. MR imaging provides an 
alternative to standard fluoroscopic techniques and 
provides the advantage of allowing visualization of the 
soft tissues in and adjacent to the wall of the distal 
esophagus and cardia of the stomach. Primary achalasia 
may develop from causes including infection, such 
as Chagas disease, but may also occur secondary 
to neoplasm. When considering the diagnosis of acha- 
lasia, cross-sectional imaging should be performed in 
every case to exclude the possibility of a secondary 
etiology. 
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Fig. 6.9 Esophagitis. T2-weighted fat-suppressed echo-train spin-echo (a) and contiguous 45-s postgadolinium SGE (b, c) images 
in a patient with AIDS and esophageal candidiasis. The high signal intensity on the T2-weighted images reflects both the fungal 
plaques that coat the esophagus and the underlying inflamed wall (arrows, a). After contrast, the thickened esophageal wall 
enhances (arrows, b, c). Gadolinium-enhanced Tl -weighted fat-suppressed spin-echo images (d, e) in a second immunocompromised 
patient with acute myelogenous leukemia on chemotherapy. Capillary leakage associated with inflammation leads to marked mucosal 
enhancement (arrows, d, e) in this patient with Candida albicans esophageal invasion. Transverse gadolinium-enhanced SGE (/") 
image in a third patient who has AIDS and dysphagia shows diffuse esophageal wall thickening (arrows, /) consistent with inflam- 
matory changes. 



734 



Chapter 6 GASTROINTESTINAL TRACT 





Fig. 6.10 Achalasia. Axial (a) and coronal (b) T2-weighted 
single-shot spin-echo and coronal Tl -weighted gradient-echo (c) 
images show marked dilatation of the fluid-filled esophagus 
(arrow, a) with abrupt tapered narrowing at the gastroesophageal 
junction (arrows, b, c). The fundal portion of the stomach is normal 
(arrowheads, b, c), with no evidence of mass demonstrated. 



THE STOMACH 



Normal Anatomy 

The stomach serves as a reservoir for ingested food and 
continues the process of mechanical and chemical 
breakdown. Although the stomach is typically J-shaped 
and resides in the posterior aspect of the left upper 
quadrant, its position varies with degree of distension 
and body habitus. Gross inspection shows four ana- 
tomic regions: cardia, fundus, body, and antrum. The 
antrum ends at the pylorus, from the Greek pyl ros, 
or gatekeeper, a narrow channel that connects the 
stomach to the duodenum. The stomach's curved mor- 
phology also gives rise to a greater (caudal) and a lesser 
(cephalic) curvature in addition to anterior and poste- 
rior walls. Four distinct layers comprise the stomach 
wall: mucosa, submucosa, muscularis, and serosa. 
Subdivisions exist within each layer. The mucosa is 
composed of distinct populations of endocrine and 
exocrine cells. The muscularis externa has three differ- 



ent muscle groups: inner oblique, middle circular, and 
outer longitudinal. 

MRI Technique 

Imaging the stomach achieves best results with disten- 
sion and hypotonia. MRI examinations of the stomach 
may benefit from administration of water in an approxi- 
mate volume of 1 liter and intravenous glucagon, with 
0.5 mg administered intravenously immediately before 
the start of the examination and 0.5 mg before the 
administration of gadolinium [29]. 

A recommended imaging protocol includes: 1) Tl- 
weighted fat-suppressed SGE or 3D-GE imaging before 
and after intravenous gadolinium, 2) unenhanced Tl- 
weighted SGE imaging, and 3) T2-weighted non-fat- 
suppressed and fat-suppressed single-shot echo-train 
spin-echo [e.g., half-Fourier single-shot turbo spin-echo 
(HASTE)] imaging (fig. 6.11). Gastric mucosa enhances 
more intensely than other bowel mucosa after intrave- 
nous gadolinium [30]. This observation may be helpful 
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Fig. 6.11 Normal stomach. Coronal T2-weighted SS-ETSE (a, b) and coronal (c) and transverse id) interstitial-phase gadolinium- 
enhanced fat-suppressed SGE images in four patients with a normal stomach. T2-weighted SS-ETSE is well-suited for imaging the 
rugal folds (arrows, a, b). After intravenous contrast the stomach wall shows marked enhancement (arrows, c, d). The normal 
gastroesophageal junction (arrowhead, c) is frequently well-defined by imaging in transverse and coronal planes. Optimal stomach 
(s, d) distension was obtained after ingestion of a negative oral contrast agent. Transverse gadolinium-enhanced fat-suppressed SGE 
(e) and coronal gadolinium-enhanced fat-suppressed SGE (/") images in a another patient before and after water ingestion. Optimal 
gastric distension can also be achieved with water. 
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for the detection of a gastric mucosa-lined duplication 
cyst or Meckel diverticulum. 

Congenital Lesions 

Congenital lesions, except for hypertrophic pyloric ste- 
nosis, are rare in the stomach. 

Gastric Duplication Cysts 

Gastric duplication cysts account for less than 4% of 
duplications of the gastrointestinal tract. They occur 
along the greater curvature and are more common in 
females. Occasionally, gastric duplication cysts calcify, 
and in 15% the cysts communicate with the gastric 
lumen. Although gastric duplication cysts are uncom- 
mon, they are important to recognize because 35% of 
these patients will have other congenital anomalies [31]. 

Congenital Heterotopias 

Congenital heterotopias result from cellular entrapment 
during the morphogenic movements throughout 
embryogenesis. Pancreatic rests occur throughout the 
alimentary tract but are most common along the greater 
curvature or posterior antral wall of the stomach. 
Heterotopic pancreas usually appears as a solitary, 
submucosal globoid mass with a central nipplelike 
structure representing ductal openings into the gastric 
lumen [32]. 

Congenital Diverticula 

Congenital diverticula may also be demonstrated in the 
stomach (fig. 6.12) [29]. Gastric diverticula are rare, and 
more than 75% of them occur in a juxtacardiac position 
high on the posterior wall of the stomach, approxi- 
mately 2 cm below the gastroesophageal junction and 
3 cm from the lesser curvature of the stomach [33]. 
Congenital diverticula are characterized as solitary, well- 
defined, oval or pear-shaped pouches that communi- 
cate with the gastric lumen via a narrow or broad-based 
opening [34]. The clinical presentation depends on 
location, size, type of mucosa of the diverticulum, 
and presence or absence of communication with the 
stomach. 

Mass Lesions 

Benign Masses 

Polyps. Gastric polyps may be hyperplastic, ade- 
nomatous, or hamartomatous. They may be isolated 
findings or associated with a polyposis syndrome. 
Eighty to ninety percent of gastric polyps are hyperplas- 
tic and benign, whereas approximately 10% are adeno- 
matous. Hyperplastic polyps are nonneoplastic lesions 
that result from an exaggerated regenerative response 
to injury, namely ulcers, gastroenterostomy stomas, or 



a background of chronic gastritis. In contrast to hyper- 
plastic polyps, adenomatous polyps are true neoplasms, 
morphologically similar to those seen in the colon. 
Microscopic features show close-packed glandular 
structures lined by neoplastic cells with cytologic atypia. 
Approximately one-third of adenomatous polyps contain 
a focus of adenocarcinoma [35]. Malignant potential is 
related to size, with up to 46% of adenomas larger than 
2 cm containing carcinoma [36]. Both hyperplastic and 
adenomatous polyps are found in patients with chronic 
atrophic gastritis and Gardner and familial polyposis 
syndromes, conditions associated with an increased 
incidence of malignancy. (For a more complete discus- 
sion on polyposis syndromes, see the section on the 
large intestine in this chapter.) Although most polyps 
are asymptomatic, anemia related to chronic blood loss, 
iron deficiency, or malabsorption of vitamin B12 may 
be present. Hamartomatous gastric polyps are lesions 
produced by excessive, disorganized overgrowth of 
mature normal cells and tissues indigenous to the 
stomach. Hamartomatous polyps may be an isolated 
finding or can occur in patients with Peutz-Jeghers 
syndrome. Although both isolated hamartomatous 
polyps and those associated with Peutz-Jeghers syn- 
drome are benign lesions, patients with Peutz-Jeghers 
syndrome have an increased risk of developing carci- 
nomas of the gastrointestinal tract, pancreas, breast, 
lung, ovary, and uterus. 

Benign polyps are generally isointense with the 
gastric wall on unenhanced MR images. Adequate dis- 
tension of the stomach is mandatory to distinguish a 
polyp from a prominent rugal fold. Benign polyp 
enhancement is usually isointense to slightly hyperin- 
tense compared to normal gastric mucosa on early 
postgadolinium images and mildly hyperintense on 
2-min postgadolinium images, reflecting retention of 
contrast in the interstitial space (fig. 6.13). In polyps 
complicated by invasive adenocarcinoma, more hetero- 
geneous gadolinium enhancement and disruption of the 
underlying gastric wall may be observed. 

Leiomyomas. Leiomyomas are the most common 
benign nonepithelial tumors of the stomach. They arise 
from the smooth muscle of the gastric wall. They may 
grow inward toward the lumen and mimic a polyp or 
extend to the serosa and present as an exophytic mass. 
When large, the overlying gastric mucosa may ulcerate, 
leading to gastrointestinal bleeding. 

Neurogenic Tumors and Lipomas. Other mes- 
enchymal gastric wall elements may give rise to benign 
neoplasms: neurogenic tumors (fig. 6.13), lipomas (fig. 
6.13), fibromas, and hemangiomas. Except for lipomas, 
these mesenchymal tumors are indistinguishable from 
each other on MRI. Similar to fatty lesions elsewhere in 
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Fig. 6.12 Gastric diverticulum. Transverse T2-weighted SS-ETSE (a) and 90-s postgadolinium fat-suppressed SGE (b) images. 
A small cystic thin-walled mass (arrow, a) is shown, which is high signal intensity and intimately related to the posterior aspect of 
the cardiac portion of the stomach. On the 90-s postgadolinium image (£>), the diverticulum appears signal void with a thin enhanc- 
ing wall (arrow, b). (Reprinted with permission from Marcos HB, Semelka RC: Stomach diseases: MR evaluation using combined 
T2-weighted single-shot echo train spin-echo and gadolinium-enhanced spoiled gradient-echo sequences. / Magn Reson Imaging 
10: 950-960, 1999.) Transverse (c) and coronal id) T2-weighted SS-ETSE in a second patient. A small posterior gastric diverticulum 
(arrow, c) is seen in the fundus of the stomach. T2-weighted single-shot echo-train spin-echo (e), Tl-weighted postgadolinium early 
arterial-phase SGE (/") and Tl-weighted postgadolinium fat-suppressed interstitial- phase 3D-GE (g) images demonstrate a broad-based 
gastric diverticulum (arrows, e-g) in the posterior aspect of the cardia portion of the stomach in another patient. The diverticulum 
shows high signal on T2-weighted image (/"), and thin enhancing wall is appreciated on the interstitial phase (g). 
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Fig. 6.12 (Continued) 



the body, lipomas will be high in signal intensity on 
Tl -weighted images and decreased in signal intensity 
on fat-suppressed images. 

Varices. Portal hypertension and splenic vein 
thrombosis lead to gastric varices. Varices restricted to 
the short gastric veins along the greater curvature of the 
stomach should raise the suspicion of splenic vein 
thrombosis (fig. 6.14). 

Bezoar. The word bezoar derives from the Arabic 
bazahr or badzeahr, meaning antidote. Bezoars were 
valued for their medicinal qualities and were thought 
to be imbued with magical powers and to be effective 
antidotes for poisoning [37]. 

The term bezoar is used to refer to an intragastric 
mass composed of accumulated ingested material. It 
may be composed of hair (trichobezoar), fruit or veg- 
etable products (phytobezoar), or concretions such as 
resins, asphalt, or other material. Factors that predispose 
to bezoar development include psychiatric illness, lack 
of teeth, previous vagotomy or gastric surgery, and 
diseases such as diabetes and muscular dystrophies. 
Altered gastric motility or anatomy that causes retention 
of material in the stomach underlies most of the risk 
factors (fig. 6.15). 

Malignant Masses 

Carcinoma is the most important and the most common 
tumor of the stomach. Most gastric carcinomas are ade- 
nocarcinomas [38]. 

Adenocarcinoma. The incidence of gastric adeno- 
carcinoma is on the decline. At present, 22,800 Americans 
are diagnosed with gastric cancer each year [39]. Males 
are affected twice as often as females. Predisposing 



conditions include atrophic gastritis, pernicious anemia, 
adenomatous polyps, dietary nitrates, and Japanese 
heritage [40, 41]. The tumors show a predilection for 
the lesser curvature of the antropyloric region. Grossly, 
adenocarcinomas of the stomach can be divided gener- 
ally into three forms: 1) exophytic or polypoid, project- 
ing into the lumen; 2) ulcerated, with a shallow or 
deeply erosive crater; and 3) diffusely infiltrative. The 
last-named form of adenocarcinoma creates a rigid, 
thickened "leather" stomach wall termed linitis plastica 
carcinoma. Gastric cancer may spread hematogenously 
to the liver and lung, contiguously to adjacent organs, 
lymphatically to regional and remote lymph nodes, and/ 
or intraperitoneally to the abdominal lining, mesentery, 
and serosa. The overall prognosis is poor. A TNM 
system is used for staging (Table 6.1). 

Early in the disease, symptoms are vague and 
include dyspepsia, anorexia, and weight loss. Later, 
vomiting and hematemesis may occur in association 
with a palpable epigastric mass and anemia. 

The goals of MRI in patients with gastric cancer are 
to demonstrate the primary tumor, assess the depth of 
invasion, and detect extragastric disease. Adequate dis- 
tension is necessary for surveying the gastric wall. On 
Tl -weighted sequences, gastric adenocarcinoma is 
isointense to normal stomach and may be apparent as 
focal wall thickening. On T2-weighted images, tumors 
usually are slightly higher in signal intensity than adja- 
cent normal stomach [42]. 

An important observation on gadolinium-enhance- 
ment MRI images is that collapsed normal gastric wall 
enhances identically to the remainder of the wall on 
early and late postgadolinium images (fig. 6.16), whereas 
tumors show more heterogeneous enhancement that 
may be decreased or increased relative to the gastric 
wall on early, late, or both sets of images [29]. 
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Fig. 6.13 Gastric polyps. Immediate postgadolinium SGE (a) and 90-s postgadolinium fat-suppressed SGE (b) images in a 
patient with Gardner syndrome demonstrate multiple enhancing gastric polyps (arrows, a, b). The polyps possess intense enhance- 
ment. Gastric neurofibromas. T2-weighted single-shot echo-train spin-echo (c), Tl-weighted SGE (d), Tl-weighted postgadolinium 
hepatic arterial dominant-phase SGE (e), and Tl-weighted postgadolinium fat-suppressed hepatic venous-phase SGE (/") images 
demonstrate neurofibromas (arrows, c, d) located in the cardia portion of the stomach. The lesions show heterogeneous high signal 
on T2-weighted image (c) and low signal on Tl-weighted image id). The lesions show negligible enhancement on postgadolinium 
images (e, /). Note that paravertebral neurofibromas (open arrows, c) are present. Gastric schwannoma. Coronal T2-weighted 




Fig. 6.13 (Continued) single-shot echo-train spin-echo (g), transverse Tl-weighted SGE (h), transverse Tl-weighted postgado- 
linium fat-suppressed hepatic arterial dominant-phase (i), and hepatic venous-phase (/') 3D-GE images demonstrate a gastric 
schwannoma (arrows, g, h) located in the lesser curvature. Exophytic lesion shows intermediate signal on precontrast sequences 
and homogeneous enhancement on postgadolinium images. Note that there is a cyst in the left liver lobe. Gastric lipoma. Coronal 
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(m) 





Fig. 6.13 (Continued) T2-weighted single-shot echo-train spin-echo (&), transverse T2-weighted fat-suppressed single-shot echo- 
train spin-echo (/), transverse Tl-weighted in-phase (m) and out-of-phase (n) SGE, transverse Tl-weighted fat-suppressed 3D-GE (o), 
and transverse Tl-weighted postgadolinium hepatic venous-phase 3D-GE (p) images demonstrate a lipoma in the stomach lumen. 
The lesion shows high signal on precontrast non-fat-suppressed images (k, m, n). The lesion shows low signal on fat-suppressed 
images (/, o). Note that phase-cancellation artifact is present around the lipoma on out-of-phase image (n). The capsule of lipoma 
shows enhancement, and no enhancement is detected in the lipoma (p). 



Tumors that originate in the cardia (fig. 6.17), body 
(fig. 6.18), antrum (fig. 6.19), and pylorus (fig. 6.20) are 
all well shown. Diffusely infiltrative carcinoma (linitis 
plastica carcinoma) tends to be lower in signal intensity 
than normal adjacent stomach on T2-weighted images 
because of its desmoplastic nature. Linitis plastic carci- 
noma enhances only modestly after intravenous contrast 
(fig. 6.21). In contradistinction, the other morphologic 
types of gastric carcinoma enhance more intensely with 



intravenous gadolinium. Gadolinium-enhanced fat- 
suppressed SGE or 3D-GE imaging aids in identification 
of transmural spread including peritoneal disease (fig. 
6.22) and tumor involvement of lymph nodes. In vitro 
work with resected gastric cancer specimens at high 
field strength has demonstrated mucosal, submucosal, 
and muscle invasion [42]. 

Metastases enhance conspicuously against a back- 
ground of low-signal-intensity fat. Detection of hepatic 
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Fig. 6.14 Gastric varices. Fat-suppressed SGE (a) and 90-s 
postgadolinium fat-suppressed SGE (b) images. No splenic vein 
is identified posterior to the pancreas (a). After intravenous gado- 
linium administration (b), gastric varices enhance. These veins 
are part of the portosystemic circulation that are recruited to 
provide alternative venous channels in the presence of splenic 
vein thrombosis. A prominent varix is identified in the gastric 
wall (arrow, b). Transverse interstitial-phase gadolinium-enhanced 
fat-suppressed SGE image (c) in a second patient with hepatic 
cirrhosis. Large-caliber varices (arrow, c) are seen within the 
posterior wall stomach, immediately distal to the GE junction. 




Fig. 6.15 Gastric bezoar. Transverse interstitial-phase 
gadolinium-enhanced fat-suppressed SGE image. The stomach 
is distended and filled with debris, which demonstrates a 
rounded configuration that represents a bezoar. 



Table 6.1 TNM Staging for Cancer 
of the Stomach 

T — Primary tumor 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Pre-invasive carcinoma (carcinoma in situ) 

T1 Tumor limited to the mucosa, or mucosa and submucosa 
regardless of extent and location 

T2 Tumor with deep infiltration occupying not more than 
one-half of one region 

T3 Tumor with deep infiltration occupying more than one-half 
but not more than one region 

T4 Tumor with deep infiltration occupying more than one-half 
but not more than one region or extending to neighboring 
structures 

N — Regional lymph nodes 

Nx Regional lymph nodes cannot be assessed 

NO No evidence of regional lymph node metastasis 

N1 Metastasis in lymph node(s) within 3cm of the primary 
tumor along the greater or lesser curvatures 

N2 Evidence of lymph node metastasis more than 3 cm from 
the primary tumor including those along the left gastric, 
splenic, celiac, and common hepatic arteries 

N3 Evidence of involvement of the para-aortic and 
hepatoduodenal lymph nodes and/or other intra-abdominal 
lymph nodes 

M — Metastases 

Mx Distant metastases cannot be assessed 
MO No distant metastases 
M1 Distant metastases 
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Fig. 6.16 Comparison between normal collapsed gastric 
wall and tumor. Transverse interstitial-phase gadolinium- 
enhanced fat-suppressed SGE image (a) in a normal patient. Note 
that the stomach is collapsed and the gastric wall enhancement is 
homogeneous. Note the symmetric radial fold pattern of the 
gastric rugae in the collapsed stomach. Transverse immediate 
postgadolinium (£>) and interstitial-phase gadolinium-enhanced fat- 
suppressed SGE (c) images in a second patient with gastric cancer 
show diffuse gastric wall thickening and heterogeneous enhance- 
ment of the gastric wall. (Reprinted with permission from Marcos 
HB, Semelka RC: Stomach diseases: MR evaluation using combined 
T2-weighted single-shot echo train spin-echo and gadolinium- 
enhanced spoiled gradient-echo sequences. / Magn Reson 
Imaging 10: 950-960, 1999.) 



involvement is facilitated by T2 -weighted fat-suppressed 
sequences and dynamic gadolinium-enhanced SGE or 
3D-GE techniques. This combined approach is superior 
to conventional CT imaging [43]. 

Marcos and Semelka reported on the detection and 
staging of gastric carcinoma [29]. In five of eight patients, 
focal, asymmetric gastric wall thickening or mass, con- 
sistent with gastric adenocarcinoma, was well demon- 
strated on MR evaluation. Failure of detection was 
related to small tumor size (<l-2cm), lack of gastric 
distension, tumor enhancement similar to stomach wall, 
and tumoral isointensity on T2 -weighted images. Staging 
accuracy was good, reflecting the adequate display of 
tumor and tumor extent on gadolinium-enhanced fat- 
suppressed SGE or 3D-GE images. 

Gastrointestinal Stromal Tumors (GISTs). 

Gastrointestinal mesenchymal neoplasms can be divided 
into two broad categories, those that represent clear-cut 
diagnostic entities (such as leiomyomas and lipomas) 
and those that are difficult to classify into any specific 
cell lineage, that is, ultrastructural or immunohistochem- 



ical studies are not able to determine the histogenesis 
of the neoplastic cell population. The latter group of 
tumors falls into the category of gastrointestinal stromal 
tumors (GISTs). Although rare, GISTs most commonly 
occur in the stomach. All symptomatic GISTs are poten- 
tially malignant. These tumors are divided pathologi- 
cally into lesions of 1) uncertain malignant potential, 2) 
low-grade malignant GIST, and 3) high-grade GIST. 
Grossly, these tumors differ from adenocarcinoma and 
lymphoma in that they often have a large exophytic 
component. Liquefactive necrosis and intratumoral 
hemorrhage are common. Spread is via direct extension 
and hematogenous metastases. High-grade GISTs are 
heterogeneous and high in signal on T2-weighted and 
gadolinium-enhanced fat-suppressed SGE or 3D-GE 
images because of their increased vascularity (figs. 6.23- 
6.26). During the capillary phase of imaging, they show 
marked enhancement that persists throughout the inter- 
stitial phase. Hasegawa et al. [44] reported that high- 
grade tumors have ill-defined tissue planes with adjacent 
tissues and organs, reflecting invasion, whereas low- 
grade tumors have well-defined planes, reflecting less 
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Fig. 6.17 Gastric adenocarcinoma, cardia. Tl-weighted (a), T2-weighted (£>), and gadolinium-enhanced Tl-weighted fat- 
suppressed spin-echo (c, d) images in a patient with gastric cancer. The stomach has been distended with negative oral contrast 
agent. The gastric adenocarcinoma causes wall thickening medially, which is intermediate in signal intensity on the Tl-weighted 
image (arrow, a) and heterogeneous and slightly hyperintense on the T2-weighted image (arrow, b). After intravenous gadolinium 
administration, the tumor (open arrows, c, d) enhances more than the normal stomach. The distal esophagus is also abnormally 
thickened with increased enhancement (arrowheads, d), which is consistent with spread across the gastroesophageal junction. SGE 
(e), T2-weighted fat-suppressed echo-train spin-echo (/"), and immediate postgadolinium SGE (g) images in a second patient. The 
stomach (S, e-g) has been distended with a positive oral contrast agent. A large tumor in the cardia of the stomach (arrowheads, 
e-g) causes mass effect on the lumen. The cancer is low in signal intensity on the Tl-weighted image (e) and heterogeneous 
and high in signal intensity on the T2-weighted image (f) and enhances heterogeneously after intravenous contrast (g). Note that 




Fig. 6.17 (Continued) the tumor also involves the distal esophagus (large arrow, e-g). Tl -weighted SGE (h), Tl -weighted 
hepatic arterial phase (i), and hepatic venous phase (/) SGE images demonstrate ulcerated gastric adenocarcinoma (arrow, h) located 
in the cardia of the stomach in another patient. The tumor shows progressive enhancement on postgadolinium images. 




Fig. 6.18 Gastric adenocarcinoma, body. Coronal T2-weighted SS-ETSE (a), coronal precontrast SGE (£>), transverse immedi- 
ate postgadolinium SGE (c), and transverse 2-min postgadolinium fat-suppressed SGE id) images. A circumferential low-signal- 
intensity mass is demonstrated in the body of the stomach. The high-signal-intensity fluid contents of the stomach permit good 
delineation of the low-signal-intensity mass on the T2-weighted SS-ETSE image (arrow, a). The mass is isointense to the stomach 
wall on the precontrast Tl-weighted image (£>). On the immediate postgadolinium image, the tumor (arrows, c) shows mild 





Fig. 6.18 (Continued) heterogeneous enhancement. On 2-min postgadolinium image (d), the tumor continues to enhance but 
to a lesser extent and heterogeneously compared to the remainder of the gastric wall. Note the intense enhancement of the normal 
renal cortex, which is greater than the enhancement of gastric wall or tumor. (Reprinted with permission from Marcos HB, Semelka 
RC: Stomach diseases: MR evaluation using combined T2-weighted single-shot echo train spin-echo and gadolinium-enhanced spoiled 
gradient-echo sequences. / Magn Reson Imaging 10: 950-960, 1999) Coronal T2-weighted single shot echo train spin echo (e), 
transverse Tl -weighted SGE (/"), transverse postgadolinium fat-suppressed hepatic arterial dominant phase (g) and hepatic venous 
phase Qf) 3D-GE images demonstrate a large adenocarcinoma (arrow, e) located in the body of the stomach in another patient. The 
exophytic tumor shows continuity with the stomach wall, and it displaces the transverse colon along its interface with transverse 
colon. The tumor is also adjacent to the pancreatic head, which is located posteriorly. The tumor demonstrates low signal on pre- 
contrast images (e, /). Progressive heterogeneous enhancement of the tumor is detected on postgadolinium images (g, h). Central 
necrosis is also present. Note that the tumor mimics gastrointestinal stromal tumor. 
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Fig. 6.19 Gastric adenocarcinoma, antrum. Transverse 45-s postgadolinium SGE image (a) demonstrates thickening 
and increased enhancement of the antrum secondary to gastric carcinoma (solid arrows, a). The remaining normal stomach has a 
thin wall (open arrow, a). Coronal SS-ETSE (b) and transverse interstitial-phase gadolinium-enhanced SGE (c) images in a second 
patient with antral tumor demonstrate a large, distended, debris-filled stomach secondary to gastric outlet obstruction. Note the 
substantial thickening and increased enhancement with gadolinium (c) of the antrum (arrows, b). Coronal id) and transverse 
(e) T2-weighted SS-ETSE and transverse interstitial-phase gadolinium-enhanced fat-suppressed SGE (/") images in a third patient 
also show circumferential thickening and increased enhancement of the gastric antrum, with marked distension of the stomach. 
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Fig. 6.19 (Continued) T2-weighted single-shot echo-train spin-echo (g), Tl-weighted SGE (h), Tl-weighted postgadolinium 
hepatic arterial dominant-phase SGE (1), and Tl-weighted postgadolinium hepatic venous phase fat-suppressed 3D-GE (/') images 
demonstrate gastric adenocarcinoma (arrows, 7) in the antrum in another patient. The wall of the antrum is thickened and shows 
intense enhancement due to tumoral involvement. The tumor extends into the duodenal wall. Note that the stomach is moderately 
dilated because of outlet obstruction. 



aggressive tumor behavior. The necrotic portions of the 
tumor remain signal void on postcontrast images. 
Dynamic gadolinium-enhanced Tl-weighted imaging 
also detects hepatic metastases. The hypervascular 
lesions show early ring or uniform enhancement, which 
rapidly becomes isointense with normal hepatic paren- 
chyma. Low-grade tumors enhance to a lesser extent 
than higher-grade tumors (fig. 6.27). GIST of the stomach 
may be submucosal, intramural, or subserosal; subsero- 
sal lesions may be predominantly exophytic, and their 
origin from the gastric wall may not be apparent on 
radiologic evaluation [45]. In the Hasegawa series, the 
gastric origin of the tumor was uncertain in three of 
nine cases because of the large exophytic component, 
relatively small gastric pedicle, and absence of mucosal 
invasion. It is therefore prudent to consider the possibil- 
ity of GIST for any large tumor with central necrosis 



and hemorrhage that may appear radiologically to only 
abut the stomach. 

Kaposi Sarcoma. Kaposi sarcoma most com- 
monly occurs in immunocompromised patients, usually 
AIDS patients or recipients of organ transplantation. 
Grossly, the lesions of gastrointestinal tract Kaposi 
sarcoma consist of solitary, but frequently multiple, 
submucosal nodules. Microscopically, tumor is charac- 
terized by proliferation of spindle cells admixed with 
numerous vascular channels and red blood cell extrava- 
sation. Although approximately 50% of patients with 
AIDS-related Kaposi sarcoma will have gastrointestinal 
lesions at autopsy, most patients are asymptomatic. In 
rare instances, gastrointestinal Kaposi sarcoma may 
cause obstruction, intussusception, or hemorrhage. The 
stomach is the most common site of gut involvement, 
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Fig. 6.20 Gastric adenocarcinoma, pylorus. SGE (a), 1-s (b) and 45-s (c) postgadolinium SGE, and interstitial-phase gadolin- 
ium-enhanced Tl -weighted fat-suppressed spin-echo id) images. A circumferential pyloric channel adenocarcinoma with duodenal 
extension (arrows, a-d) is present. The tumor enhances heterogeneously Qf) and increases in signal intensity on the 3-min inter- 
stitial-phase image (d). This reflects accumulation of contrast in the interstitial space of the tumor. Coronal (e) and transverse (/") 
T2-weighted single-shot echo-train spin-echo images demonstrate gastric adenocarcinoma of the pylorus in another patient. The 
wall of the pylorus is thickened (arrows; e, /) because of tumoral involvement. Note that the stomach is dilated because of outlet 
obstruction and there is small amount of free fluid in the abdomen. 
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Fig. 6.21 Gastric adenocarcinoma, linitis plastica. Fat-suppressed SGE (a, b) and immediate postgadolinium SGE (c) 
images. Diffuse relatively homogeneous gastric wall thickening is present (a, b). Minimal enhancement is appreciated on the 
immediate postgadolinium SGE image (c). Transverse T2-weighted single-shot echo-train spin-echo id) and Tl -weighted postgado- 
linium magnetization-prepared gradient-echo (MPRAGE) transverse (e, /) and coronal (g) images demonstrate linitis plastica in 
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Fig. 6.21 (Continued) another patient. The gastric wall is dif- 
fusely thickened and shows diffuse enhancement. Note that the 
bile ducts are dilated because of the tumor (arrows, g) invasion. 





Fig. 6.22 Gastric adenocarcinoma with extensive carci- 
nomatosis. Coronal T2-weighted SS-ETSE (a) image and trans- 
verse 2-min postgadolinium fat-suppressed SGE images at more 
superior (b) and inferior (c) tomographic levels. Diffuse thicken- 
ing of a low-signal-intensity gastric wall is appreciated (arrows, a). 
Ascites is shown as high-signal-intensity intraperitoneal fluid on 
the T2-weighted image (a). The gastric tumor (arrows, b) is mildly 
enhanced on the 2-min postgadolinium image (b) compared to 
gastric wall. At a lower tomographic level (c), intense peritoneal 
enhancement (arrows, c) with nodules is shown, representing 
peritoneal metastases. (Reprinted with permission from Marcos 
HB, Semelka RC: Stomach diseases: MR evaluation using combined 
T2-weighted single-shot echo train spin-echo and gadolinium- 
enhanced spoiled gradient-echo sequences. / Magn Reson 
Imaging 10: 950-960, 1999.) 
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Fig. 6.23 Gastrointestinal stromal tumor (GIST). Tl-weighted fat-suppressed spin-echo (a), T2-weighted fat-suppressed 
spin-echo (£>), 45-s postgadolinium SGE (c), and gadolinium-enhanced fat-suppressed spin-echo id) images. A large exophytic GIST 
arises from the lesser curvature (arrowheads, a-d) and is contiguous with the spleen. The tumor is heterogeneous and high in 
signal intensity on the T2-weighted image (b) and enhances intensely (c, d). Enhancing tumor extends adjacent to the spleen (open 
arrow, c, d). Signal-void areas within the tumor are consistent with necrosis. Air within the gastric lumen is also signal void (solid 
arrow, b-d). Coronal Tl-weighted SGE (e), transverse T2-weighted single-shot echo-train spin-echo (/"), and transverse Tl-weighted 
postgadolinium hepatic venous phase fat-suppressed 3D-GE (g) images at 3.0 T demonstrate an exophytic GIST (arrows, e-g) 
arising from the greater curvature of the stomach in another patient. The tumor shows low signal on Tl-weighted image (e), mildly 
high signal on T2-weighted image (/"), and mild enhancement on postgadolinium image (g). CT (/?), T2-weighted fat-suppressed 
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Fig. 6.23 (Continued) single-shot echo-train spin-echo (/), Tl-weighted out-of-phase SGE (j), and Tl-weighted postgadolinium 
hepatic venous phase fat-suppressed 3D-GE (&) images demonstrate subserosal GIST (arrows, h,j) arising from the lesser curvature 
in another patient. The tumor shows high signal on T2-weighted image (1), low signal on Tl-weighted image (7), and prominent 
enhancement on postgadolinium image (&). T2-weighted single-shot echo-train spin-echo (/), Tl-weighted SGE (m), Tl-weighted 
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Fig. 6.23 (Continued) postgadolinium fat-suppressed hepatic 
arterial dominant phase (n), and hepatic venous phase (o) 3D-GE 
images at 3.0 T demonstrate submucosal GIST (arrow, /) protrud- 
ing into the lumen of the stomach in another patient. The tumor 
shows high signal on T2-weighted image (/), low signal on Tl- 
weighted image (rn), and mild enhancement on postgadolinium 
images (n). 





Fig. 6.24 Gastrointestinal stromal tumor (GIST). Coronal (a) and transverse (b) T2-weighted SS-ETSE, immediate postgado- 
linium SGE (c), and 90-s postgadolinium fat-suppressed SGE id) images. A large multilobulated tumor (arrows, a, b) measuring 
18 x 16 x 13 cm is shown arising from the gastric wall (open arrow, a, b). Multiple internal foci of high signal intensity are seen, 
representing areas of hemorrhage and necrosis. On the immediate postgadolinium image (c), the tumor enhances heterogeneously 





Fig. 6.24 (Continued) and is mildly hyperintense. On the 90-s fat-suppressed SGE image (d), increased heterogeneous enhance- 
ment of the mass is shown, which contains nonenhancing areas of necrosis and hemorrhage. (Reprinted with permission from 
Marcos HB, Semelka RC: Stomach diseases: MR evaluation using combined T2-weighted single-shot echo train spin-echo and 
gadolinium-enhanced spoiled gradient-echo sequences. / Magn Reson Imaging 10: 950-960, 1999) Tl-weighted SGE (e), T2- 
weighted single-shot echo-train spin-echo (/") and Tl-weighted postgadolinium fat-suppressed interstitial-phase 3D-GE (g) images 
demonstrate a GIST arising from the stomach in another patient. The tumor is very heterogeneous and contains hemorrhagic and 
necrotic foci. Hemorrhagic foci show high signal on Tl-weighted image (e) and heterogeneously low signal on T2-weighted image 
(/"). Necrotic foci show low signal on Tl-weighted image (e) and high signal on T2-weighted image (/"). The tumor shows hetero- 
geneous enhancement on postgadolinium image (g). Note that there is peritoneal enhancement and ascites, which are consistent 
with metastatic peritoneal disease. The tumor displaces the IVC and aorta laterally and the liver anteriorly. After chemotherapy, the 
tumor shows decrease in size (h). 
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Fig. 6.25 High-grade GIST. Coronal T2-weighted SS-ETSE (a) 
and transverse (b) and sagittal (c) 2- to 3-min gadolinium-enhanced 
fat-suppressed SGE images. A large, heterogeneous tumor (arrows, 
a-c) arises from the gastric fundus and body. The lesion has ill- 
defined margins that correspond to high-grade cellular features 
seen at histopathologic examination. The stomach (open arrow, 
b, c) is compressed and deviated by the mass. 



but lesions may occur throughout the gastrointestinal 
tract. Kaposi sarcoma should be considered in an AIDS 
patient who has gastrointestinal lesions in concert with 
bulky retroperitoneal lymphadenopathy, hepatic and 
splenic lesions, and infiltration of the psoas or abdomi- 
nal wall [46]. 

Lymphoma. Primary gastric lymphoma is rare. 
Hodgkin lymphomas and non-Hodgkin lymphomas 
(NHL) are more commonly observed in the context of 
disseminated disease. Approximately 50% of gastroin- 
testinal NHL arise in the stomach, 40% in the small 
intestine, and 10% in the colon [47]. Infiltration of the 
gastric wall by tumor cells results in diffuse mural thick- 



ening [48, 49]. Non-Hodgkin lymphoma often preserves 
gastric distensibility, whereas Hodgkin lymphoma 
mimics the diffusely infiltrating form of primary gastric 
adenocarcinoma (linitis plastica): a desmoplastic reac- 
tion predominates, leading to a noncompliant aperistal- 
tic viscus. Diffuse gastric wall thickening is best seen 
on single-shot echo-train spin-echo and gadolinium- 
enhanced fat-suppressed SGE or 3D-GE images (fig. 
6.28). Involved regional lymph nodes also can be identi- 
fied with these techniques. 

Carcinoid. These tumors were first described by 
Obendorfer in 1907 as karzinoide (resembling carci- 
noma) because, despite their malignant potential, they 
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Fig. 6.26 Intermediate- to high-grade GIST. Coronal T2- 
weighted SS-ETSE (a), SGE (b), and 90-s gadolinium-enhanced 
fat-suppressed SGE (c) images. A large mass is seen (arrows, a-c) 
arising from the posterosuperior aspect of the gastric fundus. The 
tumor has heterogeneous signal intensity, contains hemorrhagic 
foci, and demonstrates moderate signal intensity. The mass has a 
long interface with the left hemidiaphragm and surrounding 
organs, but there is no evidence of deep invasion. A dominant 
necrotic focus is evident that represents an ulcer crater (small 
arrow, c). 





Fig. 6.27 Gastrointestinal stromal tumor (GIST), low grade. Transverse SGE (a), immediate postgadolinium SGE (£>), and 
90-s postgadolinium fat-suppressed SGE (c, d) images in a low-grade GIST (short arrows, a-d). On the precontrast image, high 
signal within the tumor represents hemorrhage (open arrow, a). Low-grade GISTs enhance minimally after intravenous contrast. 
The tumor causes mass effect on the remaining stomach (long arrows, b, c) and the adjacent colon (large arrows, b, c). 
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Fig. 6.27 (Continued) 





Fig. 6.28 Non-Hodgkin lymphoma of the stomach. 

Immediate postgadolinium SGE (a) and gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo (b, c) images. There is diffuse 
circumferential lymphomatous infiltration of the stomach wall 
(short arrows, a-c). Lymphoma extends to the left adrenal gland 
(long arrow, b). At a lower tomographic section, prominent ret- 
roperitoneal lymphadenopathy is present (arrow, c), which is 
commonly observed in the setting of gastric lymphoma. 
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exhibited slow growth patterns and were slow to 
metastasize. Carcinoids are best characterized as well- 
differentiated neuroendocrine neoplasms that occur 
most commonly in the appendix and small intestine 
(see discussion under small intestine). Gastric carcinoids 
are divided into two basic clinicopathologic categories, 
depending on whether they arise in the presence or 
absence of chronic atrophic gastritis [50]. 

Gastrin is secreted in a normal physiologic state by 
G cells in the gastric antrum. Secretion rates are normally 
controlled by gastric acid levels (mainly hydrochloric 
acid secretion by parietal cells in the fundus). When 
hydrochloric acid levels decrease, as occurs in the setting 
of chronic atrophic gastritis, increased secretion by G 
cells causes hypergastrinemia. Gastrin acts as a trophic 
factor to neuroendocrine-like cells in the fundic mucosa, 
resulting in hyperplasia progressing to carcinoid tumors. 
These tumors arise in situations of hypergastrinemia in 
conditions such as chronic autoimmune atrophic gastritis 
(pernicious anemia), chronic atrophic gastritis associated 
with Helicobacter pylori infection, and prolonged iatro- 
genic acid suppression with proton pump inhibitors 
(such as omeprazole) [51]. Hypergastrinemia may also 



occur in patients with Zollinger-Ellison syndrome and 
multiple endocrine neoplasia (MEN) type I. Gastric car- 
cinoid tumors associated with chronic atrophic gastritis 
tend to occur in the fundus and are multiple, limited to 
the mucosa and submucosa. Lesions are rarely malignant 
and regress when gastrin levels are decreased, usually 
after antrectomy (gastrin-producing cells reside predomi- 
nantly in the antrum). This situation is in sharp contrast 
to gastric carcinoid tumors that arise sporadically in 
a normogastrinemic state. Sporadic gastric carcinoid 
tumors arise anywhere in the stomach and may be small 
(<2-cm diameter) submucosal nodules or large tumors 
that invade deeply and promote prominent fibrosis in 
surrounding tissues. Sporadic gastric carcinoids should 
be regarded as malignant neoplasms and should be 
completely surgically resected. 

On MR images, carcinoid tumors are near-isointense 
on Tl and mildly hyperintense and heterogeneous on 
T2 and often show increased enhancement on early and 
later postgadolinium images (fig. 6.29). 

Metastases. Metastatic involvement of the stomach 
is uncommon. Gastric metastatic lesions are generally 





Fig. 6.29 Gastric carcinoid. Coronal T2-weighted SS-ETSE 
(a), coronal SGE (£>), and transverse immediate postgadolinium 
SGE (c) images. This primary carcinoid tumor of the stomach 
appears as a mass in the wall of the antrum that invades the duo- 
denum and pancreas. The tumor is mixed solid with cystic spaces 
(arrows, a) on T2 and isointense on Tl (b) and enhances hetero- 
geneously after contrast administration (arrows, c). There are also 
hepatic metastases that are moderately hyperintense on T2- 
weighted image and hypointense on precontrast SGE image (£>) 
and show homogeneous early enhancement (large arrow, c). A 
simple cyst is also seen in the right kidney. 
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submucosal. Tumors of neighboring organs, such as 
esophagus, pancreas, and transverse colon, may involve 
the stomach by direct extension. Specifically, colon 
carcinoma arising in the transverse colon invades the 
stomach via the gastrocolic ligament, whereas pancre- 
atic carcinoma invades the posterior wall of the gastric 
body and antrum via the transverse mesocolon. 



Carcinomas of lung and breast and melanoma are the 
most common primary malignancies that result in hema- 
togenous gastric metastases (fig. 6.30). Breast cancer 
metastases are noteworthy in that submucosal involve- 
ment with diffuse thickening of gastric wall may be 
indistinguishable from diffusely infiltrative gastric ade- 
nocarcinoma (linitis plastica) (fig. 6.30). 




Fig. 6.30 Melanoma metastasis to the stomach. Immediate 
postgadolinium SGE image (a) in a patient with metastatic mela- 
noma. Malignant melanoma metastasizes hematogenously, and in 
this patient multiple liver metastases and a gastric metastasis (long 
arrow, a) are identified. The metastases are high in signal on this 
Tl -weighted image because of the paramagnetic properties of 
melanin. Breast cancer metastases to the stomach and 
peritoneum. T2-weighted single-shot echo-train spin-echo (b), 
Tl -weighted out-of-phase SGE (c), Tl -weighted postgadolinium 
hepatic arterial dominant-phase SGE (d), and Tl-weighted postg- 
adolinium interstitial-phase fat-suppressed 3D-GE (e) images dem- 
onstrate hematogenous metastases in the stomach and peritoneum 
from breast cancer in another patient. The gastric wall is diffusely 
thickened and shows diffuse prominent enhancement due to 
metastatic involvement. Note that there is peritoneal enhance- 
ment and ascites, which are consistent with metastatic peritoneal 
disease. Parapelvic cysts are present in the right kidney. 
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Inflammatory and Infectious Disorders 

Gastric Ulceration and Gastritis 

Ulcers are defined pathologically as localized, destruc- 
tive lesions involving full-thickness mucosa. Ulcer 
craters may extend into submucosa or deeper aspects 
of the gut wall. The two most important factors involved 
in the etiology of chronic peptic ulcer disease are the 
amount of gastric acid and the mucosal resistance. An 
almost invariable feature of gastric ulcer disease is evi- 
dence of diffuse inflammation of surrounding mucosa, 
indicative of chronic antral gastritis that is mainly caused 
by H. pylori infection. In some cases, gastritis may result 
from repeated exposure to toxic substances including 
alcohol, drugs, and bile salts. Approximately 10% of 
patients have ulcers in both the antrum and the duode- 
num [52]. 

Benign gastric ulcers most commonly occur along 
the lesser curvature in the region of the border zone 
between the corpus and antral mucosa. 

Marcos and Semelka reported on the MR appear- 
ance of gastric ulcers [29]. Gastric inflammatory disease 
in general results in increased mural enhancement on 
both early and late gadolinium images (fig. 6.31). Ulcer 
craters may be demonstrated on both single-shot echo- 
train spin-echo and gadolinium-enhanced fat-sup- 
pressed SGE or 3D-GE images (fig. 6.31). 

Gastritis is defined as inflammation of the gastric 
mucosa. Inflammation may be acute, consisting pre- 
dominantly of neutrophils, or chronic, with a prepon- 
derance of lymphocytes or plasma cells. 

Acute gastritis is usually transient in nature and may 
be associated with a variety of factors including heavy 
use of drugs, especially NSAIDs, excessive alcohol con- 
sumption, smoking, and severe stress (e.g., trauma, 
burns, surgery). Severe acute gastritis is often character- 
ized pathologically by the presence of erosions and 
hemorrhage. The term "erosion" denotes the loss of 
superficial epithelium, in contrast to ulcers, which 
involve the full-thickness mucosa. Gastritis causes mural 
edema, which is seen as high signal intensity in the 
submucosa (fig. 6.31). Gastritis also results in increased 
mural enhancement on both early and late gadolinium 
images (fig. 6.31). 

Chronic gastritis is characterized by the presence of 
chronic inflammation leading to mucosal atrophy and 
abnormal changes in the epithelium (fig. 6.32). Erosions 
generally do not occur in this setting. The major etiolo- 
gies of chronic gastritis include immunologic (perni- 
cious anemia), chronic infection, especially with 
Helicobacter pylori, and toxic, as in alcohol consump- 
tion and cigarette smoking. 

Both acute and chronic gastritis may occur in 
patients receiving high-dose radiation therapy. A chronic 
ulcer may develop months to several years after 



radiation exposure. Gastric inflammation, fibrosis, and 
stricture formation may lead to outlet obstruction 
(fig. 6.33) [531. 

Gastric Wall Edema 

Mural edema without substantial inflammatory changes 
is shown by the combination of mural high signal on 
single-shot T2-weighted images in combination with the 
lack of substantial enhancement on postgadolinium fat- 
suppressed Tl -weighted gradient-echo images. A useful 
internal standard is to compare the extent of enhance- 
ment of the gastric wall with nearby renal cortex. The 
wall should not enhance more than renal cortex to 
establish the diagnosis of gastric wall edema. A variety 
of disease processes may result in gastric wall edema, 
including food allergies (fig. 6.33). 

Hypertrophic Rugal Folds 

Localized or diffuse thickening and gross enlargement 
of rugal folds ("cerebriform") may result from discrete 
hyperplasia of one of the epithelial mucosal compo- 
nents, inflammatory diseases, or tumors, most notably 
lymphoma or carcinoma. Causes of diffuse mucosal 
hypertrophy include hyperplasia of the parietal cells in 
Zollinger-Ellison syndrome (fig. 6.34) or of surface 
foveolar mucous cells in Menetrier disease. Types of 
specific inflammatory conditions that may cause rugal 
enlargement, often localized to the antrum, include 
infections such as tuberculosis and syphilis, chronic 
granulomatous diseases, and sarcoidosis [54]. 

The use of the single-shot echo-train spin-echo 
technique coupled with adequate distension permits 
detection of rugal thickening. The hyperemia and capil- 
lary leakage that accompany inflammation are high- 
lighted on Tl -weighted fat-suppressed SGE or 3D-GE 
images. The inflamed tissue demonstrates early marked 
enhancement, which persists as the contrast pools in 
the interstitium. The inflammatory nature of some of 
these gastric diseases is best shown on gadolinium- 
enhanced images. 



The Postoperative Stomach 

A spectrum of surgical procedures involves the stomach. 
These procedures may be categorized as drainage with 
or without partial gastric resection, antireflux opera- 
tions, gastroplasty, resection, band surgery (fig. 6.35), 
and feeding gastrostomy (fig. 6.35). Familiarity with the 
exact surgical procedure performed aids radiologic 
investigation. The single-shot T2-weighted technique 
allows visualization of the anatomic changes following 
surgery, such as bowel anastomoses (fig. 6.35). 
Evaluation of inflammatory changes is accomplished 
with gadolinium-enhanced images. 





Fig. 6.31 Gastric ulcer. Transverse T2-weighted SS-ETSE (a) and transverse 1-min postgadolinium SGE (b) images. The high 
signal intensity of gastric contents (orally administered water ) delineates the ulcer crater (arrows, a) on the mucosal surface of the 
lesser curvature. On the 1-min postgadolinium SGE image (£>), the ulcer shows mildly increased enhancement (arrow). A 2-cm 
hemangioma is incidentally noted as an intensely enhancing mass lesion in the liver on the 1-min postgadolinium image (open 
arrow, £>). (Reprinted with permission from Marcos HB, Semelka RC: Stomach diseases: MR evaluation using combined T2-weighted 
single-shot echo train spin-echo and gadolinium-enhanced spoiled gradient-echo sequences. / Magn Reson Imaging 10: 950-960, 
1999) Gastritis. T2-weighted single-shot echo-train spin-echo (c), Tl-weighted SGE (d), Tl-weighted postgadolinium hepatic arte- 
rial dominant-phase SGE (e), and Tl-weighted postgadolinium hepatic venous phase fat-suppressed 3D-GE (/") images demonstrate 
diffuse gastritis in another patient. The gastric wall is diffusely thickened, but the rugal folds are regularly seen. The gastric wall 
shows diffuse prominent enhancement on postgadolinium images (e, /). Bilaminar enhancement of the gastric wall (arrow, /), 
which is due to the presence of edema, is seen on the hepatic venous phase (/"). Note that portal hypertension findings including 
splenomegaly, ascites, and varices are present. 
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Fig. 6.32 Atrophic gastritis. Coronal T2-weighted SS-ETSE 
image (a). The gastric wall is noted to be thin and featureless, 
consistent with atrophy of the gastric rugae. Coronal T2-weighted 
SSETSE image (b) and transverse interstitial-phase fat-suppressed 
postgadolinium SGE image (c) in a second patient show similar 
features of gastric wall atrophy. 





Fig. 6.33 Radiation gastritis. Transverse T2-weighted SSETSE (a), SGE (fr), and 90-s postgadolinium fat-suppressed SGE (c) 
images in a patient after radiation therapy for pancreatic cancer. There is marked wall thickening of the stomach with submucosal 
edema. Note the high signal of the thickened submucosa on the T2-weighted image (arrows, a), reflecting edema. After contrast 
administration, mucosal enhancement is noted. Gastric wall edema secondary to food allergy. Coronal T2-weighted single-shot 
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Fig. 6.33 (Continued) echo-train spin-echo (d), transverse 
fat-suppressed single-shot echo-train spin-echo (e), transverse Tl- 
weighted postgadolinium hepatic arterial dominant-phase fat- 
suppressed 3D-GE (/"), and coronal Tl-weighted postgadolinium 
hepatic venous phase fat-suppressed 3D-GE (g) images demon- 
strate edema in the submucosal space, observed as a thin line of 
high signal on T2-weighted images (d, e), in another patient with 
food allergy. The gastric wall shows high signal intensity due to 
edema but no abnormal enhancement. The stomach is distended 
due to oral administration of one L of water to achieve adequate 
visualization of the gastric wall. 
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Fig. 6.34 Zollinger— Ellison syndrome. Immediate postgadolinium SGE images (a, b). Intense enhancement and increased 
thickness of gastric rugae are appreciated (small arrows, a, b). Hypervascular liver metastases are also present (large arrow, a, b). 
Transverse T2-weighted SS-ETSE (c) and transverse 90-s fat-suppressed postgadolinium SGE (d) images in a second patient. There 
is a marked distension of the stomach and duodenum, and the anterior gastric wall is thickened. On the 90-s postgadolinium fat- 
suppressed SGE image (d), the gastric wall shows intense enhancement (arrows, d). (Reprinted with permission from Marcos HB, 
Semelka RC: Stomach diseases: MR evaluation using combined T2-weighted single-shot echo train spin-echo and gadolinium- 
enhanced spoiled gradient-echo sequences. J Magn Reson Imaging 10: 950-960, 1999) 
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Normal Anatomy 

The small bowel measures approximately 20-22 feet 
from the ligament of Treitz to the ileocecal valve. On 
gross inspection, the lining of the small intestine shows 
a series of permanent circular folds, plicae circulares. 
Each fold is covered by mucosa and contains a core of 
submucosa. The mucosal surface covered by villi, and 
the plicae circulares, increase the surface area and act 
as partial barriers that attenuate the forward flow of 
intraluminal contents, thus increasing the time of contact 
with absorptive surfaces. The duodenum is in continu- 
ation with the pylorus. It extends in a C shape to curve 
around the pancreatic head to end at the duodenal- 



jejunal flexure in the left upper quadrant. The duode- 
num is divided into four parts: bulb, descending, 
horizontal, and ascending segments. The bulb is the 
only intraperitoneal portion of the duodenum and is the 
most mobile. The second portion is in close proximity 
to the head of the pancreas, and both the pancreatic 
and common bile ducts converge to enter the postero- 
medial aspect forming the ampulla. The mesenteric 
small intestine begins at the jejunum. The jejunum occu- 
pies the superior and left abdomen, and the ileum 
occupies the inferior and right abdomen. Their mesen- 
teric attachment gives rise to two distinct borders, the 
concave or mesenteric border and the convex or 
antimes enteric border. The ileum has a narrower lumen 
and, migrating from jejunum to distal ileum, has pro- 
gressively fewer mucosal folds and a greater number of 
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Fig. 6.35 Gastrojejunostomy. Coronal T2-weighted SSETSE image (a) shows the side-to-end anastomosis of the stomach (s) 
to the jejunum (j) in this patient status post gastrointestinal bypass surgery. Gastric band. T2-weighted short-tau inversion recovery 
(£>), Tl-weighted SGE (c), and Tl-weighted postgadolinium hepatic arterial dominant phase SGE (d) images show gastric band 
(arrow, b) secondary to the operation. Percutaneous gastrostomy tube. T2-weighted single-shot echo-train spin-echo (e) and 
Tl-weighted hepatic venous phase fat-suppressed 3D-GE (/") images demonstrate that the percutaneous gastrostomy tube is not 
located in the gastric lumen. 
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mesenteric arcades. Normal bowel wall thickness should 
not exceed 3-4 mm. 

MRI Technique 

Previously, MRI had a limited role in assessing the small 
bowel because of poor intrinsic contrast resolution and 
motion artifacts caused by peristalsis. The combination 
of single-shot echo-train spin-echo images that are less 
sensitive to motion deterioration and pre- and postg- 
adolinium fat-suppressed breath-hold SGE or 3D-GE 
images is an effective approach for imaging the bowel 
(fig. 6.36). As a routine, patients should fast for at least 
5 hours before the exam to decrease bowel motion and 
peristalsis with the resulting blurring artifact. Ingested 
water coupled with the single-shot echo-train spin-echo 
technique provides high-quality images of the small 
bowel (see fig. 6.36). Images of the upper and midab- 
domen should be obtained in the axial and coronal 
planes to distinguish bowel, which will show tubular- 
shaped configuration in at least one plane, from masses, 
which will not. Unenhanced SGE images with and 
without fat suppression followed by gadolinium- 
enhanced Tl-weighted fat-suppressed SGE or 3D-GE 
images are necessary for a comprehensive exam. Normal 
bowel has a feathery appearance on unenhanced images 
because of the plicae circulares and after intravenous 
gadolinium enhances in a moderate and uniform fashion 
[55] (see fig. 6.36). Small bowel enhances less than the 
gastric wall (see fig. 6.36) and pancreas. Use of 3D-GE 
fat-suppressed gadolinium-enhanced images provide an 



optimal technique for Tl-weighted imaging. The shorter 
TR and TE result in decreased image deterioration from 
paramagnetic effects from intraluminal gas, and the 
short TR allows faster imaging, resulting in more cover- 
age with higher resolution during a shorter breath hold 
period than can be achieved with SGE technique. 
Combined with parallel processing, such as sensitivity- 
enhanced (SENSE) methods, rapid breath-hold exami- 
nation of the abdomen and pelvis has become more 
feasible. In addition, development of coil and software- 
hardware schemes, including multistep table technol- 
ogy, has facilitated optimization of the signal-to-noise 
ratio of the images through utilization of surface coils 
that can cover larger fields of view and allow evaluation 
of the abdomen and pelvis without having to pause the 
examination to readjust coils or reacquire preparation 
scans. The lesser enhancement of small bowel com- 
pared to pancreas generally allows clear distinction 
between these two organs on immediate postgadolin- 
ium images. The administration of intravenous gado- 
linium in combination with fat-suppressed 3D-GE 
Tl-weighted sequences permits evaluation of the bowel 
wall and assessment of mesenteric and retroperitoneal 
lymphadenopathy, peritoneal disease, and accompany- 
ing fistula, if present. The use of true-FISP sequence is 
also helpful for the evaluation of small bowel and 
mesentery. 

MR Small Bowel Follow -Through and Enteroclysis 

Recent studies have described small bowel follow- 
through and small bowel enema performed as MR 





Fig. 6.36 Normal bowel. Coronal T2-weighted SS-ETSE images (a-e) in five patients. The valvulae conniventes of the C loop 
of the duodenum (a-c) and of multiple loops of jejunum and ileum are well shown as low-signal-intensity bands on the T2-weighted 
images (arrows, e) and stand out in relief against the high-signal-intensity intraluminal contents and moderately high-signal-intensity 
fat. Normal head of pancreas (large arrow, a), and pancreatic duct (thin arrow, a) are demonstrated. Fat-suppressed SGE (/") and 
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Fig. 6.36 (Continued) immediate postgadolinium Tl-weighted 
fat-suppressed SGE (g) images in another patient with normal 
small bowel. On the precontrast fat-suppressed SGE image (/"), the 
normal small bowel has a feathery appearance (arrows, /). 
Immediately after intravenous contrast the walls of the small intes- 
tine (arrows, g) show modest enhancement. In contradistinction, 
the renal cortex shows marked enhancement (arrowheads, g). 
The renal cortex can be used as an internal standard to judge the 
severity of inflammatory bowel disease because severe disease 
enhances comparably to renal cortex. 
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studies. The technique involves administering a large 
volume of fluid by mouth or enteric tube and acquiring 
thick-section (5-8 cm) single-shot echo-train spin-echo 
images with strong T2 weighting, to obtain images that 
resemble fluoroscopic small bowel images (fig. 6.37). 
Although both bright and dark lumen contrast agents 
have been proposed, water-based methods may be 
relatively easy to implement and may provide excellent 
signal characteristics, resulting in bright lumen on T2- 
weighted and dark lumen on Tl -weighted images. In 
addition, to slow absorption of the water, which nor- 
mally would occur rapidly in the jejunum, osmotic and 
viscosity agents may be added. 

The use of a naso-jejunal tube for administration of 
intraluminal contrast may provide superior small bowel 
distension; oral administration may provide sufficient 
advantage for visualization of disease, particularly for 
demonstration of inflammatory bowel disease and related 
complications. Furthermore, enteroclysis requires fluoro- 
scopic assistance and is an invasive procedure for which 
patient compliance may be less favorable compared to 
an MR small bowel follow-through technique. The addi- 
tion of 2.5% mannitol, a nondigested carbohydrate, pro- 
vides an osmotic load that slows water absorption. The 



further addition of a viscosity agent has been shown to 
further improve small bowel distension. This approach 
may be preferable to methylcellulose and water, as used 
for conventional fluoroscopic small bowel examinations, 
as the degree of reflux emesis is felt to be a drawback 
particular to methylcellulose. Between 1000 and 1200 ml 
of the water-based contrast can be given to the patient 
for oral ingestion 20 to 30 minutes before the examina- 
tion and 20 mg of metoclopromide or lOOmg of erythro- 
mycin given intravenously to promote gastric emptying. 
Metoclopromide is well tolerated, whereas erythromycin 
can generate nausea, although generally well-tolerated 
at the low dose used here. 

Initial images can be obtained with both single-shot 
T2 and true-FISP, both acquired with breath hold or 
respiratory gated and both providing high contrast and 
resistant to deterioration from bowel motion. These 
images can give information regarding the degree 
and location of optimal small bowel distension. Fat- 
suppressed single-shot T2 technique may yield key 
images for visualization of edema and abnormal fluid 
collections outside of the bowel. In addition, a coronal 
MRCP heavily T2-weighted single-shot slab technique 
can be used to produce a single slice within 2 to 5 s, 





Fig. 6.37 Small bowel follow-through. SS-ETSE images with strong T2-weighting. Thick-slab (6 cm) images obtained 5 (a) and 
20 (b) min after ingestion of a large volume of water resemble fluoroscopic small bowel images. 
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resulting in an image that is similar to a small bowel 
fluoroscopic view. However, without concerns for radi- 
ation dose, these slab images can be obtained serially 
over time to monitor progression of the oral contrast 
and these images then can scrolled together into a 
single series of images that, when viewed one after the 
other, may generate information regarding bowel 
motion and reveal subtle areas of abnormalities such as 
fixed narrowing from adhesion or hernia. Once the 
distal ileum is distended, gadolinium-enhanced 3D-GE 
Tl -weighted images are acquired in both the coronal 
and axial planes. A 20-s delay image set through the 
liver and upper abdomen can be obtained and then 
followed by 70- and 90-s acquisitions in the coronal and 
axial planes through the abdomen and pelvis. This 
provides comprehensive examination of the abdominal 
solid organs. Just before gadolinium administration, 
1 mg of glucagon or 20 mg of Buscopan may be injected 
intravenously to produce bowel paralysis and improve 
image quality. This will also slow progression of the 
oral contrast. Advantages and specific applications for 
disease visualization are discussed in the corresponding 
sections that follow. 

Congenital Lesions 

Rotational Abnormalities 

Intestinal malrotations or nonrotations result from dis- 
ordered or interrupted embryonic intestinal counter- 
clockwise rotations around the axis of the superior 
mesenteric artery. In rotational abnormalities, the normal 
rotations and fixations are either incomplete or occur 
out of sequence [56]. The most common form, nonrota- 
tion, is readily apparent on tomographic images, dem- 
onstrated by the lack of normal passage of the third and 
fourth parts of the duodenum from right to left of 
midline. The other types of malrotation occur less fre- 
quently and include incomplete rotation, reversed rota- 
tion, and anomalous fixation or fusion of the mesenteries. 
Marcos et al. [57] have shown that rotational abnormali- 
ties can be well visualized on snap-shot echo-train 
spin-echo images (fig. 6.38). 

Diverticulum 

A diverticulum is defined as a mucosal outpouching 
emanating from the alimentary tract that communicates 
with the gut lumen. Congenital diverticula usually 
contain all three layers with a complete muscularis 
externa in the outpouching; in contrast, acquired diver- 
ticula lack a muscularis externa. Diverticula of the 
jejunum and ileum involve the mesenteric side of the 
bowel. In the small intestine muscular wall, points at 
which mesenteric vessels and nerves enter provide 
potential sites of weakness where mucosa may herni- 
ated into the mesentery. 



Small bowel diverticula occur most commonly in 
the duodenum. Multiple small bowel diverticula may be 
associated with intestinal bacterial overgrowth and 
resultant metabolic complications. Diverticula may 
be demonstrated on MR images as air or air fluid- 
containing structures that arise from the bowel (fig. 6.39). 
Change in size of the diverticulum may be observed 
between sequences in an MRI examination, reflecting 
contraction and expansion. Single-shot echo-train spin 
echo is effective at demonstrating this entity. The 
absence of appreciable susceptibility artifact from air in 
the diverticula with this technique allows clear delinea- 
tion of diverticula and their origin from bowel [57]. 

Meckel Diverticulum 

Meckel diverticulum is a remnant of the omphalomes- 
enteric duct (vitelline duct). Normally, this duct is oblit- 
erated by the fifth week of gestation. Meckel diverticulum 
is common, with a prevalence of about 2% in the 
general population. It occurs within 25 cm of the ileoce- 
cal valve along the antimesenteric border. Most patients 
with Meckel diverticulum are asymptomatic. If the 
diverticulum contains acid-secreting epithelium of 
gastric mucosa, ulceration and bleeding may result. 
Intussusception and inflammation may also occur, irre- 
spective of the type of mucosa present. The mainstay 
of diagnosis has been " m Tc-pertechnetate scintigraphy 
and enteroclysis. MRI, like scintigraphy, exploits the 
presence of gastric mucosa in making the diagnosis. 
Because gastric mucosa enhances more than any other 
segment of bowel, a gastric-lined Meckel diverticulum 
will demonstrate marked enhancement on immediate 
(capillary phase) and interstitial-phase postgadolinium 
images (fig. 6.40) [58, 59]. 

Atresia and Stenosis 

Intestinal atresia results in complete absence of a portion 
of bowel or closure by an occluding mucosal dia- 
phragm, whereas congenital stenosis implies a narrow- 
ing of an intestinal segment by fibrosis or stricture. Both 
may cause intestinal obstruction. Duodenal atresia 
represents the most common gastrointestinal atresia; 
jejunal and ileal atresia are rare and occur with equal 
frequency. 

Approximately 25% of cases will have associated 
congenital anomalies including malrotation of the gut 
and Meckel diverticulum. Although the precise etiology 
of congenital atresia and stenosis is not known, lesions 
appear to arise from developmental failure, intrauterine 
vascular accidents, or intussusceptions occurring after 
the intestine has developed. Barium studies are the most 
common means of diagnosis, although T2-weighted 
single-shot echo-train spin-echo images can highlight 
the atretic/stenotic segment and proximal dilatation 
(fig. 6.41). 





Fig. 6.58 Malrotation. Coronal T2-weighted SS-ETSE (a) and transverse 90-s postgadolinium fat-suppressed SGE (b) images. 
Coronal T2 image (a) demonstrates that small bowel is predominantly located in the right side of the abdomen (arrows). The 90-s 
postgadolinium fat-suppressed SGE image (b) demonstrates that the third and fourth portions of the duodenum are located to the 
right of midline (arrows, b). Note that the large bowel is in a normal location (arrowheads). (Reprinted with permission from Marcos 
HB, Semelka RC, Noone TC, WoosleyJT, Lee JKT: MRI of normal and abnormal duodenum using half-Fourier single-shot RARE and 
gadolinium-enhanced spoiled gradient-echo sequences. Magn Reson Imaging 17: 869-880, 1999) Coronal T2-weighted single-shot 
echo-train spin-echo (c), coronal fast spin-echo thick-section MRCP id), and transverse Tl -weighted postgadolinium arterial-phase 
SGE (e, /) images demonstrate malrotation of the small bowel in another patient. The duodenum does not form its normal C loop, 
and the 4th part of duodenum and jejunal loops are located at the right side of the abdomen (arrows, c, d). These findings are 
consistent with malrotation. Note that the colon is located in its normal position (arrows, /). 
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Fig. 6.39 Duodenal diverticulum. Transverse immediate (a) and coronal 90-s (b) postgadolinium fat-suppressed SGE images. 
An air- and fluid-containing diverticulum (arrowheads, a, b) is interposed between the duodenum (long arrows, a, b) and the head 
of the pancreas (open arrows, a, b). On the coronal image, a neck (short arrow, b) connecting the diverticulum to the duodenum 
is well shown, which confirms that the lesion represents a diverticulum and not a cystic mass in the head of the pancreas. Duodenal 
diverticula are common and usually incidental findings. The normal gastric wall (curved arrow, b) enhances more intensely than 
normal small bowel. An abdominal aortic aneurysm (a, b) is also present. Coronal T2-weighted SS-ETSE images (c, d) in two other 
patients demonstrate fluid-containing duodenal diverticula (arrow, c, d). Coronal T2-weighted single shot-echo-train spin-echo (e), 
coronal Tl-weighted SGE (/"), transverse Tl-weighted SGE (g), and transverse Tl-weighted postgadolinium hepatic venous phase 
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Fig. 6.39 (Continued) fat-suppressed SGE (h) images demonstrate a duodenal diverticulum (arrow, e) in another patient. The 
duodenal diverticulum is located at the medial side of the second portion of the duodenum. It contains air and therefore shows 
low signal on both on T2-weighted and Tl -weighted images. The duodenal wall shows regular enhancement on postgadolinium 
image (h). Note that an air-fluid level is seen in the diverticulum on postgadolinium image (h). Coronal (0 and transverse (/) T2- 
weighted single-shot echo-train spin-echo images demonstrate a duodenal diverticulum in another patient. The diverticulum is 
located in the 3rd to 4th portion of the duodenum. Note that an air-fluid level (arrow, 7) is seen on transverse image (/'). Coronal 
T2-weighted thin-section single-shot echo-train spin-echo MRCP (k, /) and reconstructed 3D MIP MRCP (m) images demonstrate a 
small duodenal diverticulum (arrows, k-rri) located at the medial aspect of the 2nd portion of the duodenum adjacent to the major 
papilla in another patient. The diverticulum does not have any connection with the common bile duct and shows high signal 
because of its fluid content. 
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Fig. 6.39 (Continued) 




Fig. 6.40 Meckel diverticulum. Gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo image in a patient with lower 
gastrointestinal bleeding. A teardrop-shaped Meckel diverticulum 
(arrow) extends from a loop of mildly dilated ileum. The inner 
wall of the diverticulum enhances to a greater extent than adja- 
cent small bowel and colon. This allows detection of the diverticu- 
lum, and the degree of enhancement is consistent with the 
presence of gastric mucosa. 






Fig. 6.41 Congenital stenosis, duodenum. Coronal (a) and transverse (b) T2-weighted SS-ETSE images. The coronal image 
demonstrates dilatation of the third part of the duodenum (arrow, a). The duodenum is noted to narrow (arrow, b) at the crossing 
of the superior mesenteric artery on the transverse image (b). 
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Choledochocele 

Choledochocele is a congenital anomaly characterized 
by cystic dilatation of the distal common bile duct in 
the region of the papilla. Clinically, it may be associated 
with abdominal pain, bleeding, jaundice, and pancre- 
atitis. The diverticulum can contain calculi. On imaging 
examinations, these may appear as polypoid masses 
indistinguishable from papillary edema or carcinoma. 
When large enough, they can protrude into the duode- 
num and even occlude it. MR cholangiopancreatogra- 
phy (MRCP) (see Chapter 3, Gallbladder and Biliary 
System) and single-shot echo-train spin-echo images 
facilitate establishing the correct diagnosis (fig. 6.42). 

Mass Lesions 

Benign and malignant small intestinal tumors are 
uncommon. Adenomas, leiomyomas, and lipomas con- 
stitute the three most common primary benign small 
intestinal tumors [60]. In general, benign tumors occur 
less commonly in the duodenum and increase in fre- 
quency toward the ileum. 

Benign Masses 

Polyps. The term "polyp" is a clinical term for any 
tumorous mass that projects above the surrounding 
normal mucosa. Hamartomatous, hyperplastic, and 
inflammatory polyps are benign, nonneoplastic lesions; 
adenomatous polyps (fig. 6.43) are true neoplastic 
tumors containing dysplastic epithelium and are precur- 
sors of carcinoma. 

Polyps are infrequently symptomatic and are usually 
incidental findings at autopsy. Clinically evident polyps 
present with pain, obstruction, or bleeding. Polyps are 
the most common lead points for intussusceptions in 
adults. Except in hereditary polyposis syndrome, adeno- 
matous polyps of the small intestine are rare, with 
<0.05% of all intestinal adenomas arising in the small 
intestine [61]. Overall, the frequency of cancer in adeno- 
mas ranges from 45% to 63% [62]. Multiple adenomas 
predominate in the setting of Gardner and familial pol- 
yposis syndromes. Small bowel hamartomas occur com- 
monly in Peutz-Jeghers syndrome and rarely in juvenile 
polyposis syndromes. 

Similar to polyps elsewhere in the gastrointestinal 
tract, small bowel polyps appear as enhancing masses 
on gadolinium-enhanced fat-suppressed SGE or 3D-GE 
images (fig. 6.44). On single-shot echo-train spin-echo 
images, polyps appear as rounded low-signal-intensity 
masses. Polyps are termed pedunculated when they are 
anchored by a slender stalk and sessile when they are 
attached by a broad base. Although it may not be pos- 
sible to exclude a focus of carcinoma within the polyp, 
extraserosal extension of a polyp is compatible with 
malignant degeneration. 



Neurofibromas. Primary neurogenic tumors of 
the gastrointestinal tract are rare. Pathologically, neuro- 
fibromas consist of neoplastic cells arising from the 
nerve sheath. 

Gastrointestinal involvement in neurofibromatosis 
type 1, or Von Recklinghausen disease, is well recog- 
nized, and solitary or multiple gastrointestinal tumors 
have been reported in 11-25% of patients with this 
disease [63, 64]. 

Neurofibromatosis type 1 predisposes individuals to 
an increased risk of a variety of gastrointestinal lesions, 
including neurofibromas, schwanomas, smooth muscle 
tumors, and neuroendocrine tumors of the duodenum 
and ampullary region [63]. 

The detection of these tumors by MRI depends 
essentially on their size [65]. They appear as intraluminal 
masses that enhance to the same extent as bowel wall 
(fig. 6.45). 

Leiomyomas. Leiomyomas are common tumors of 
the small bowel, but the majority are subcentimetric and 
not visible on imaging studies. The frequency of small 
bowel leiomyoma is comparable to that of adenoma. 
Leiomyomas are smooth muscle proliferations that 
usually originate in the submucosa or muscularis 
externa. Depending on their location, they may pro- 
trude into the lumen or produce a mass effect on adja- 
cent bowel. In general, leiomyomas are usually solitary 
lesions. As leiomyomas enlarge, they may undergo 
central necrosis and bleeding. Features of small bowel 
leiomyoma include the following: They are mural-based 
and do not encroach substantially on the lumen, they 
are well-defined and oval, enhancement is relatively 
uniform, and they exhibit delayed relatively increased 
enhancement at 2-5 min after contrast (fig. 6.46). 

Lipomas. Lipomas are mature adipose tissue prolif- 
erations that arise in the submucosa and occur predomi- 
nantly in the duodenum and ileum. Similar to leiomyomas, 
they may ulcerate and bleed. Lipomas are high in signal 
intensity on Tl -weighted images and have signal inten- 
sity comparable to intra-abdominal fat on T2-weighted 
images. On Tl -weighted fat-suppressed images these 
lesions show a characteristic loss of signal intensity. 

Varices. Duodenal varices may be seen in isola- 
tion or in conjunction with portal vein obstruction. SGE 
or fat-suppressed SGE gadolinium-enhanced images 
obtained during the venous phase or further delayed 
phase demonstrate varices as thin tubular structures 
within the bowel wall (fig. 6.47). 3D-GE Tl -weighted 
gadolinium-enhanced fat suppressed technique pro- 
vides optimal visualization; however, varices can also 
be visualized with a steady-state precession true-FISP 
sequence. 
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Fig. 6.42 Choledochocele. Coronal (a) and transverse (b) T2-weighted SS-ETSE images in a patient with recurrent bouts of 
pancreatitis. A high-signal-intensity choledochocele (black arrow, a, b) protrudes into the duodenum. The HASTE image clearly 
defines the cystic nature of the lesion, which excludes an ampullary tumor, and demonstrates the relationship to the common bile 
duct (small arrow, a) and the pancreatic duct (long arrow, a). Coronal T2-weighted single-shot echo-train spin-echo (c), coronal 
id) and transverse (e) thin-section T2-weighted single-shot echo-train spin-echo MRCP, and reconstructed 3D MIP MRCP (/") images 
demonstrate the protrusion of choledochocele (arrows, c-/) into the duodenum in another patient. 
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Fig. 6.43 Duodenal adenoma. Axial T2 (a),Tl gradient-echo (&), and early (c) and late (d) gadolinium-enhanced Tl images 
show a discrete mass and thickening of the medial wall of the second part of the duodenum. The pancreas can be clearly seen sepa- 
rate from this mass (arrowhead, d). 



Malignant Masses 

Adenocarcinomas. Small bowel tumors account 
for only 1% of all gastrointestinal malignancies, and 
one-half are adenocarcinomas [27]. The most common 
site for small bowel adenocarcinoma is the duodenum. 
This tumor frequently occurs in close proximity to the 
ampulla and as a result may cause obstructive jaundice 
[66]. Other symptoms, regardless of location, include 
intestinal obstruction, chronic blood loss, or both. 
Patients usually are asymptomatic early in the course of 
their disease; as a result, presentation is often late with 
advanced disease [27]. The combined use of T2-weighted 
single-shot echo-train spin-echo and gadolinium- 
enhanced fat-suppressed SGE or 3D-GE imaging has 
resulted in reproducibly high image quality for the 
evaluation of small bowel neoplasms [67]. Duodenal 
neoplasms are particularly well shown because of the 



relatively fixed position of the duodenum in the anterior 
pararenal space. The most consistent MR imaging feature 
that permits their detection is that tumors enhance het- 
erogeneously on interstitial-phase gadolinium-enhanced 
images (fig. 6.48). T2-weighted single-shot echo-train 
spin-echo images provide information about the tumor 
itself and can be performed as an MRCP study to evalu- 
ate the biliary tree. Immediate postgadolinium SGE 
or 3D-GE images may be used to survey the liver for 
metastatic disease, whereas 2-min postgadolinium fat- 
suppressed SGE or 3D-GE images may be obtained to 
determine the presence of lymphadenopathy and intra- 
peritoneal spread. 

Gastrointestinal Stromal Tumor (GIST). 

Although the stomach is the principal site for appro- 
ximately two-thirds of all gut stromal tumors (see 
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Fig. 6.44 Small bowel polyps. T2-weighted SS-ETSE (a) and gadolinium-enhanced fat-suppressed SGE (b) images of a hamar- 
toma in Peutz-Jeghers syndrome. A bowel-within-bowel appearance (arrow, a) is identified on the T2-weighted image (a) in the 
proximal jejunum because of intussusception. The intussusception is caused by a hamartomatous polyp that has acted as a lead 
point. The hamartoma is shown as a 1-cm uniformly enhancing mass (arrow) on the gadolinium-enhanced fat-suppressed SGE image 
(£>). T2-weighted image (c) in a second patient demonstrates a 1-cm polyp (arrow) within a slightly dilated loop of duodenum. T2- 
weighted SS-ETSE (d), SGE (e), and 90-s postgadolinium fat-suppressed SGE (/") images in a third patient. T2 image shows a low-signal- 
intensity mass (arrow, d) measuring 1.5 cm located in the descending portion of the duodenum. Note that the high signal intensity 
of intraluminal fluid within the duodenum clearly delineates the polyp, which appears moderately low in signal intensity. Comparing 
precontrast (e) and postgadolinium (/") images, enhancement of the polyp is demonstrated, showing it to remain comparable in 
signal to the duodenal wall, reflecting the tissue nature of the polyp. (Reprinted with permission from Marcos HB, Semelka RC, 
Noone TC, Woosley JT, Lee JKT: MRI of normal and abnormal duodenum using half-Fourier single-shot RARE and gadolinium- 
enhanced spoiled gradient-echo sequences. Magn Reson Imaging 17: 869-880, 1999.) 
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Fig. 6.45 Neurofibroma of duodenum. Transverse 90s 
postgadolinium fat-suppressed SGE image in a patient with 
type 1 neurofibromatosis. A 1-cm intraluminal mass (arrow) 
arises in the second part of the duodenum. This mass enhances 
to the same extent as the duodenal wall, reflecting the tissue 
composition of the neurofibroma. The patient expired, and at 
autopsy multiple cutaneous and gastrointestinal neurofibromas 
were found. (Reprinted with permission from Semelka RC, 
Marcos HB: Polyposis syndromes of the gastrointestinal tract. 
J Magn Reson Imaging 11: 51-55, 2000.) 



description above), the small intestine accounts for 
about 25% of these tumors. As in the stomach, these 
may be large and ulcerating. Gadolinium-enhanced 
SGE/3D-GE or fat-suppressed SGE/3D-GE images dem- 
onstrate heterogeneous and substantial enhancement of 
the primary tumor (fig. 6.49). Local or intraperitoneal 
recurrence may occur after surgical resection (fig. 6.50) 
and is relatively common, and fat-suppressed gadolin- 
ium-enhanced SGE or 3D-GE images are optimal in 
order to develop maximized contrast between the 
enhancing tumor and the surrounding retroperitoneal 
or mesenteric fat. MRI using immediate postgadolinium 
SGE or 3D-GE is particularly effective at detecting liver 
metastases because these tend to be hypervascular and 
often are small. 

Lymphoma. Throughout the small intestine and 
colon are nodules of lymphoid tissue within the mucosa 
and submucosa. Primary gastrointestinal non-Hodgkin 
lymphomas are most commonly of the B cell type and 
appear to arise from B cells of mucosa-associated 
lymphoid tissue (MALT) (fig. 6.51). In the small 
intestine, the terminal ileum is the most common site 
affected (fig. 6.52), which may reflect the relatively 
greater amount of lymphoid tissue present in this 
segment compared to the duodenum and jejunum [68]. 
Gastrointestinal lymphomas comprise 1-2% of all gas- 
trointestinal malignancies and can assume different 
gross appearances: 1) diffusely infiltrating lesions that 
often produce full-thickness mural thickening with 



effacement of overlying mucosal folds, 2) polypoid 
lesions that protrude into the lumen, and 3) large, exo- 
phytic, fungating masses that are prone to ulceration 
and fistula formation. The small intestine is involved in 
up to 50% of patients with widespread primary nodal 
non-Hodgkin lymphoma. The MRI features of small 
intestine lymphoma include moderately enhancing 
thickened loops of bowel and large tumor masses that 
invade the bowel but usually do not result in obstruc- 
tion (fig. 6.53). In the setting of diffusely infiltrating 
lesions, the bowel may appear dilated, possibly because 
of interference with the normal innervation and regula- 
tion of smooth muscle bowel wall contraction. The 
presence of bowel wall mass and dilation without proxi- 
mal bowel obstruction is suggestive of lymphoma. The 
presence of splenic lesions or diffuse splenomegaly and 
mesenteric and retroperitoneal lymphadenopathy sup- 
ports the diagnosis. 

Carcinoid. Carcinoids are the most common 
primary neoplasm of the small bowel. Tumors are well- 
differentiated neuroendocrine neoplasms that occur pri- 
marily in the distal ileum, in which location they are 
almost always malignant. Men and women are affected 
with equal frequency. Most patients present with tumor- 
related symptoms of bleeding and bowel obstruction or 
intussusception. Particular to ileal carcinoids are regional 
mesenteric metastases and vascular sclerosis. The 
primary tumor may be quite small, with the accompany- 
ing lymphadenopathy and desmoplastic reaction in the 
root of the mesentery presenting as the only visible 
manifestation of disease. However, when large enough, 
the primary tumor causes asymmetric bowel wall thick- 
ening and enhances heterogeneously, usually moderate 
in intensity after intravenous gadolinium (figs. 6.54 and 
6.55). The characteristic desmoplastic changes in the 
mesentery and retroperitoneum that occur in response 
to the secretion of serotonin and tryptophan are low in 
signal on both Tl- and T2-weighted images and show 
negligible enhancement after contrast. Liver metastases 
are responsible for the "carcinoid syndrome," which is 
characterized by vasomotor instability, intestinal hyper- 
motility, and bronchoconstriction [691. Liver metastases 
are often hypervascular and high in signal intensity on 
T2-weighted images, possessing intense ring or uniform 
enhancement on immediate postgadolinium SGE or 
3D-GE images. In the recent series by Bader et al. [70], 
98% of liver metastases were hypervascular. Occasionally, 
carcinoid liver metastases are hypovascular and appear 
nearly isointense with liver on T2-weighted images and 
demonstrate faint ring enhancement on immediate post- 
gadolinium SGE or 3D-GE images. 

Metastases. Tumors arising in the mesentery, pan- 
creas, stomach, or colon may involve the small intestine 
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Fig. 6.46 Duodenal leiomyoma. Gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo image (a) shows a uniformly 
enhancing mass (arrow) protruding into the duodenum. When 
intraluminal, leiomyomas are indistinguishable from polyps. 
(Reprinted with permission from Shoenut JP, Semelka RC, 
Silverman R,Yaffe CS, Mickflikier AB: The gastrointestinal tract. In 
Semelka RC, Shoenut JP (eds.), MRI of the Abdomen with CT 
Correlation. New York: Raven Press, 1993, p. 1 19-143.) T2 single- 
shot echo-train spin-echo (b), Tl -weighted fat-suppressed 3D-GE 
(c), and Tl -weighted postgadolinium hepatic arterial dominant- 
phase id) and interstitial-phase (e) fat-suppressed 3D-GE images 
at 3.0 T demonstrate a duodenal leiomyoma in another patient. A 
2-cm well-defined mass (arrows, b-d) is evident in the posterior 
wall of the third part of the duodenum. The mass is homogeneous 
and mildly high signal on T2 (b) and mildly low signal on Tl (c) 
and exhibits mild homogeneous early enhancement (c), with pro- 
gressive enhancement on the interstitial phase (d). The uniform 
moderately intense enhancement of the leiomyoma on the inter- 
stitial phase is a typical feature for this entity. Note that the tumor 
does not prominently extend into the lumen. 
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Fig. 6.47 Periduodenal and duodenal varices. Transverse 
90-s postgadolinium fat-suppressed SGE image in a patient with 
splenic vein thrombosis. Periduodenal and duodenal varices are 
clearly shown as thin enhancing tubular structures adjacent to and 
within the wall of the duodenum. Venous blood is rerouted to 
periduodenal and duodenal varices as one of the collateral path- 
ways in the setting of splenic vein thrombosis. 






Fig. 6.48 Small bowel adenocarcinoma. Gadolinium-enhanced Tl-weighted fat-suppressed spin-echo (a), SGE (£>), and post- 
gadolinium Tl-weighted fat-suppressed spin-echo (c) images in two patients with small bowel adenocarcinoma. In the first patient 
(a), the size and extent of a large duodenal tumor (arrows) is well shown on the gadolinium-enhanced fat-suppressed image. In the 
second patient (b, c), the neoplasm is difficult to identify on the precontrast SGE image (b) because it is isointense with background 
bowel. On the gadolinium-enhanced fat-suppressed SGE image (c), the distal jejunal tumors are conspicuous (c) because they are 
higher in signal intensity and heterogeneous compared to background bowel. Transverse 90-s postgadolinium fat-suppressed SGE 
image id) in another patient with adenocarcinoma of the jejunum. Irregular thickening and enhancement of a segment of proximal 
jejunum is apparent (arrows, d). Coronal (e) and transverse (/") T2-weighted single-shot echo-train spin-echo and transverse 
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Fig. 6.48 (Continued) Tl -weighted postgadolinium interstitial-phase fat-suppressed 3D-GE (g, h) images demonstrate a duode- 
nal adenocarcinoma (arrows, e-h) in another patient. The wall of the third portion of the duodenum is diffusely thickened because 
of adenocarcinoma. The tumor shows intense enhancement and causes obstruction. The stomach and proximal portions of the 
duodenum is dilated because of the obstruction. 



through contiguous extension (fig. 6.56). Metastases to 
small intestine from melanoma and carcinomas of the 
lung, testes, adrenal, ovary, stomach, large intestine, 
uterus, cervix, liver, and kidney have been reported. Of 
these malignancies, ovarian tumors are the most 
common cause of disseminated serosal implants in 
females and colon adenocarcinoma in males (fig. 6.57). 
On gadolinium-enhanced fat-suppressed SGE or 
3D-GE images, metastases are moderately high in signal 
intensity in contrast to the low signal intensity of intra- 
abdominal fat. Malignant peritoneal tissue enhances 
moderately to substantially on interstitial-phase gadolin- 
ium-enhanced images and appears as nodular or irregu- 
larly thickened peritoneal or serosal tissue (fig. 6.58). 
Gadolinium-enhanced fat-suppressed imaging has been 
shown to be more sensitive than CT imaging in detect- 
ing small tumor nodules [71, 72]. Metastatic spread of 
carcinomas from distal sites such as breast and lung 



occur, and lesions often lodge on the antimesenteric 
border of the small bowel. These lesions may be visual- 
ized as intramural masses (fig. 6.59). Metastatic tumor 
may create large submucosal masses and serve as lead 
points for intussusception, or mechanical obstruction. 
The use of water-based oral contrast and a MR small 
bowel follow-through technique may be valuable in 
exacerbating and demonstrating metastatic disease and 
obstruction of different degrees (see fig. 6.57). 

Inflammatory, Infectious, and 
Diffuse Disorders 

Inflammatory Bowel Disease 

Crohn disease and ulcerative colitis are the most 
common forms of inflammatory bowel disease (IBD). 
MRI findings correlate well with clinical evaluation, 
endoscopy, and histologic findings. It is a robust tech- 
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Fig. 6.49 Gastrointestinal stromal tumor (GIST). SGE (a) and gadolinium-enhanced Tl-weighted fat-suppressed spin-echo 
Qf) images. A large exophytic mass (arrows, a) arises from the ileum. Lack of proximal bowel obstruction is consistent with its 
eccentric origin. The tumor's large size coupled with intense enhancement (arrows, b) and regions of necrosis (open arrows, b) 
are typical features of GIST. Coronal (c) and transverse id) T2-weighted SS-ETSE and sagittal interstitial-phase gadolinium-enhanced 
fat-suppressed SGE (e) images in a second patient with small bowel GIST also show large heterogeneous lobulated masses (arrows, 
c-e) in the pelvis. Coronal T2-weighted single-shot echo-train spin-echo (/"), transverse T2-weighted fat-suppressed single-shot 
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Fig. 6.49 (Continued) echo-train spin-echo (g), transverse 
Tl -weighted SGE (h), and transverse Tl -weighted postgadolinium 
fat-suppressed SGE (3) images demonstrate a GIST (arrow, /) 
arising from the second portion of the duodenum in another 
patient. The tumor shows mildly high signal on T2-weighted 
images (f, g), low signal on Tl -weighted SGE (h), and intense 
enhancement on postgadolinium image (/). The tumor does not 
cause luminal obstruction and shows homogeneous internal struc- 
ture due to its small size. 




nique capable of diagnosing type, evaluating severity, 
and monitoring response to treatment in patients with 
IBD [1-4]. Conventional fluoroscopic and CT methods 
of examination of the small bowel may be able to detect 
disease but have been found to be nonspecific in regard 
to determining activity of disease. Capsule endoscopy 
utilizes a miniaturized camera that is ingested and that 
records the images taken as it passes through the small 
bowel. This represents another technique sensitive for 
early mucosal changes. The combination of capsule 
endoscopy and MR small bowel examination may 
provide a comprehensive and noninvasive safe approach 
for detection and characterization of the spectrum of 
changes associated with IBD, from early to progressed 
disease. 

Crohn Disease. In North America, Crohn disease 
is the most common inflammatory condition to affect 
the small bowel. The incidence is greatest in the second 
and third decades of life, and Crohn disease is most 
prevalent in urban-dwelling women. There is evidence 



for familial associations in Crohn disease, and there is 
a higher incidence in Ashkenazi Jews. Although the 
precise etiology of this disease is not fully understood, 
there is clearly a combination of genetic, immunologic, 
and infectious factors [731. Crohn disease usually pres- 
ents in young adults but can occur in any age group 
including children and the elderly. Symptoms include 
watery diarrhea, crampy abdominal pain, weight loss, 
and fever. Patients with longstanding Crohn disease 
have a well-documented increased incidence of cancer 
(approximately 3% of patients) of the gastrointestinal 
tract, usually involving the colon or ileum. 

Although any part of the gastrointestinal tract, from 
the mouth to the anus, may become involved with 
Crohn disease, it most commonly involves the terminal 
ileum, frequently in association with disease in the right 
colon. Involvement of the terminal ileum occurs in 
approximately 70% of patients, with combined terminal 
ileal and cecal disease present in 40% of the total and 
isolated terminal ileal involvement in the remaining 
30%. Five percent of patients will manifest Crohn disease 
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Fig. 6.50 Recurrent gastrointestinal stromal tumor 
(GIST). Sagittal SGE (a) and gadolinium-enhanced Tl-weighted 
fat-suppressed spin-echo (b, c) images in a patient with previous 
surgical resection for GIST. Recurrent GIST exhibits features 
similar to those of the primary tumor: large size, exophytic growth, 
hypervascularity, and central necrosis. The eccentric location of 
the tumor (arrowheads, a-c) is seen on all imaging planes. Marked 
enhancement after intravenous contrast reflects hypervascularity. 
Necrosis often accompanies these large tumors (short arrows, b, 
c). Note the susceptibility artifact (long arrow, b) associated with 
surgical clips from prior resection. 




in the duodenum or jejunum. Twenty to thirty percent 
will have isolated colon involvement [74]. Crohn disease 
is characterized pathologically by sharply defined areas 
showing transmural involvement by chronic inflamma- 
tion, fibrosis, and noncaseating granulomas. Sometimes 
several well-demarcated lesions are separated by normal 
bowel, producing what are termed "skip lesions." This 
particular pattern is not found in ulcerative colitis, which 
produces instead a confluent or continuous region of 
inflammation that begins in the rectum and progresses 
contiguously to involve more proximal large bowel to 
different degrees. Other features typical of Crohn disease 
include prominent lymph follicles, lymphangiectasia, 
and submucosal edema. Grossly, at the beginning stages 
of Crohn disease, the mucosa may show only small, 
hyperemic ("aphtoid") ulcerations. In time, the ulcers 
extend transmurally, often beyond the intestinal serosa 
to become sinus tracts or fistulae. With the evolution of 
the disease, the bowel wall becomes thickened and 
inflexible, secondary to fibrosis. In addition, strictures, 
abscesses, and lymphoid hyperplasia may complicate 
the disease. The mesenteric changes include inflamma- 
tory stranding, a reflection of dilated vasa rectae and 



sinus tracts, reactive lymphadenopathy, and mesenteric 
fat that becomes stranded and retracted because of 
development of fibrotic bands, resulting in the descrip- 
tive term "creeping" fat. Current therapeutic strategy is 
based on medical therapy, using a combination of 
steroid and antibiotics for suppressing acute exacerba- 
tions and long-term therapy utilizing immunosuppres- 
sants such as 6-mercaptopurine. Surgery is reserved for 
complicated cases, but anastomotic recurrence is 
common. Surgery is felt to represent a therapeutic inter- 
vention of last resort. Typically, disease will first appear 
in the second or third decade and subside by the 
midadult years, allowing eventual weaning from immu- 
nosuppressant therapy. 

Changes of Crohn disease are well shown on MRI. 
Severe disease is characterized by wall thickness greater 
than 1cm, length of involvement greater than 15 cm, 
and mural enhancement greater than 100% (fig. 6.60). 
Mild disease results in subtle findings that may only be 
appreciated on gadolinium-enhanced fat-suppressed 
images (fig. 6.61). Multiplanar imaging provides com- 
prehensive information on disease extent and complica- 
tions. T2-weighted single-shot echo-train spin-echo and 




Fig. 6.51 Duodenal MALToma. Coronal T2-weighted SS-ETSE (a) and immediate postgadolinium fat-suppressed SGE (b) 
images. T2-weighted image demonstrates irregular thickening of the superior aspect of the duodenal wall caused by a paraduodenal 
mass (arrows, a). Postgadolinium image (b) shows a mass that is interposed between the third portion of the duodenum and the 
head of the pancreas. This mass shows mild heterogeneous enhancement compared to duodenal wall and pancreas, which permits 
a good distinction between mass and pancreas. Low-grade lymphoma (MALToma type) was proven by endoscopic biopsy. 
(Reprinted with permission from Marcos HB, Semelka RC, Noone TC, WoosleyJT, Lee JKT: MRI of normal and abnormal duodenum 
using half-Fourier single-shot RARE and gadolinium-enhanced spoiled gradient-echo sequences. Magn Reson Imaging 17: 869-880, 
1999) Coronal T2-weighted single-shot echo-train spin-echo (c), Tl-weighted fat-suppressed SGE (d), and Tl-weighted postgado- 
linium hepatic arterial dominant-phase (e) and fat-suppressed interstitial-phase (/") 3D-GE images demonstrate a large mass originating 
from the duodenum in another patient. The tumor shows mildly high signal on T2-weighted image (c), low signal on Tl-weighted 
image (d), and progressive enhancement on postgadolinium images (e, /). Central necrotic region is detected in the tumor. No 
biliary or proximal gastrointestinal dilatation is detected. The tumor is located adjacent to the pancreatic head and displaces the 
IVC posterolaterally and the portal vein anteriorly. The diagnosis is MALToma histopathologically. 




Fig. 6.52 Small bowel lymphoma. A 58-year-old female patient with non-Hodgkin lymphoma of the abdomen. Coronal single- 
shot echo-train T2 (a and b) and coronal true-FISP (c) images show large mesenteric lymph nodes (open arrows). Lymphoma 
infiltration of the bowel wall is seen as diffuse wall thickening (arrows, a-c). Coronal T2-weighted single-shot echo-train spin-echo 
(d), coronal Tl-weighted SGE (e), transverse Tl-weighted postgadolinium arterial-phase SGE (/"), and transverse Tl-weighted post- 
gadolinium interstitial-phase fat-suppressed 3D-GE (g) images demonstrate duodenal lymphoma (arrow, d) in another patient. The 
exophytic tumor is located in the third portion of the duodenum. The tumor shows high signal on T2-weighted image and low 
signal on Tl-weighted image. The enhancement is progressive and predominantly peripheral. Note that there is no proximal luminal 
obstruction. The liver shows low signal on precontrast images because of iron deposition. 
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Fig. 6.53 Small intestine lymphoma. Sagittal SGE (a), Tl- 
weighted fat-suppressed spin-echo (£>), sagittal 45-s postgadolin- 
ium SGE (c), and gadolinium-enhanced Tl-weighted fat-suppressed 
spin-echo (d) images in a patient with diffuse lymphomatous 
infiltration of the distal jejunum and ileum. A large pelvic mass 
(arrows, a, b) is seen on precontrast images. After intravenous 
gadolinium, minimal enhancement of the mass is present on early 
postgadolinium images (c), and heterogeneous slightly greater 
enhancement is present on the interstitial-phase image id). 
Minimal enhancement on early postgadolinium images with slight 
increase and minimal heterogeneous enhancement on more 
delayed images is common for lymphoma in general. The relation- 
ship of the mass to adjacent structures can be assessed by imaging 
in multiple planes. The rectum (arrows, c, d) is displaced and 
compressed by the tumor. Despite extensive disease, there is 
no proximal small bowel obstruction, a characteristic finding 
with small intestine lymphoma. High signal intensity within the 
pelvic mass is consistent with hemorrhage. Bladder = b (a, c, d). 






Fig. 6.53 (Continued) Transverse gadolinium-enhanced SGE 
(e) and interstitial-phase gadolinium-enhanced fat-suppressed SGE 
(/") images in a second patient with non-Hodgkin lymphoma. 
Bulky mesenteric lymphadenopathy (small arrows, e,f) is observed 
as well as thickening of small bowel loops (long arrows, /). 





Fig. 6.54 Ileal carcinoid. SGE (a) and gadolinium-enhanced 
Tl -weighted fat-suppressed spin-echo (£>) images. The carcinoid 
tumor (arrows, a) causes asymmetric bowel wall thickening, is 
isointense with bowel on the Tl -weighted image (a), and enhances 
heterogeneously and moderately intensely on gadolinium- 
enhanced interstitial-phase images Qf). Transverse SGE (c) and 
interstitial-phase gadolinium-enhanced fat-suppressed SGE (d) 
images in a second patient with ileal carcinoid demonstrate a 
nodular mass originating from the bowel loop that is isointense 
on the transverse precontrast Tl -weighted image and enhances 
moderately and heterogeneously on the delayed image (arrow, d). 
Transverse T2-weighted SS-ETSE (e) in a third patient shows irreg- 
ular circumferential thickening small bowel consistent with carci- 
noid tumor. 




Fig. 6.55 Carcinoid involving the terminal ileum. A 56-year-old man has a large carcinoid tumor demonstrated on coronal 
true-FISP images (arrows, a, b). Central tumor necrosis is best shown on the coronal interstitial-phase gadolinium-enhanced Tl- 
weighted fat-suppressed 3D-GE sequence (arrows, c, d). Jejunal neuroendocrine tumor. Coronal T2-weighted single-shot echo- 
train spin-echo (e), transverse T2-weighted fat-suppressed single-shot echo-train spin-echo (/"), transverse Tl -weighted fat-suppressed 
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Fig. 6.55 (Continued) 3D-GE (g), and Tl-weighted postgadolinium interstitial phase fat-suppressed 3D-GE (h) images demon- 
strate a small neuroendocrine tumor (arrows, e-h) located in the mesentery adjacent to the jejunum. The tumor shows heteroge- 
neous signal on T2-weighted images (e, /) and enhances moderately on the interstitial phase (h). Multiple liver metastases and 
ascites are detected. Note that the wall of the jejunal segment adjacent to the tumor shows edema and moderate enhancement. 





Fig. 6.56 Colon cancer liver metastasis with invasion of the duodenum. Immediate postgadolinium SGE (a) and 90s 

postgadolinium fat-suppressed SGE (b) images in a patient with colon cancer metastasis to liver and duodenum. A peripheral hepatic 
metastasis (arrowhead, a, b) transgresses the liver capsule to directly invade the adjacent duodenum (arrows, a, b). 



gadolinium-enhanced Tl-weighted fat-suppressed SGE 
or 3D-GE images demonstrate characteristic findings: 
transmural involvement, skip lesions, and mesenteric 
inflammatory changes (figs. 6.62-6.64). 

Marcos and Semelka evaluated the capability 
of single-shot echo-train spin-echo and gadolinium- 
enhanced Tl SGE images for evaluating bowel changes 
and complications of Crohn disease [75]. The results of 
this study showed that single-shot echo-train spin-echo 
image is a very effective technique to demonstrate 
dilated obstructed bowel, whereas gadolinium-enhanced 
fat-suppressed SGE is useful in demonstrating inflamma- 
tory changes in bowel. Both techniques were effective 
in showing wall thickening and abscess formation. 



Good correlation has been reported between MRI 
findings and disease activity [2, 4, 5], where demonstra- 
tion of edema on T2 fat-suppressed images is associated 
with disease activity (fig. 6.65). These results are in 
contrast to barium or CT studies, which have limited 
correlation with symptomatology or response to therapy. 
It is challenging to discriminate between edema and 
fibrosis on CT imaging, and it may be largely for this 
reason that CT findings have not correlated well with 
disease activity. 

Moreover, the potential harm of radiation exposure 
from serial barium examinations in pregnant women 
and patients of reproductive age is not inconsequential 
[74]. MRI may be the modality of choice for evaluation 
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Fig. 6.57 Serosal metastases with small bowel obstruction. Multiple serosal metastases from large bowel adenocarcinoma 
resulted in mesenteric metastases and multiple partial small bowel obstructions. Metastases can be identified on gadolinium- 
enhanced Tl coronal 3D gradient-echo images as abnormal enhancement adjacent to distal (arrow, a) and proximal (arrow, b) small 
bowel associated with focal narrowing and proximal dilation of the involved bowel segment. The patient was given oral water-based 
contrast mixed with mannitol and locust bean gum to achieve better small bowel distension and to increase the conspicuity of 
partially obstructing lesions. 





Fig. 6.58 Ovarian carcinoma metastases to the peritoneal and serosal surfaces. Transverse 512-resolution T2-weighted 
echo-train spin-echo (a) and 90-s postgadolinium fat-suppressed SGE (b) images highlight the improvement in disease detection 
afforded by breath-hold gadolinium-enhanced fat-suppressed SGE. On the high-resolution T2-weighted image, bowel motion degrades 
image quality; no metastatic disease can be identified. On the gadolinium-enhanced fat-suppressed SGE image, the acquisition during 
suspended respiration avoids breathing artifact and minimizes bowel motion. Enhancement of irregularly thickened tissue along 
the peritoneum and serosal surface of bowel (arrows, b) is consistent with widespread metastatic disease. 



THE SMALL INTESTINE 



793 




Fig. 6.59 Hematogenous metastases. Transverse 45-s post- 
gadolinium SGE image demonstrates an eccentric mural tumor in 
the midjejunum (arrow).This tumor was a hematogenous metasta- 
sis from uterine leiomyosarcoma. 




Fig. 6.60 Severe Crohn disease. Gadolinium-enhanced Tl -weighted 
fat-suppressed spin-echo images (a-c) in three patients with severe Crohn 
disease. A thickened loop of substantially enhancing ileum (arrows, a) 
with associated mesenteric inflammation (open arrows, a) are character- 
istic findings for Crohn disease. In the second patient (6), similar findings 
of a thickened, intensely enhancing loop of ileum (arrows) with associated 
mesenteric inflammation (open arrows) are identified. In the third patient 
(c), multiple thickened loops of intensely enhancing ileum are present 
(arrows). Coronal T2-weighted true-FISP (d, e) and coronal Tl -weighted 







Fig. 6.60 (Continued) postgadolinium fat-suppressed interstitial-phase 3D-GE (f, g) images demonstrate severe Crohn disease 
in another patient. The walls of terminal ileum (white arrows, d-g), cecum (open arrows, d, /), descending colon (black arrows, 
d,f), and sigmoid colon (black arrows, e, g) show thickening and edema (white arrows, d, e). Edema is seen as high signal in the 
wall. Associated mild mesenteric inflammation and fibrofatty proliferation are detected. The wall of terminal ileum shows trilaminar 
enhancement (white arrow, g) pattern due to the presence of submucosal edema, which is seen as low signal intensity. The walls 
of the cecum and colon show diffuse enhancement (open and black arrows,/, g). Coronal Tl -weighted postgadolinium interstitial 
phase fat-suppressed 3D-GE image (h) in another patient with severe Crohn disease demonstrates multiple enlarged and enhancing 
mesenteric lymph nodes (arrow, h). Note that the walls ileal and colonic segments show diffuse and mucosal increased enhance- 
ment, respectively. 






Fig. 6.61 Mild to moderate Crohn disease. Transverse gadolinium-enhanced Tl -weighted fat-suppressed image (a) demon- 
strates moderate inflammatory disease of the terminal ileum (arrow, a), that has a wall thickness of 5 mm,<10cm of diseased bowel, 
and moderate wall enhancement. SGE (b) and gadolinium-enhanced Tl-weighted fat-suppressed spin-echo (c) images in a second 
patient with mild Crohn disease. The unenhanced image (b) appears unremarkable. On the gadolinium-enhanced image, transmural 
enhancement is apparent with wall thickness of 5 mm, length of involved segment of <10cm, and moderate mural enhancement. 
This constellation of imaging findings is consistent with mild disease. Assessment of severity of disease must be determined on the 
nondependent bowel wall (arrow, c) after intravenous contrast administration. Lipid beads (small arrow, b) demarcate the area of 
patient tenderness. Transverse id) and sagittal (e) interstitial-phase gadolinium-enhanced fat-suppressed SGE images in a third patient 
show segmental wall thickening and abnormal enhancement of the distal ileum (arrows, d, e). Coronal (/") and transverse (g) Tl- 
weighted postgadolinium interstitial phase fat-suppressed 3D-GE images at 3.0 T demonstrate mild Crohn disease in another patient. 
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Fig. 6.61 (Continued) The wall of terminal ileum (white 
arrows, /, g) is thickened and shows diffuse increased enhance- 
ment. Adjacent mesenteric inflammation (black arrow, g) and 
inflamed lymph nodes (black arrow, g) are detected. Note that 
fatty proliferation is seen around the terminal ileum. 




of Crohn disease in patients with contraindication to 
barium examinations or CT imaging (fig. 6.66). 

The MRI criteria of mild, moderate, and severe 
disease have been described and are a function of wall 
thickness, length of diseased segment, and percentage 
of mural contrast enhancement (Table 6.2). The extent 
of mural enhancement may also be determined by 
comparison of bowel enhancement on gadolinium- 
enhanced fat-suppressed SGE or 3D-GE with that of the 
renal parenchyma [75]. Bowel should not enhance to 
the same degree as renal cortex on either early capil- 
lary-phase images or >l-min interstitial-phase images. 
Enhancement equivalent to or greater than renal cortex 
is abnormal and most often reflects the presence of 
inflammatory change. 

MRI assessment is made on gadolinium-enhanced 
Tl -weighted fat-suppressed images using the nonde- 
pendent bowel surface. It is critical that the time point 
for determining percentage of enhancement is standard- 
ized. This establishes reproducible measures of disease 
activity between studies in the same patient. We have 
used a time point of 2.5 min after injection. Immediate 
postgadolinium images reflect significant perivascular 
inflammation and increased capillary blood flow. 
Commonly, the inner half of the bowel wall enhances 
most intensely in this phase of enhancement in severely 
inflamed bowel. Later interstitial-phase images demon- 
strate more uniform enhancement in diseased bowel, 
reflecting capillary leakage and decreased venous 
removal in transmurally inflamed bowel. A pilot study 
found good correlation between clinical indices to 
measure Crohn activity [Crohn Disease Activity Index 
(CDAI) and the modified Index of the International 
Organization for the Study of Inflammatory Bowel 
Disease (IOIBD)] and an MRI determinant, the MRI 
product [wall thickness x length of diseased 
segment x percentage mural enhancement (MRP)] 
(fig. 6.67) [4]. 



This work suggests that MRI may be the best modal- 
ity for evaluating the severity of Crohn disease. It may 
provide complementary or confirmatory information to 
clinical assessment. MRI also may have a role in the 
evaluation of acute exacerbations of Crohn disease. 
Specifically, in patients with longstanding disease, 
marked enhancement of the mucosa with substantially 
thickened wall and minimal enhancement of the outer 
layer is suggestive of acute on chronic involvement and 
may have a role in the evaluation of acute exacerbations 
of Crohn disease (see fig. 6.67). In patients with nonac- 
tive chronic disease, there may remain persistent thick- 
ening and abnormal enhancement seen on delayed 
postgadolinium images. Acute disease results in edema 
that may be best visualized on fat-suppressed single- 
shot T2-weighted images. It has been suggested that 
more detailed evaluation of the bowel wall in patients 
with longstanding disease may reveal marked enhance- 
ment of the mucosa with a thickened and minimally 
enhancing outer layer, suggestive of acute on chronic 
involvement (fig. 6.68). 

Crohn disease may also result in large patulous 
segments of small bowel that may contain debris due 
to the presence of chronic distal small bowel obstruc- 
tion. Patients may be symptomatic from the effects of 
bacterial overgrowth. On MR images, greatly dilated 
segments of bowel are shown that contain substantial 
debris. Single-shot echo-train spin echo is very effective 
in delineating the extent of dilatation and gadolinium- 
enhanced fat-suppressed SGE or 3D-GE technique for 
showing the inflammation (fig. 6.69), and MR small 
bowel follow-through technique may also help in this 
evaluation. 

Ulcerative Colitis. Ulcerative colitis is a recurrent 
acute and chronic ulcero-inflammatory disorder of 
unknown etiology that affects the large bowel and is 
discussed in the section on the large intestine. Small 
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Fig. 6.62 Moderate Crohn disease. Coronal (a) and trans- 
verse (b) T2-weighted SS-ETSE and 2-min fat-suppressed SGE (c) 
images. The distal terminal ileum (arrow, a, b) shows increased 
wall thickness, whereas the ascending colon (open arrow, b) 
demonstrates normal wall thickness. On the 2-min fat-suppressed 
SGE image (c), moderate enhancement of the thickened distal 
terminal ileum (curved arrow) and ascending colon (open arrow) 
are present, reflecting moderate severity of the disease. Note that 
the ascending colon has a normal wall thickness associated with 
moderately increased enhancement due to Crohn involvement. 
(Reprinted with permission from Marcos HB, Semelka RC: 
Evaluation of Crohn's disease using half-Fourier RARE and gado- 
linium-enhanced SGE sequences: initial results. Magn Reson 
Imaging 18: 263-268, 2000.) Coronal T2-weighted single-shot 
echo-train spin-echo id) and coronal Tl -weighted postgadolinium 
fat-suppressed interstitial-phase 3D-GE (e) images at 3.0 T demon- 
strate moderate Crohn disease in another patient. The walls of 
involved ileal segments (arrows, d, e) are thickened and show 
increased enhancement. Note that inflammatory stranding is 
evident in the mesentery. 
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Fig. 6.63 Severe Crohn disease. Coronal SS-ETSE (a, b) and coronal (c, d) and transverse (e, /) 2- to 3-min postgadolinium 
fat-suppressed SGE images in a patient with severe disease. Coronal T2-weighted images from midabdominal plane (a) and 2 cm 
more anterior (b) demonstrate thickened loops of distal small bowel (long arrows, a, b). The terminal ileum is well shown at its 
entry into the cecum (small arrow, b). Coronal gadolinium-enhanced fat-suppressed SGE images acquired from similar tomographic 
sections, respectively, demonstrate substantial enhancement of the thickened loops of bowel and surrounding tissues. An enhanc- 
ing fistulous tract (arrow, d) is apparent close to the ileocecal valve. Transverse gadolinium-enhanced images demonstrate intense 
enhancement of multiple loops of bowel, including loops with wall thickness of 4 mm (arrows, e). On the more inferior tomographic 
section narrowing of distal ileum is apparent (long arrows,/), which accounts for the mild dilation of more proximal loops (arrows, 
e). Inflammatory mesenteric changes are evident (open arrows, e,/). Normal-appearing proximal jejunum (small arrow, a) is appre- 
ciated on the T2-weighted image. 
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Fig. 6.64 Duodenal Crohn disease and gastric outlet obstruction. Transverse T2-weighted SS-ETSE (a, b) and 2-min post- 
gadolinium fat-suppressed (c, d) images. The stomach and proximal duodenum are dilated a with transition point in the second 
portion of the duodenum. The duodenum at the level of obstruction shows increased wall thickness on the T2-weighted image 
(curved arrow, a). High signal intensity of the submucosa of the antrum and first portion of the duodenum is identified (curved 
arrows, b). The thickened portion of the duodenum demonstrates moderately increased mural enhancement (curved arrow, c), 
with mucosa and serosa layers of the antrum and proximal duodenum demonstrating enhancement reflecting moderate chronic 
inflammatory changes (arrow, d). Low signal intensity of the submucosa on the postgadolinium Tl -weighted images (c, d) represents 
submucosal edema and corresponds to high signal intensity on the T2-weighted image. (Reprinted with permission from Marcos 
HB, Semelka RC: Evaluation of Crohn's disease using half-Fourier RARE and gadolinium-enhanced SGE sequences: initial results. 
Magn Reson Imaging 18: 263-268, 2000.) 



bowel involvement ("backwash ileitis") is the sequel of 
pancolonic disease. Free reflux of colon contents into 
the ileum via a patulous, incompetent ileocecal valve 
is believed to be responsible [74]. The lumen of the 
ileum is moderately dilated, and on MRI the diseased 
ileal wall is abnormal, showing mild dilatation and 
moderately increased enhancement with gadolinium, 
reflective of diffuse inflammation, erosion, and ulcer- 
ations (fig. 6.70). 

Gluten-Sensitive Enteropathy 
(Celiac Disease, Celiac Sprue) 

Gluten-sensitive enteropathy (GSE) is an immunologi- 
cally mediated gastrointestinal disease that produces a 



malabsorption syndrome. GSE likely results from a 
specific immunologic hyperactivity to a constituent of 
dietary gluten. The diagnosis is made through jejunal 
biopsy and is based on the presence of mucosal atrophy 
with blunting or complete loss of the villi and inflam- 
mation within the mucosa of the small intestine. T2- 
weighted single-shot echo-train spin-echo technique 
may demonstrate an abnormal mucosal fold pattern of 
the small bowel, associated with an increase of intralu- 
minal fluid (figs. 6.71 and 6.72) [57]. One recent study 
showed that MRI is able to demonstrate intra- and 
extraintestinal features that may lead to the diagnosis 
of celiac disease in adults [76]. The authors have studied 
31 patients with celiac disease and have found that MRI 
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Fig. 6.65 Crohn disease. Images were obtained over a period of 2 years and show different degrees of disease activity, with 
examples of images obtained during quiescent nonactive disease (a, £>), 2 years later on acute presentation with active disease (c, 
d), 1 month later while on immunosuppressant and oral antibiotic therapy (e, /), and 3 months after therapy with resolution of 
acute imaging findings and complications (g-j). The terminal ileum (TI) is concentrically thickened (a) and demonstrates dark signal 
intensity on coronal T2-weighted imaging (WI) (arrow, a), indicating no evidence of edema and consistent with quiescent Crohn 
disease, whereas coronal gadolinium-enhanced delayed-phase Tl -weighted imaging (arrow, b) demonstrates that the abnormally 
thickened tissue enhances. This combination of features is consistent with fibrosis and chronic disease. Two years later, active 
Crohn disease has developed and is demonstrated by a long segment of distal ileum (c, d) that has abnormal wall thickening 
with high signal on T2-weighted imaging (arrow, c) associated with abnormal enhancement (arrow, d) in keeping with active 
inflammation. The uterus is noted within the image as a normal structure (asterisks, c, d). One month after immunosuppressive, 
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Fig. 6.65 (Continued) anti-inflammatory, and oral antibiotic therapy the patient presented with mild pelvic discomfort and 
pressure symptoms with imaging demonstrating development of a central pelvic abscess situated in the cul de sac on T2-weighted 
imaging (star, e) and delayed gadolinium-enhanced Tl-weighted imaging (asterisk, /), with a thickened enhancing abscess wall 
(arrow,/). There remains marked diffuse mesenteric edema and fluid (arrow, e). Two months after acute presentation, the abscess 
has been percutaneously drained with complete resolution of the abscess, inflammation, and pelvic edema on T2-weighted imaging 
(g) and gadolinium enhanced Tl-weighted imaging (h). The TI has returned to nearly the same appearance as 2 years previously 





Fig. 6.65 (Continued) on coronal T2 (/> and gadolinium-enhanced Tl (/>weighted images, consistent with persistent fibrosis 
and return to quiescent disease. 





Fig. 6.66 Crohn disease in pregnancy. Gadolinium- 
enhanced Tl -weighted fat-suppressed spin-echo image (a) in a 
patient in the second trimester of pregnancy. Thickened and 
intensely enhancing distal ileum is present (arrow, a). The pregnant 
uterus is also well shown (large arrow, a). Coronal (b) and trans- 
verse (c) T2-weighted single-shot echo-train spin-echo images dem- 
onstrate Crohn disease in a pregnant patient. No postgadolinium 
imaging was performed because of the pregnancy. Diffuse wall 
thickening is present in the cecum (white arrows, b, c) and terminal 
ileum (black arrows, b, c). Inflammatory stranding is detected in the 
fat tissue around the terminal ileum and cecum. Note that minimal 
free fluid is also present around the terminal ileum and cecum. 
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Table 6.2 


Crohn Disease 


Severity 


Criteria 


Severity 


Contrast 

Enhancement 

(%) 


Wall 

Thickness 

(mm) 


Length of 

Diseased 

Segment (cm) 


Mild* 

Moderate 

Severe 


<50 

50-100 

>100 


<5 
5-20 
>10 


<5 
Variable 

>5** 



*Bowel-wall thickening must be at least 4 mm, and one of the other 2 criteria 

must be satisfied. 

**Typically >10cm of affected bowel. 

Reprinted with permission from Ascher SM, Semelka RC: MRI of the 

gastrointestinal tract. In Higgins CB, Hricak H, Helms CA (eds.). Magnetic 

Resonance Imaging of the Body. New York: Raven Press, p. 677-700, 

1997. 




Fig. 6.67 Crohn disease activity assessment. 

Gadolinium-enhanced Tl -weighted fat-suppressed spin-echo 
image in a patient with active Crohn disease. There is good 
correlation between clinical indices [CDAI, 185 (active disease 
1150); modified IOIBD index, 8 (scale 1-10)] and MRI findings 
(arrows) of thickened wall, length of diseased segment, and 
percentage of mural enhancement (MRP, 4,664). (Reprinted 
with permission from Kettritz U, Isaacs K, Warshauer DM, 
Semelka RC: Crohn's disease: pilot study comparing MRI of the 
abdomen with clinical evaluation. / Clin Gastroenterol 21: 
249-253, 1995.) 





Fig. 6.68 Acute on chronic Crohn disease. T2-weighted SS- 
ETSE (a) and gadolinium-enhanced Tl -weighted fat-suppressed 
spin-echo (b) images in a patient with longstanding disease. 
Increased thickness of distal ileum is present, which demonstrates 
increased signal intensity in the inner aspect of the wall (arrow, a). 
Acute exacerbation is characterized by intense mucosal enhance- 
ment (long arrow, b), with minimal enhancement of the outer wall 
in substantially thickened bowel. Accompanying hyperemia of 
the mesentery reflects the active inflammatory process (short 
arrows, b). Incidental note is made of a right adnexal cyst (long 
arrow, a) and free fluid in the pelvis. Gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo image (c) in a second patient 
with a long history of Crohn disease. Thickened loops of small 
bowel with intense enhancement of the inner wall are apparent 
(arrows, c). The appearance is that of acute mucosal exacerbation 
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Fig. 6.68 (Continued) superimposed on a chronically thickened wall. Coronal T2-weighted single-shot echo-train spin-echo 
(d), coronal T2-weighted true-FISP (e), and coronal Tl-weighted fat-suppressed postgadolinium interstitial-phase 3D-GE (f, g) images 
demonstrate acute on chronic Crohn disease in another patient. The cecum (black arrows, d-g) is retracted because of fibrosis, 
and its thickened wall shows progressive enhancement due to fibrosis and inflammation. The wall of the terminal ileum is also 
thickened and shows increased enhancement (white arrows, e,f). Free fluid is also detected in the right lower quadrant. The pres- 
ence of retracted fibrotic cecum, and thickened and enhancing terminal ileum in combination with free fluid suggests the diagnosis 
of acute on chronic Crohn disease. 





Fig. 6.69 Crohn disease with dilated stagnant bowel loop. 

Transverse T2-weighted SS-ETSE (a) and coronal (£>) and transverse (c) 
gadolinium-enhanced interstitial-phase fat-suppressed SGE images. An 
enlarged loop of distal small bowel is present that contains substantial 
debris. Enlarged stagnant loops of small bowel are a complication of long- 
standing distal small bowel obstruction as observed in Crohn disease. 
Coronal T2-weighted true-FISP id) and coronal Tl -weighted postgadolin- 
ium fat-suppressed 3D-GE (e) images demonstrate stenotic small bowel 
segment (white arrows, d, e) and prestenotic dilated bowel segments in 
another patient with Crohn disease. The wall of stenotic bowel segment 
is thickened and shows increased enhancement on postgadolinium image 
(e). Note that there is associated enhancing mesenteric inflammation 
(short arrow, e). 
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Fig. 6.70 Backwash ileitis. Gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo image in a patient with ulcer- 
ative colitis. Pancolonic involvement with ulcerative colitis results 
in a patulous ileocecal valve. Reflux of colon contents into the 
ileum causes inflammatory changes (arrows). (Reprinted with per- 
mission from Shoenut JP, Semelka RC, Silverman R,Yaffe CS, 
Mickflikier AB: The gastrointestinal tract. In Semelka RC, Shoenut 
JP (eds.), MRI of the Abdomen with CT Correlation. New York: 
Raven Press, 1993, pp. 119-143.) 





Fig. 6.71 Gluten-sensitive enteropathy. T2-weighted 
SSETSE (a), immediate postgadolinium SGE (&), and 90-s postgad- 
olinium fat-suppressed SGE (c) images. T2-weighted image dem- 
onstrates an abnormally prominent mucosal pattern in the 
duodenum associated with an increase in intraluminal fluid 
(arrows, a). The duodenal mucosa enhances normally, which 
reflects a lack of vascular changes related to the disease process. 
Upper gastrointestinal endoscopy with biopsy was performed, 
and histopathologic examination established the diagnosis of 
gluten-sensitive enteropathy. (Reprinted with permission from 
Marcos HB, Semelka RC, Noone TC, Woosley JT, Lee JKT: MRI of 
normal and abnormal duodenum using half-Fourier single-shot 
RARE and gadolinium-enhanced spoiled gradient-echo sequences. 
Magn Reson Imaging 17: 869-880, 1999.) 




THE SMALL INTESTINE 



807 






Fig. 6.72 Gluten-sensitive enteropathy. Coronal (a) and axial (b) interstial-phase gadolinium-enhanced Tl -weighted fat- 
suppressed 3D-GE images in a 61-year-old man demonstrate abnormal ileal fold pattern (small bowel loops shown within circle, a 
and b) with increased number and irregularity of folds mimicking the appearance normally associated with the jejunum. Coronal 
T2-weighted single-shot echo-train spin-echo (c), coronal T2-weighted true-FISP (d), and coronal Tl-weighted postgadolinium inter- 
stitial phase fat-suppressed 3D-GE (e,f) images demonstrate refractory gluten-sensitive enteropathy (RGSE) in another patient. Valvula 
conniventes of the jejunum are lost due to RGSE. Segmental wall thickening (arrows, c) and associated increased enhancement 
(arrows, e) are detected in the jejunum and ileum, suggesting jejunoileitis. Submucosal edema is detected in these segments. 
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Fig. 6.72 (Continued) Note that enlarged and enhanced mes- 
enteric lymph nodes (arrow, /) are also present. Eosinophilic 
gastroenteritis. T2-weighted short-tau inversion recovery (STIR) 
(g), Tl-weighted SGE (h), Tl-weighted postgadolinium arterial 
phase SGE (/), and Tl-weighted postgadolinium fat-suppressed 
3D-GE (/') images demonstrate eosinophilic gastroenteritis in 
another patient. The walls of small bowel segments are thickened 
because of edema, which shows high signal intensity on T2- 
weighted image (g). The bowel segments are moderately dilated, 
and their walls show progressive increased enhancement. Note 
that free fluid is also present in the abdomen. 
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showed bowel dilatation in 6 1.3% in = 19), increased 
number of ileal folds in 48.4% in = 15), reversed fold 
pattern abnormality in 38.7% in = 12), increased wall 
thickness in 16.1% in = 5), duodenal stenosis in 6.5% 
in = 2), intussusception in 12.9% in = 4), mesenteric 
lymphadenopathy in 41.9% in = 13), mesenteric vascu- 
lar changes in 22.6% in = 7), ascites in 6.5% (n=2), and 
no abnormalities in 12.9% (n = 4) [76]. The overall 
specificity and accuracy were 100%, and sensitivity was 
79% and 75% for increased number of ileal folders and 
reversed fold pattern abnormality, respectively [76]. MRI 
can detect the complications of GSE including jejunoil- 
eitis and lymphoma. 

Eosinophilic Gastroenteritis 

Eosinophilic gastroenteritis is a rare disease affecting 
both children and adults. It is characterized by the pres- 
ence of GI symptoms, eosinophilic infiltration in the 
GI tract, the absence of an identified cause of eosino- 
philia, and the exclusion of eosinophilic involvement in 



organs other than the GI tract. Atopy or food allergy 
history may be present. MR imaging features are 
nonspecific and include gastric or bowel dilatation, 
thickened or flattened valvula conniventes, gastric 
and bowel wall thickening, strictures, ulcerations, 
enlarged lymph nodes, and ascites. Edema in the bowel 
wall submucosa can be seen as high-signal-intensity 
changes on T2-weighted images. Thickened bowel 
wall shows increased enhancement on postgadolinium 
images. 

Scleroderma 

Scleroderma, or progressive systemic sclerosis, is a con- 
nective tissue disease that often involves the gastro- 
intestinal tract. There is a patchy destruction of the 
muscularis propria in the small intestine, mainly involv- 
ing the duodenum and jejunum. There is also degenera- 
tion of both circular and longitudinal muscle layers and 
replacement by collagen tissue [77]. Dilatation is the 
most common finding in imaging studies (fig. 6.73), and 





Fig. 6.73 Scleroderma. Coronal (a, b) and transverse (c) T2- 
weighted SS-ETSE images show dilatation of the duodenum and 
multiple small bowel loops without evidence of obstruction. 
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Fig. 6.74 Pouchitis. Gadolinium-enhanced Tl-weighted 
fat-suppressed spin-echo image demonstrates slight thickening 
of the pouch with stranding in the surrounding fat (arrow). 



sacculation with formation of pseudodiverticula also 
may develop. 

Pouchitis 

A continent ileostomy ("pouch") is often fashioned for 
patients after total colectomy. The creation of an ileal 
pouch changes the usual function of this part of the 
small intestine from absorption to fecal storage. With 
fecal storage, stasis and bacterial overgrowth may occur. 
The most common long-term complication of an ileal 
reservoir is inflammation known as "pouchitis." This 
condition is more common in patients with Crohn 
disease [78], MRI features of which include an enhanc- 
ing and thickened pouch wall and inflammatory strand- 
ing of the "peripouch" fat (fig. 6.74). 

Fistula 

A fistula is defined as an abnormal passage or com- 
munication, generally between two internal organs or 
leading from an organ to the surface of the body. In 
the setting of small bowel pathology, fistulas result from 
compromise in the integrity of the visceral wall and may 
be sequelae of infection, inflammation, neoplasia, radia- 
tion therapy, and ischemia (embolic, thrombotic, or 
vasoconstrictive). MRI's good contrast and spatial reso- 
lution, in conjunction with direct image acquisition in 
any plane, makes it a very effective modality in the 
workup of fistulas. The appearance of a fistula will 
depend on its contents, the degree of inflammation, and 
the type of sequence employed. Fluid-filled tracts are 
high in signal intensity on T2-weighted sequences, 
whereas gas-filled tracts are signal void. Fat suppression 
combined with intravenous gadolinium highlights the 
enhancing fistulous tracts amid the surrounding low- 
signal intensity intra-abdominal fat. Focal discontinuity 



of the involved organ at the site of tract penetration is 
diagnostic (fig. 6.75) [7, 8]. 



Infectious Enteritis 

Active inflammation may be caused by a variety of 
bacterial, protozoal, fungal, or viral pathogens. Yersinia 
enterocolitica infection may cause acute gastroenteritis, 
terminal ileitis, mesenteric lymphadenitis, and colitis 
[791. Yersinia ileitis and Yersinia enterocolitis may 
mimic appendicitis and Crohn disease, respectively. 
Campylobacter jejuni may produce diarrhea, severe 
gastroenteritis, or colitis [80]. Giardia lamblia and 
Strongyloides stercoralis are protozoa that typically 
involve proximal small bowel. The increasing popula- 
tion of immunocompromised patients has led to an 
increase in occurrence of infectious granulomatous 
disease of the bowel. Tuberculosis mycobacteria infec- 
tion involves the terminal ileum. Patients may be symp- 
tomatic from the acute inflammatory response, late 
fibrotic stenosis, or both. Mycobacterium avium-intra- 
cellulare favors the colon and is frequently accompa- 
nied by bulky retroperitoneal lymphadenopathy. 
Cytomegalovirus and Cryptosporidium parvum are 
infections common in AIDS patients. In all of these 
inflammatory conditions, the MRI findings may be 
nonspecific, demonstrating bowel wall thickening, 
increased secretions, and mesenteric edema. Gadolinium- 
enhanced fat-suppressed SGE or 3D-GE imaging 
demonstrates bowel wall thickening and increased 
enhancement (fig. 6.76) and detects the presence of 
abscesses by the identification of encapsulated fluid 
collections that possess an enhancing rim. Clinical 
history, coupled with the segment of bowel affected, 
may suggest the correct diagnosis. For example, in an 
AIDS patient, small bowel wall thickening and submu- 
cosal hemorrhage may be seen in cytomegalovirus 
infection, whereas focal thickening of the bowel wall 
and mildly dilated, fluid-filled segments may suggest 
Cryptosporidium infection [46]. 



Pancreatitis 

Small bowel changes also may occur adjacent to an 
active inflammatory process. Specifically, in patients 
with pancreatitis, small bowel wall thickening and focal 
ileus are seen on gadolinium-enhanced SGE or 3D-GE 
images (fig. 6.77). An MRI colon cutoff sign also may 
be demonstrated. 



Drug Toxicity 

Inflammatory changes of small bowel may result from 
a number of etiologies. Chemotherapy toxicity is one 
example. Diffuse and circumferential wall thickening 
with increased enhancement are observed (fig. 6.78). 
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Fig. 6.75 Pelvic fistulas in a patient with Crohn disease. 

Transverse (a) and sagittal (£>) interstitial-phase gadolinium-enhanced fat- 
suppressed SGE images. There is a large decubitus ulcer associated with 
destruction of the coccyx and lower part of the sacrum. Extensive pelvic 
cutaneous fistulas appear as enhancing track walls (arrows, a). An abscess 
of the obturator internus muscle is present (curved arrow, a). Entero- 
enteric fistulas in patients with Crohn disease. Coronal T2-weighted 
true-FISP (c), single-shot echo-train spin-echo (d), and coronal Tl -weighted 
postgadolinium interstitial-phase fat-suppressed 3D-GE (e) images demon- 
strate several entero-enteric fistulas in another patient with Crohn disease. 
Several small bowel segments with thickened and abnormally enhancing 
walls form fistulas (arrows, c-e) with each other. Note the associated 
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Fig. 6.75 (Continued) mesenteric inflammation adjacent to the fistu- 
las. Coronal T2-weighted single-shot echo-train spin-echo (/"), coronal 
T2-weighted true-FISP (g), and coronal Tl -weighted postgadolinium fat- 
suppressed interstitial phase 3D-GE Qf) images demonstrate an entero- 
enteric fistula (white arrow, g, h) and an ulcer (open arrow, /, b) in 
another patient with Crohn disease. The walls of small bowel segments 
are thickened and show increased enhancement. A fistula (white arrows, 
g, h) is present between two jejunal segments. Note that there is stranding 
in the mesenteric fat adjacent to the involved segments, which is best 
seen on true-FISP (g) and postgadolinium (h) images. An ulcer (open 
arrow, /, h) that is detected in the inferior border of a jejunal segment 
shows high signal on T2-weighted image (/") and increased enhancement 
on postgadolinium image (h) within the wall. Entero-vesical fistula in 
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Fig. 6.75 (Continued) a patient with Crohn disease. Coronal T2-weighted true-FISP (i) and coronal Tl-weighted post- 
gadolinium interstitial-phase fat-suppressed 3D-GE (/') images demonstrate a fistula (arrow, /, 7) between an ileal segment and the 
dome of the bladder. Note that the wall of the ileal segment is thickened and shows increased enhancement. 





Fig. 6.76 Duodenitis. Transverse T2-weighted SS-ETSE (a), immediate postgadolinium SGE (£>), and interstitial-phase gadolin- 
ium-enhanced fat-suppressed SGE (c) images. Diffuse wall thickening and enhancement (arrow, b) involving the second part of 
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Fig. 6.76 (Continued) the duodenum are observed in a patient with infectious enteritis. Coronal T2-weighted SS-ETSE (d), 
transverse SGE (e), and immediate postgadolinium Tl -weighted SGE (/") images in a second patient with eosinophilic enteritis. There 
is thickening of the first and second portions of the duodenum (arrows, d-f) with duodenal dilatation. Infectious enteritis. T2- 
weighted single-shot echo-train spin-echo (g) and Tl -weighted postgadolinium interstitial-phase fat-suppressed 3D-GE (h) images 
demonstrate dilated small bowel loops with intensely enhancing thickened walls in another patient with AIDS. 
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Fig. 6.77 Small intestine inflammation secondary to pancreatitis. Coronal T2-weighted SS-ETSE (a) and T2-weighted fat- 
suppressed echo-train spin-echo (b) images demonstrate circumferential high signal intensity of the wall of the jejunum (arrow, a, 
b) secondary to edema caused by inflammatory changes induced by pancreatitis. The outer wall is high in signal intensity, whereas 
the inner wall is low in signal intensity, reflecting the extrinsic nature of the bowel inflammation. Sagittal (c) and transverse (d) 
interstitial-phase gadolinium-enhanced SGE images in a second patient demonstrate dilatation (arrowheads, c) of small bowel with 
increased wall enhancement (arrows, c, d).The transverse colon (c, c, d) shows a transition from normal caliber to narrowed, which 
is the transverse colon cutoff sign of pancreatitis. 



Radiation Enteritis 

In the gastrointestinal tract, the small intestine is the 
region most sensitive to radiation injury. Radiation 
therapy for malignant disease may cause an enteritis 
with tumor doses greater than 45 Gy. The majority of 
cases are secondary to treatment for female genital tract 
malignancy. The distal jejunum and ileum are the most 
common sites affected. Acute injury to the small intes- 
tine occurs within hours to days after radiation therapy. 
Although some damage to the intestinal wall is a regular 



occurrence, lesions are variable in severity. Microscopic 
inspection may show sloughed villi with mucosal hem- 
orrhage, edema, focal necrosis, and inflammation. Early 
postradiotherapy complications include ulceration, 
necrosis, bleeding, perforation, and abscess formation. 
The development of chronic radiation enteritis is vari- 
able, developing months to years after the radiation 
event. Chronic radiation enteritis is a progressive disease 
resulting from underlying vascular damage. Vascular 
injury includes fibrosis and hyalinization of blood vessel 
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walls leading to obliterative endarteritis within the intes- 
tinal wall and mesentery. Progression of the vascular 
pathology causes ischemia. Normal tissue is replaced 
by parenchymal atrophy and progressive fibrosis. 
Complications of chronic radiation enteritis include 
strictures, fistulas, bowel fixation, and angulation. 
Varying degrees of small bowel obstruction may result. 
Gadolinium-enhanced fat-suppressed SGE or 3D-GE 
imaging is the most effective technique for detecting the 
diffuse early ischemic and inflammatory changes of 
radiation enteritis as well as the more focal late fibrotic 
sequelae. Changes caused by radiation effect are 
reflected in diffuse symmetric bowel wall thickening 
and enhancement of multiple loops of small bowel in 
the same region of the abdomen. Radiation effect can 
be readily distinguished from recurrent tumor, which 
demonstrates irregular, nodular bowel wall thickening 
(fig. 6.79). 

Ischemia and Hemorrhage 

Ischemia and hemorrhage may occur in tandem or as 
isolated events. Ischemia, regardless of etiology, leads 
to wall edema secondary to capillary leakage (fig. 6.80). 
If prolonged, infarction can result. The MRI findings 
parallel the severity of blood flow compromise. Early 
changes include mural thickening and increased 
enhancement on late postcontrast images (fig. 6.81). 
Increased enhancement on immediate postgadolinium 
images reflects leaky capillaries. Necrotic bowel mani- 
fests MRI findings consistent with hemorrhage, and in 
severe cases portal venous gas may be observed (see 
fig. 6.81). Vascular compromise or thrombosis may be 
well shown on early (>lmin) postgadolinium images 
(fig. 6.82) and MRA images (see fig. 6.81). Bowel wall 
hemorrhage from trauma or ischemia may be diagnosed 
by high signal intensity within the submucosa on both 
Tl- and T2-weighted sequences due to the presence of 
extracellular methemoglobin [81]. Noncontrast Tl- 
weighted fat-suppressed images are the most sensitive 
for the detection of subacute blood (fig. 6.83). One 
study evaluated the MR appearance of small bowel wall 
hemorrhage and showed that MR findings was able 
to distinguish mural-based hematoma from contained 
perimural small bowel hematoma (fig. 6.83) [81]. The 
most effective MR feature to make this distinction was 
demonstration of the lack of involvement of the wall 
with single-shot T2-weighted images (fig. 6.83) [81]. 

Hypoproteinemia 

Hypoproteinemia may arise from a number of causes, 
the most common of which are cirrhosis and malnour- 
ishment. In the setting of cirrhosis, hypoproteinemia 
has been postulated as the primary cause of intestinal 
wall edema of the large and small bowel. It is generally 
thought that edema is diffuse and results from changes 



in oncotic pressure [82]. Generalized bowel wall 
thickening is present, which is best appreciated in 
the jejunum. Unlike inflammatory conditions, enhance- 
ment on gadolinium-enhanced images is negligible 
(fig. 6.84). 

Intussusception 

Intussusception is a form of intestinal obstruction char- 
acterized by the telescoping of one intestinal segment 
into another. Predisposing factors include masses and 
motility disorders [83]. Transient asymptomatic intus- 
susceptions are not uncommon imaging findings, but 
multiple nonobstructing intussusceptions suggest an 
underlying bowel disorder such as sprue. The invaginat- 
ing bowel segment is referred to as the intussusceptum, 
and the bowel segment into which the prolapse 
has occurred is referred to as the intussuscipiens. 
Intussusception is clearly demonstrated on T2-weighted 
single-shot echo-train spin-echo images because of the 
sharp anatomic detail of this sequence. In the setting of 
intussusception, fluid in dilated bowel provides excel- 
lent intrinsic contrast for the bowel-within-bowel 
appearance (fig. 6.85). The use of T2-weighted single- 
shot echo train spin echo sequences is very helpful in 
pregnant patients (fig. 6.85) since postgadolinium 
imaging should be avoided in pregnant patients unless 
maternal and fetal survival depend on it. 

Hernia 

Small bowel mechanical obstruction is most commonly 
related to adhesions (fig. 6.85) or hernias. Small bowel 
hernias may be classified as internal, as may form from 
a loop of small bowel passing through an abnormal 
defect or tear within the mesentery, or as external, as 
may form from a small bowel loop passing into an 
inguinal defect (fig. 6.86). Distension of the small bowel 
with an oral contrast agent may provide additional 
sensitivity by making even a partially obstructed small 
bowel segment more conspicuous. A water-based 
agent can serve well for this purpose by producing high 
signal (bright lumen) on T2-weighted and low signal 
(dark lumen) on Tl -weighted images (see fig. 6.86) 
[84-86]. 

Graft-Versus-Host Disease 

Graft-versus-host disease (GVHD) is an immunologic 
disorder that occurs in any situation in which immuno- 
logically competent donor cells are transplanted into an 
immunologically incompetent recipient. GVHD most 
commonly follows bone marrow or organ transplanta- 
tion. The acute form involves the gastric antrum, small 
bowel, and colon and occurs within days (7-100) in 
recipients. Histologically, acute GVHD shows loss of 
normal intestinal mucosal architecture with ulceration, 
mucosal denudation, and submucosal edema. On MR 
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Fig. 6.78 Chemotherapy toxicity enteritis. Coronal T2- 
weighted SS-ETSE (a), immediate postgadolinium SGE (£>), and 
90-s postgadolinium fat-suppressed SGE (c) images in a patient 
with chemotherapy toxicity enteritis. Many etiologic agents may 
cause inflammation of the small bowel. The findings are nonspe- 
cific and include diffuse circumferential wall thickening (short 
arrows, a), marked bowel wall enhancement (arrows, b, c), mes- 
enteric infiltration and hyperemia (open arrow, &), and lymphade- 
nopathy (open arrow, c). Note the normal common bile duct on 
the T2-weighted image (long arrow, a). Coronal id) and transverse 
(e) interstitial-phase gadolinium-enhanced fat-suppressed SGE 
images in a second patient, who underwent chemotherapy for 
ovarian cancer. There is abnormal enhancement of multiple loops 
of small bowel (arrows, d, e) consistent with chemotherapy toxic- 
ity enteritis. 



images there is diffuse bowel wall thickening with 
increased enhancement of the inner wall layers (fig. 
6.87). The chronic form of GVHD may follow the acute 
form or occur insidiously and is usually associated with 



esophageal involvement. Microscopic examination of 
the esophagus shows a sloughed and hyperemic 
mucosa. This desquamative esophagitis may lead to 
webs and strictures. 
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Fig. 6.79 Small intestine radiation enteritis versus meta- 
static disease. Transverse 512-resolution T2-weighted echo-train 
spin-echo (a), 90-s postgadolinium fat-suppressed SGE (b), and 
90-s postgadolinium SGE (c) images in two patients [(a, b) and 
(c)] with radiation enteritis. In the first patient, the T2-weighted 
echo-train spin-echo image (a) is degraded by blurring artifact 
secondary to peristalsis. Breath-hold technique coupled with gad- 
olinium-enhanced fat-suppressed imaging at the same level high- 
lights postradiation therapy changes of the small bowel: diffuse, 
symmetric wall thickening with increased enhancement (arrows, 
b). Similar changes are noted in the second patient after radiation 
therapy (arrows, c). Transverse 90-s postgadolinium fat-suppressed 
SGE image (d) in a third patient, who has recurrent ovarian 
cancer, demonstrates irregular focal thickening of small bowel. 
Note the difference between the symmetric and uniform bowel 
thickening associated with radiation changes (b, c) and the more 
focal and asymmetric changes produced by metastatic disease to 
the small bowel (arrows, d). Transverse gadolinium-enhanced 
interstitial-phase fat-suppressed SGE (e) image in a fourth patient, 
after radiation therapy for colon cancer, shows circumferential 
small bowel thickening. 
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Fig. 6.80 Small bowel ischemia. T2-weighted SS-ETSE (a) 
and interstitial-phase gadolinium-enhanced fat-suppressed SGE (£>) 
images in a patient with incarcerated hernia. Multiple dilated 
enhancing loops of small bowel with increased mural enhance- 
ment are observed. Air-fluid levels are identified on T2-weighted 
image (a). Coronal T2-weighted SS-ETSE (c), immediate postgado- 
linium Tl -weighted SGE (d), and interstitial-phase gadolinium- 
enhanced fat-suppressed SGE (e) images in a second patient, who 
underwent radiotherapy for cervix cancer. Small bowel dilatation 
with increased thickness and enhancement is present. Operative 
findings were consistent with multiple adhesions and bowel isch- 
emia. Coronal T2-weighted SS-ETSE (/") image in a third patient 
shows diffuse, markedly dilated small bowel loops. 






(e) 
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Fig. 6.80 (Continued) 





Fig. 6.81 Small bowel ischemia. Gadolinium-enhanced Tl-weighted fat-suppressed spin-echo images (a, &).The patient had 
undergone previous small bowel resection. Increased enhancement of a loop of proximal small bowel (arrows, a) is present. The 
stomach (s, d) also contains regions of increased mural enhancement. Increased enhancement results from leaky capillaries 
in ischemic bowel disease. Portal venous gas (small arrows, b) is an ominous finding suggesting bowel necrosis. Susceptibility 
artifact (arrowhead, a) is noted within the anterior abdominal wall. Coronal T2-weighted single-shot echo-train spin-echo (c) and 
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Fig. 6.81 (Continued) coronal id) and transverse (e) Tl -weighted 
postgadolinium interstitial-phase fat-suppressed SGE images demonstrate 
small and large bowel ischemia and dilatation secondary to shock in 
another patient. The walls of the bowel are thickened and show increased 
enhancement on the interstitial phase. Sagittal reconstructed 3D MIP MRA 
(/") image also shows additional superior mesenteric artery stenosis 
(arrow) and similar findings of the celiac trunk. Note that free fluid is 
present in the abdomen. 
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Fig. 6.82 Superior mesenteric vein (SMV) thrombosis. 

Transverse 90-s postgadolinium fat-suppressed SGE image demon- 
strates signal-void thrombus in the SMV with increased enhance- 
ment of the SMV wall (arrow), which was caused by infection 
associated with thrombosis. 





Fig. 6.83 Submucosal hemorrhage. SGE (a) and Tl -weighted fat-suppressed spin-echo Qf) images in a woman status post 
hysterectomy who had undergone vigorous intraoperative bowel retraction. Increased signal intensity in the bowel wall on the SGE 
image (arrow, a) becomes more conspicuous after fat suppression (arrow, b). Duodenal hematoma. Transverse T2-weighted single- 
shot echo-train spin-echo (c), transverse Tl -weighted SGE (d), and coronal Tl -weighted postgadolinium interstitial-phase fat- 
suppressed 3D-GE (e) images demonstrate an intramural duodenal hematoma (arrows, c-e) in another patient. An eccentrically 
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Fig. 6.83 (Continued) located duodenal mass shows heteroge- 
neously high signal on T2-weighted image (c) and intermediate signal 
on Tl -weighted image (d). No enhancement is detected in the lesion 
on postgadolinium image (e). Note that minimal perihepatic free fluid 
is detected. Coronal T2-weighted single-shot echo-train spin-echo (/") 
and coronal Tl-weighted fat-suppressed interstitial-phase 3D-GE (g) 
images demonstrate periduodenal hematoma in another patient. 
Periduodenal hematoma (long arrows, /, g) is present in the mesen- 
tery along the 2nd and 3rd portions of the duodenum. The hematoma 
shows intermediate signal on T2-weighted image (/") and high signal 
on Tl-weighted precontrast image (not shown). The hematoma does 
not show any enhancement on postgadolinium image (g). Note that 
the duodenal wall (short arrow, /, g) is intact. 
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Normal Anatomy 

The large bowel measures approximately 4.5 ft in length 
and is divided into the appendix, cecum, ascending 
colon, transverse colon, descending colon, sigmoid 
colon, rectum, and anal canal. Its main functions include 
absorption of water and electrolytes, storage of fecal 
matter, and mucus secretion. 

The cecum lies below the level of the ileocecal 
valve. Although the cecum is in the right iliac fossa, it 
possesses a mesentery and sometimes is freely mobile. 
This mobility predisposes the cecum to volvulus forma- 
tion. The ascending and descending colon are retroperi- 



toneal and located in the anterior pararenal space. The 
transverse colon is located anteriorly in the peritoneal 
cavity suspended by the transverse mesocolon, which 
originates from the peritoneal covering of the anterior 
surface of the pancreas. The gastrocolic ligament con- 
nects the superior surface of the transverse colon to the 
greater curvature of the stomach. The sigmoid colon is 
intraperitoneal and suspended by a mesentery, whereas 
the rectum is retroperitoneal and relatively fixed. The 
frontal and lateral surfaces of the rectum are covered 
with peritoneum, which is then reflected anteriorly, 
forming the rectovaginal recess in females and the rec- 
tovesical recess in males. Below the coccyx, the rectum 
traverses the levator ani muscles to become the anal 
canal. 
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Fig. 6.84 Small bowel edema in cirrhosis. Immediate post- 
gadolinium SGE (a), 90-s postgadolinium SGE (b), and T2-weighted 
single-shot echo-train spin-echo (c) images in three different 
patients with cirrhosis. Ascites and diffuse thickening of multiple 
loops of small bowel (arrows, a) are present. Third-spacing of fluid 
secondary to hypoproteinemia accounts for the bowel wall thick- 
ening. High-signal submucosal edema is well shown on the single- 
shot T2-weighted image (arrow, c) 




Colonic microstructure consists of four layers: 
mucosa, submucosa, muscularis externa, and serosa. 
The bowel wall is usually less than 4 mm thick. The 
muscularis consists of an inner circular and an outer 
longitudinal layer. Thickened muscular bundles of the 
outer muscle layer form the taeniae coli. Because the 
taeniae are shorter in length than the colonic wall itself, 
taeniae coli gather the wall into sacculations or haustra. 
Colonic luminal diameter is greatest in the cecum and 
gradually decreases distally to the level of the rectal 
ampulla, where the caliber again increases. 

MRI Technique 

The technique and considerations for studying the large 
bowel parallel those for the small bowel. Fasting at least 
4-6 h before imaging is recommended to reduce peri- 
stalsis. Blurring artifact from bowel motion decreases 
image quality of long-acquisition-time T2-weighted con- 
ventional and fast spin-echo techniques. T2-weighted 



single-shot echo-train spin-echo and True-FISP tech- 
niques overcome this limitation and should be per- 
formed in the axial and coronal planes for imaging 
colonic disease, with the sagittal plane reserved for 
imaging the rectum. Gadolinium-enhanced fat-sup- 
pressed SGE or 3D-GE imaging is an important sequence 
for imaging the colon, as with all other segments of 
intra-abdominal bowel. Normal colon is thin walled, has 
haustrations, and enhances minimally with gadolinium 
(fig. 6.88). 

The rectum deserves special mention. Unlike the 
remaining large intestine, the relatively fixed position of 
the rectum benefits from high-resolution (512 matrix) 
T2-weighted echo-train spin-echo imaging. This tech- 
nique is particularly useful for the evaluation of rectal 
carcinoma, assessing the extent of bowel wall involve- 
ment by tumor, determining the relationship of tumors 
to adjacent structures, and distinguishing tumor recur- 
rence from fibrosis. Endorectal MRI also may be used to 
study the rectum. The endoluminal surface coil optimizes 
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Fig. 6.85 Small bowel intussusception. T2-weighted SS-ETSE (a) and T2-weighted fat-suppressed echo-train spin-echo (b) 
images in two patients. In the first patient, the T2-weighted image (a) provides clear definition of the bowel-within-bowel appear- 
ance (arrow) of intussusception. In the second patient (£>), respiratory and bowel motion degrades the majority of the peritoneal 
cavity. However, the dilated, relatively fixed, hypotonic loop of the intussuscipiens (long arrow, b) is relatively well shown. The 
intussusceptum (short arrow, b) is clearly shown, and its mesentery (open arrow, b) is also appreciated. In this second patient 
adequate visualization of the intussusception occurred in this non-breath-hold study because of the hypotonicity of the involved 
bowel segments. Coronal (c) and sagittal (d, e) T2-weighted SSETSE images in a third patient. The bowel-within-bowel appearance 
(arrows, a-c) is clearly demonstrated. (Courtesy of N. Cem Balci, Florence Nightingale Hospital, Istanbul, Turkey). Intussusceptions 
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Fig. 6.85 (Continued) in pregnant patients. Coronal (/") 
and transverse (g) T2-weighted single-shot echo-train spin-echo 
and coronal (h) and transverse (i) single-shot echo-train spin-echo 
images demonstrate intussusceptions in two pregnant patients. 
Bowel-within-bowel appearance (black arrow, /, g) is detected in 
the left upper quadrant in a patient with jejuno-jejunal intussus- 
ception. Note the pregnancy and free fluid in this patient. Bowel- 
within-bowel appearance is detected in the right upper quadrant 
in another patient with colo-colic intussusception. Inflammatory 
stranding is present around the intussusception. Note the preg- 
nancy and free fluid in this patient. Small bowel obstruction 
secondary to adhesion. T2-weighted thick-section fast spin- 
echo MRCP (/), Tl-weighted SGE (&), and Tl-weighted post- 
gadolinium fat-suppressed interstitial-phase 3D-GE (/) images 
demonstrate small bowel obstruction secondary to adhesions. 
Small bowel dilatation in combination with small bowel wall thick- 
ening and increased mural enhancement are detected. The transi- 
tion point (arrows, k, /) between dilated small bowel segments 
and normal caliber small bowel segment is shown. 
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Fig. 6.86 Small bowel inguinal hernia. Axial single-shot T2 
(a) and sagittal gadolinium-enhanced delayed-phase gradient-echo 
fat-suppressed Tl (b) images show an inguinal hernia (arrows) 
with mild dilatation of the small bowel proximal to the involved 
segment. 




spatial resolution and demonstrates the rectal wall layers, 
anal sphincter complex, and disease processes [9, 10, 87, 
88]. The use of intraluminal contrast to distend the colon 
may improve detection of mucosal abnormalities [89]. 
The layers of the rectal wall can be visualized on gado- 
linium-enhanced Tl -weighted fat-suppressed images, 
high-resolution T2-weighted images, and endorectal 
coil T2 -weighted images (see fig. 6.88). The transition 
between the rectum and the anal canal can be deter- 
mined by the observation that the rectum contains intra- 
luminal air and the anal canal is collapsed (fig. 6.89). 
Phased array torso coil imaging is generally used for 
imaging the rectum due to ease of use and patient accep- 
tive. High-resolution (512 matrix) T2-weighted image 
combined with gadolinium-enhanced thin section 3D 
gradient echo is generally recommended. 

MR colonography is a relatively recent technique 
that involves distending the colon with fluid and obtain- 
ing coronal thick-slab (5-8 cm) T2-weighted single-shot 
echo-train spin echo to generate images that resemble 
fluoroscopic barium enemas [90-92]. Water serves well 
as an intraluminal contrast agent. 



Congenital Anomalies 

Malrotation 

Nonrotation, the most common rotational abnormality, 
is discussed above. In this condition the large bowel 
will occupy the left side of the abdomen (fig. 6.89). 

Duplication 

Colonic duplications represent a congenital longitudinal 
division of the developing gut. Grossly, two intestinal 
lumens are identified. The abnormalities may be limited 
to a single segment of large bowel, or they can involve 
the entire colon (fig. 6.90). Symptoms will depend on 
whether or not there is communication of the duplica- 
tion with the remainder of the colon. Patients with right 
colon duplication are at risk for intussusception. 

Anorectal Anomalies 

Most cases of anorectal anomalies occur in association 
with other congenital malformations. MRI has been suc- 
cessful in evaluating these patients because it directly 
demonstrates the rectal pouch and sphincter muscles in 







Fig. 6.87 Graft-versus-host disease. SGE (a) and immediate (b) and 90-s (c) postgadolinium SGE images in a patient after 
bone marrow transplant. Unenhanced images suggest thickening of multiple loops of small bowel. Immediately after intravenous 
contrast, intense mucosal enhancement of multiple loops of small bowel (arrows, b) is appreciated. On the interstitial-phase image 
(c), enhancement has spread to involve the majority of the wall (arrows). This enhancement pattern reflects hyperemia and capil- 
lary leakage, respectively. The decreased signal intensity of the liver (arrow, a) is consistent with iron overload secondary to multiple 
blood transfusions. (Reprinted with permission from Ascher SM, Semelka RC: MRI of the gastrointestinal tract. In Higgins CB, Hricak 
H, Helms CA (eds.), Magnetic Resonance Imaging of the Body. New York: Raven Press, 1997, p. 677-700.) Sagittal id) and trans- 
verse (e) T2-weighted SS-ETSE and transverse interstitial-phase gadolinium-enhanced fat-suppressed SGE (/") images in a second 
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Fig. 6.87 (Continued) patient after bone marrow transplant. 
There is marked and diffuse wall thickening and increased mural 
enhancement of multiple bowel loops. Coronal T2-weighted 
SS-ETSE (g) and transverse (h) and sagittal (i) interstitial-phase 
gadolinium-enhanced fat-suppressed SGE images in a third patient 
after bone marrow transplant for ALL. There are dilated, fluid-filled 
small bowel loops associated with diffuse enhancement of the 
bowel wall. 



multiple planes. This permits exact determination of the 
location and developmental status of the sphincter 
muscles as well as identification of associated anomalies 
of the kidneys and spine. MRI is also valuable for post- 
operative assessment of the neorectum and sphincteric 
muscles (figs. 6.91 and 6.92) [931. 

Mass Lesions 

Benign Masses 

Polyps and Polyposis Syndromes. Adenomas 
are the most common form of colorectal polyp. Colonic 
adenomatous polyps are the most common large bowel 
neoplasm. All adenomatous polyps arise as the result 



of epithelial proliferative dysplasia or deranged devel- 
opment (fig. 6.93). In this regard, adenomas are precur- 
sor lesions for colorectal adenocarcinoma. Three basic 
patterns of adenomatous polyps are discerned patho- 
logically: tubular, tubulovillous, and villous. Villous 
adenomas are characterized by a neoplastic growth 
composed of fine fingerlets or villi that project from the 
muscularis mucosae to the outer tip of the adenoma 
and show a propensity for the rectum and rectosigmoid 
area. Villous architecture tends to be found more fre- 
quently in larger adenomas and is associated with a 
higher risk of malignancy (fig. 6.94) [94]. Multiple 
colonic adenomas are seen in association with familial 
adenomatous polyposis or Gardner syndrome, whereas 







Fig. 6.88 Normal large bowel. SGE (a) and immediate (b) and 90-s (c) postgadolinium SGE images. Air-filled colon (long 
arrows) and normal small bowel (short arrows) are seen on the precontrast Tl -weighted image (a). After intravenous gadolinium 
administration the walls of the large and small bowel (open arrows, b, c) enhance less than adjacent renal parenchyma (arrowheads, 
b, c) on capillary-phase (b) and interstitial-phase (c) images. Gadolinium-enhanced Tl-weighted fat-suppressed spin-echo image id) 
in another subject demonstrates a normal-appearing sigmoid colon that shows minimal mural enhancement, thin wall, and haustra- 
tions (arrow). Coronal T2-weighted SS-ETSE (e) and coronal SGE (/") images in a third patient demonstrate normal transverse colon 
with multiple haustrations. 





Fig. 6.89 Normal rectum and anal canal. Gadolinium-enhanced 
Tl -weighted fat-suppressed spin-echo image (a) in a man highlights the 
different layers of the rectum (from inner layer to outer layer): high-signal- 
intensity mucosa, low-signal-intensity muscularis mucosa and lamina 
propria, high-signal-intensity submucosa, and low-signal-intensity muscu- 
laris propria. The rectum contains air within the lumen. Gadolinium- 
enhanced Tl -weighted fat-suppressed spin-echo image (b) in a woman 
demonstrates the same enhancement features of the anal canal. Note that 
the anal canal is collapsed and does not contain air. Malrotation. Coronal 
(c) and transverse (d) T2-weighted single-shot echo-train spin-echo and 
coronal (e) and transverse (/") Tl -weighted SGE images demonstrate mal- 
rotation of the small and large bowel. While the small bowel (arrows, c, 
d, /) is located at the midline and right side of the abdomen, the large 
bowel (including the cecum) (open arrows, e,f) is located at the midline 
and the left side of the abdomen. 
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Fig. 6.90 Colonic duplication. T2-weighted spin-echo 
image in a patient with colonic duplication. The uterus (arrow) 
and bladder (b) are anteriorly displaced by two fluid-filled 
viscous structures that represent the rectum (r) and the dupli- 
cation cyst (c). 



multiple colonic hamartomas may be seen in Peutz- 
Jeghers syndrome or juvenile polyposis syndromes. 

A number of polyposis syndromes have been 
described. The most common are familial adenomatous 
polyposis, Gardner and Peutz-Jeghers syndromes, and 
the juvenile polyposis syndromes. Familial adenomatous 
polyposis syndrome is an autosomal dominant disorder 
characterized by numerous adenomas affecting primarily 
the colon and the rectum. Familial adenomatous polypo- 
sis represents a prototype of a hereditary precancerous 
syndrome because the risk of malignant transformation 
to colorectal carcinoma approaches 100%. Patients with 
familial adenomatous polyposis syndrome have an 
increased risk of developing periampullary duodenal 
carcinoma. Gardner syndrome is an autosomal dominant 
condition with diffuse adenomatous polyps, bony abnor- 
malities (osteomas), and soft tissue tumors. Presently 
regarded as a variation of familial adenomatous polypo- 
sis syndrome, Gardner syndrome confers the same risk 
of progression to colon adenocarcinoma. Peutz-Jeghers 
syndrome is an autosomal dominant disorder character- 
ized clinically by skin and mucosal pigmented macules 
and gastrointestinal hamartomas. The hamartomas favor 
the small bowel in 95% of cases, with colonic and 
stomach involvement in up to 25%. Although the ham- 
artomatous polyps themselves do not have malignant 
potential, patients with this syndrome have an increased 



incidence of both benign and malignant tumors arising 
in many organs. Up to 3% of patients with Peutz-Jeghers 
syndrome will develop adenocarcinoma of the stomach 
or duodenum, and 5% of women will have ovarian cysts 
or tumors. There are three distinct syndromes associated 
with juvenile polyps of the alimentary tract: juvenile 
polyposis, gastrointestinal juvenile polyposis, and the 
Cronkhite-Canada syndromes. Hamartomas are common 
to all three syndromes [95, 96]. 

Gadolinium-enhanced fat-suppressed SGE or 3D-GE 
images can demonstrate polyps, whether they occur in 
isolation or in association with a polyposis syndrome. 
Semelka and Marcos reported on the MR appearance of 
polyposis syndromes [65]. In that series, polyps were 
well seen with a combination of gadolinium-enhanced 
fat-suppressed SGE images and T2-weighted single-shot 
echo-train spin-echo images. The importance of dem- 
onstrating polyp enhancement by comparing precon- 
trast and postcontrast fat-suppressed SGE images was 
emphasized, because this observation permitted distinc- 
tion between polyps and colon contents. Polyps smaller 
than 1 cm in familial polyposis syndrome were not com- 
monly observed. The most common appearance is an 
enhancing sessile or pedunculated mass arising from 
the bowel wall and protruding into the lumen (figs. 6.95 
and 6.96). If frondlike polyp morphology or enhance- 
ment is observed, the possibility of a villous adenoma 
should be raised. Similarly, extension beyond the bowel 
wall signifies malignant degeneration. 

Lipomas. Lipomas are the second most common 
benign neoplasm of the large bowel. They usually origi- 
nate in the submucosa. Most are asymptomatic, although 
changes in bowel habits, bleeding, or both have been 
reported in patients with large lesions. The most 
common locations for colonic lipomas are the cecum, 
ascending colon, and sigmoid colon. The MRI appear- 
ance of lipomas with Tl -weighted and fat-suppressed 
Tl -weighted sequences are pathognomonic: high in 
signal intensity on Tl -weighted images and diminished 
in signal intensity on fat-suppressed Tl -weighted images 
(fig. 6.97) [97]. Additional use of out-of-phase SGE may 
demonstrate fat-water black ring phase cancellation sur- 
rounding the polyp (fig. 6.98). Lipomas may also act as 
lead point for intussusceptions (fig. 6.99). 

Other Mesenchymal Neoplasms. Leiomyomas, 
hemangiomas (fig. 6.100), and neurofibromas are all rare. 

Mucocele. A mucocele is defined as a dilatation of 
the appendiceal lumen resulting from mucus accumula- 
tion associated with luminal obstruction. Mucoceles 
are frequently asymptomatic unless they become sec- 
ondarily infected or rupture. Pathologically, it is impor- 
tant to distinguish between nonneoplastic lesions 
(retention) and neoplastic mucoceles. Nonneoplastic 
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Fig. 6.91 Surgical repair of persistent cloaca. Sagittal Tl- 
weighted spin-echo (a), sagittal T2-weighted echo-train spin-echo 
(b), and transverse T2-weighted echo-train spin-echo (c) images. 
A capacious neorectum (r, a-c) is present. The bladder (large 
arrow, a-c) is thick-walled and anteriorly displaced. Absence of 
the vagina is noted. Sagittal T2-weighted SS-ETSE (d) and Tl- 
weighted SGE (e) images in a second patient with cloacal anomaly 
who had undergone multiple surgeries. The levator ani complex 
is diminutive in size, and distal sacral segments are absent. There 
is a fluid-filled structure situated posterior to the uterus that rep- 
resents the anal canal and rectum. 
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Fig. 6.92 Reconstructed imperforate anus. Sagittal T2- 
weighted SS-ETSE (a) image in a 1-year old boy shows that the 
anal canal is situated in an anterior location, just posterior to the 
prostate. The levator ani muscle is intact. Sagittal T2-weighted 
echo-train spin-echo images in a second (b) and a third (c) patient 
demonstrate a markedly dilated air-filled rectum, compressing and 
displacing the bladder anterosuperiorly (arrow, b). 





Fig. 6.93 Adenomatous polyp of rectum. Transverse T2- 
weighted echo-train spin-echo (a) and sagittal interstitial-phase 
gadolinium-enhanced fat-suppressed SGE (b) images. There is a 
1.6-cm polypoid mass (arrows, a, b) arising from the posterior 
wall of the rectum, without evidence of extension beyond the 
rectal wall. 






Fig. 6.94 Villous adenoma. Immediate postgadolinium SGE (a) and interstitial-phase gadolinium-enhanced fat-suppressed SGE 
Qf) images. A polypoid mass is seen within the distal transverse colon. The mass enhances minimally on immediate postgadolinium 
images (a) and in a moderately intense fashion with mild heterogeneity on 2-min postgadolinium image (arrow, b). Coronal T2- 
weighted SS-ETSE (c) and transverse interstitial-phase gadolinium-enhanced fat-suppressed SGE (d) images in a second patient with 
villous adenoma of transverse colon (arrow, d) demonstrate an appearance similar to the previous patient. Most tumors show 
moderately intense enhancement with mild heterogeneity on 2-min postgadolinium interstitial-phase images, reflecting a larger and 
more irregular interstitial space than adjacent normal bowel. Sagittal (e) and coronal (/) single shot echo train spin echo and 
transverse (g) high resolution fast spin echo T2-weighted images and transverse (h, f) and sagittal (7) Tl-weighted fat-suppressed 
postdgadolinium interstitial phase 3D-GE images at 3.0 T demonstrate a villous adenoma (white thick arrows; e-g) located in 




Fig. 6.94 (Continued) the rectosigmoidal junction and an 
adenocarcinoma (white thin arrow, g) located in the anorectal 
junction in another patient. The villous adenoma is seen as a 
pedunculated, broad based polipoid lesion and extends into the 
lumen obliterating the lumen partially. The rectosigmoid wall is 
intact. Both the villous adenoma and adenocarcinoma show het- 
erogeneous and prominent enhancement. Note the presence of a 
few perirectal lymph nodes located in the perirectal soft tissues. 





(b) 




Fig. 6.95 Familial adenomatous polyposis syndrome. Coronal T2-weighted SS-ETSE (a), immediate postgadolinium SGE 
(b), and interstitial-phase gadolinium-enhanced fat-suppressed SGE (c) images. Numerous polyps are seen measuring less than 1 cm 
in diameter in the transverse colon (arrows, a). The signal void of the air in the colon provides good contrast from the soft tissue 
polyps on the T2-weighted image (a). The polyps are mildly enhanced (arrows) on the immediate postgadolinium image (£>). Polyps 
demonstrate persistent enhancement on interstitial-phase images (arrows, c). This patient underwent total colectomy, which dem- 
onstrated numerous adenomatous polyps. Transverse T2-weighted SS-ETSE (d), SGE (e), and immediate postgadolinium SGE (/") 
images in another patient with familial polyposis syndrome. A 2.5-cm polyp is present that arises in the ascending colon. The high 
signal intensity of the fluid contents of the colon permits good delineation of the low signal intensity of the polyp on the SS-ETSE 
image (arrows, d).The polyp is isointense to the bowel wall on the precontrast Tl-weighted image (arrow, e). On the early post- 
gadolinium image, the polyp shows mild heterogeneous enhancement comparable to the bowel wall. Note the intense enhancement 
of the normal renal cortex, which is greater than the enhancement of the bowel wall or the polyp. This patient underwent sig- 
moidoscopy with biopsy followed by total colectomy (Reprinted with permission from Semelka RC, Marcos HB: Polyposis syn- 
dromes of the gastrointestinal tract. JMagn Reson Imaging 11: 51-55, 2000.). Coronal SS-ETSE (g, h) images in a third patient with 
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(g) (h) 

Fig. 6.95 (Continued) familial adenomatous polyposis demonstrate polypoid lesions in the ascending colon (arrows, g, h). 





Fig. 6.96 Polyposis coli. With dark-lumen water enema contrast MR colonography, multiple colonic polyps can be detected 
in this 12-year-old female patient with polyposis coli. These lesions show an avid contrast enhancement comparing precontrast 
(arrows, a) and postcontrast (arrows, b) Tl -weighted sequences. 



lesions show an inflamed mucosa or hyperplastic 
epithelium. Neoplastic mucoceles are best classified as 
mucinous cystoadenoma or mucinous cystadenocarci- 
noma. In mucinous cystoadenocarcinoma, spread of 
malignant cells beyond the appendix in the form of 
peritoneal implants is frequently present. Pseudomyxoma 
peritonei, with the findings of adenocarcinomatous 
cells, distinguishes this malignant process from simple 
mucinous spillage, which may occur with rupture of a 
retention mucocele or cystadenoma. Because of the 
possibility of an underlying malignancy and the risk of 
rupture, mucoceles should be prophylactically removed. 



T2-weighted single-shot echo-train spin-echo images 
show a high-signal-intensity tubular structure in the 
region of the appendix. Mucoceles have a higher signal 
intensity than simple fluid on Tl -weighted sequences 
owing to their protein content. In uncomplicated 
cases, the wall of the mucocele is thin and enhances 
minimally after intravenous gadolinium administration 
(fig. 6.101). 

Varices. Rectal varices develop in patients with 
portal hypertension. The incidence of hemorrhoids is 
not increased in these patients [98]. 
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Fig. 6.97 Cecal lipoma. SGE (a) and Tl -weighted fat-suppressed spin-echo (b) images. A mass in the cecum is high in signal 
intensity on the Tl -weighted image (arrow, a) and diminishes in signal intensity on the fat-suppressed image (arrow, b). These 
imaging characteristics are pathognomonic for a fat-containing tumor. The cecum is a common location for large bowel lipomas. 
(Reprinted with permission from Shoenut JP, Semelka RC, Silverman R,Yaffe CS, Mickflikier AB: Magnetic resonance imaging evalu- 
ation of the local extent of colorectal mass lesions./ Clin Gastroenterol 17: 248-253, 1993.) 





Fig. 6.98 Cecal lipoma. Precontrast SGE (a), precontrast 
out-of-phase SGE (£>), and 90-s postgadolinium fat-suppressed SGE 
(c) images. A 2-cm mass in the cecum is high in signal intensity in 
the precontrast SGE image (arrow, a) and demonstrates a phase 
cancellation artifact in the out-of-phase SGE image (arrow, b). 
Markedly diminished signal intensity of the mass is noted on post- 
contrast fat-suppressed SGE image (arrow, c). (Reprinted with 
permission from Chung JJ, Semelka RC, Martin DR, Marcos HB: 
Colon diseases: MR evaluation using combined T2-weighted sin- 
gle-shot echo train spin-echo and gadolinium-enhanced spoiled 
gradient-echo sequences. / Magn Reson Imaging 12: 297-305, 
2000.) 
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Fig. 6.99 Colonic lipoma as a lead point for intussusception. Coronal (a) and transverse (b) SS-ETSE, precontrast SGE (c), 
and 90-s postgadolinium fat-suppressed SGE (d, e) images. There is a lipoma situated within the lumen of the mid-transverse colon 
(arrow, c) at the end of a colo-colonic intussusception (arrows, a, b), which arose from the mid-ascending colon. 
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Fig. 6.100 Hemangiomatous infiltration in Klippel— 
Trenaunay syndrome. Sagittal (a) and transverse (£>) T2- 
weighted ETSE and transverse SGE (c) images in a patient with 
Kippel-Trenaunay syndrome. The intrapelvic fat is extensively 
infiltrated with hemangiomatous tissue. The wall of the rectum 
and anal canal are noted to be expanded (arrows, a) because of 
hemangiomatous infiltration. Note also the extensive infiltrative 
hemangiomas involving the soft tissues of the pelvis and right 
gluteal region, which is expanded. 





Fig. 6.101 Mucocele of the appendix. SGE (a), fat-suppressed SGE (&), SS-ETSE (c), sagittal SS-ETSE (d), and immediate 
postgadolinium fat-suppressed SGE (e) images. An oblong-shaped mucocele of the appendix is present (arrow, a) that contains 
high-signal-intensity material in the dependent portion of the cyst on the Tl -weighted image (a), which is accentuated with the 
application of fat suppression (£>). The mucocele is high in signal intensity on the T2-weighted image, with slight heterogeneity in 
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Fig. 6.101 (Continued) the dependent portion (c). The sag- 
ittal-plane image (d) shows the orientation of the mucocele (small 
arrows, d) to the base of the cecum (arrow, d) and the relation- 
ship to the bladder (b, d). No appreciable enhancement of the 
mucocele wall is noted on the postgadolinium image (e), which 
excludes the diagnosis of abscess. Sagittal (f) and transverse (g) 
SS-ETSE and interstitial-phase gadolinium-enhanced SGE (h) images 
in a second patient show a large cystic mass in the lower right 
quadrant of the abdomen extending into the pelvic inlet. Note the 
presence of septations and a thin rim of enhancement. 
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Malignant Masses 

Adenocarcinoma. Adenocarcinoma of the colon is 
the most common gastrointestinal tract malignancy and 
the second most common visceral cancer in North 
America. The estimated incidence in the United States is 
138,000 new cases per year, and the 5-year survival is 
50-60% [391. The incidence of adenocarcinoma of the 
colon increases with advancing age. Sporadic cancers 
are increased in first-degree family relatives of patients 
with known colorectal carcinoma. Other conditions that 
predispose to the development of colon cancer include 
familial adenomatous polyposis, Gardner syndrome, 
Lynch syndrome, ulcerative colitis, Crohn colitis, and 
previous ureterosigmoidostomies. Cancers occur most 
often in the rectosigmoid colon, but right-sided cancers 
are reported to occur in increasing frequency [991. 
Tumors may be polypoid, circumferential ("apple core"), 
or plaquelike. Symptoms reflect tumor location and mor- 
phology, with most patients reporting a combination of 
change in bowel habits, bleeding, pain, and weight loss. 
A TNM system is used for staging (Table 6.3). 

Good correlation is observed between gadolinium- 
enhanced fat-suppressed MRI techniques and surgical 
specimens for tumor size, bowel wall involvement, peri- 
tumoral extension, and lymph node detection [5]. 



Table 6.3 TNM Staging for Cancer of the 
Colon 



T — Primary Tumor 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Pre-invasive carcinoma (carcinoma in situ) 

T1 Tumor limited to the mucosa or mucosa and submucosa 

T2 Tumor with extension to muscle or muscle and serosa 

T3 Tumor with extension beyond the colon to immediately 
contiguous structures 

T3a Tumor without fistula formation 

T3b Tumor with fistula formation 

T4 Tumor with deep infiltration occupying more than one-half 
but not more than one region or extending to neighboring 
structures 

N — Regional lymph nodes 

Nx Regional lymph nodes cannot be assessed 

NO No evidence of regional lymph node metastasis 

N1 Evidence of regional lymph node involvement 

N2, N3 Not applicable 

N4 Evidence of involvement of juxta-regional lymph nodes 

M — Metastases 

Mx Distant metastases cannot be assessed 
M0 No distant metastases 
M1 Distant metastases 



Malignant lymph nodes are usually not enlarged in 
gastrointestinal adenocarcinoma. However, the pres- 
ence of more than five lymph nodes that measure 
smaller than 1cm in a regional distribution related to 
the tumor correlates well with tumor involvement. All 
segments of the colon and the appendix are well shown 
on MR images. The combination of T2-weighted single- 
shot echo-train spin-echo and gadolinium-enhanced fat- 
suppressed SGE or 3D-GE images results in the most 
reproducible image quality for the colon above the 
rectum (figs. 6.102-6.109). Rectal and colon cancers 




Fig. 6.102 Appendiceal adenocarcinoma. Gadolinium- 
enhanced Tl -weighted fat-suppressed spin-echo image demon- 
strates heterogeneous enhancing infiltrative tumor arising from 
the appendix (open arrows). 




Fig. 6.103 Colonic adenocarcinoma, cecum. Gadolinium- 
enhanced Tl -weighted fat-suppressed spin-echo image demon- 
strates a large heterogeneous intensely enhancing cecal 
carcinoma (open arrows) that extends to the anterior perito- 
neal wall. Multiple enhancing lymph nodes smaller than 5 mm 
are identified (arrows), which are malignant. 
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Fig. 6.104 Colon adenocarcinoma, ascending colon. Coronal (a) and transverse (b) SS-ETSE and 90-s postgadolinium fat- 
suppressed SGE (c) images. Irregularly thickened bowel wall with intermediate signal intensity representing cancer is noted in the 
ascending colon (arrows, a, b). The cancer enhances in a moderate and slightly heterogeneous fashion. Pericolonic fat infiltration 
is demonstrated in the ascending colon on postcontrast fat-suppressed SGE image as enhancing strands of tissue (arrow, c). Coronal 
SS-ETSE (d), coronal precontrast SGE (e), and transverse immediate postcontrast SGE (/") images in a second patient also demonstrate 
an irregular thickening of the ascending colon wall (arrow, d-f). There is no evidence of pericolonic fat infiltration with sharp 
external margins to the tumor. 
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Fig. 6.105 Colon adenocarcinoma, transverse colon. Coronal SGE (a), SGE (b), immediate postgadolinium SGE (c), and 
90-s postgadolinium fat-suppressed SGE (d) images. A large cancer arises from the transverse colon (small arrows, a). The outer 
margin of the tumor is indistinct (small arrows, b), a finding consistent with lymphovascular extension. The tumor is heterogeneous 
and moderate in signal intensity on capillary-phase (c) and interstitial-phase id) images. 




Fig. 6.106 Colon adenocarcinoma, proximal descend- 
ing colon. Transverse 90-s postgadolinium SGE image demon- 
strates a heterogeneously enhancing tumor (white arrows) in the 
proximal descending colon with prominent enhancing strands in 
the surrounding mesentery consistent with lymphovascular exten- 
sion. Multiple ring-enhancing liver metastases are apparent (black 
arrows). 
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Fig. 6.107 Sigmoid adenocarcinoma. SGE id) and sagittal (b) and coronal (c) SS-ETSE images in a pregnant patient with 
colon cancer. The SGE image shows air-filled colon (open arrows, d) proximal and distal to the 4-cm sigmoid cancer (arrow, a). 
The SS-ETSE images show the primary tumor (arrow, b) and the liver metastases (arrows, c). The gravid uterus is well imaged with 
the single-shot T2-weighted breathing-independent technique (b). SGE (d), sagittal T2-weighted fat-suppressed spin-echo (e), and 
gadolinium-enhanced Tl -weighted fat-suppressed spin-echo (/") images in a second patient with advanced sigmoid adenocarcinoma. 
The precontrast image demonstrates abnormal thickening of the sigmoid colon (open arrows, d) with low-signal-intensity strands 
infiltrating the pericolonic fat (small arrows, d). The primary tumor (open arrows, e, /) and pericolonic extension are well shown 
as high-signal-intensity structures in a low-signal-intensity background on both fat-suppressed T2-weighted (e) and gadolinium- 
enhanced Tl-weighted fat-suppressed (/") images. Multiple small regional malignant lymph nodes are identified (black arrows, e,f). 





Fig. 6.107 (Continued) Transverse 90-s postgadolinium SGE image (g) in a third patient demonstrates a circumferential 4-cm 
sigmoid colon cancer (arrows, g) that does not show lymphovascular extension. Gadolinium-enhanced Tl-weighted fat-suppressed 
spin-echo image (h) in a fourth patient demonstrates an intensely enhancing sigmoid colon cancer (arrow) involving the anterior 
peritoneum. 





Fig. 6.108 Sigmoid adenocarcinoma with peritoneal 
metastases. Transverse SS-ETSE (a) and transverse (b) and sagittal 
(c) 2- to 3-min postgadolinium fat-suppressed SGE images. There 
is a soft tissue enhancing mass in the sigmoid colon representing 
tumor (arrow, a-c). Note the increased peritoneal enhancement 
and thickening (small arrows, c) and large volume of ascites, con- 
sistent with peritoneal disease. 
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Fig. 6.109 Rectosigmoid colon adenocarcinoma. Sagittal SS-ETSE (a) and 90-s postgadolinium fat-suppressed SGE (b) 
images. Markedly thickened tumor mass (large arrows, a) is noted in the rectosigmoid region on the SS-ETSE image. Multiple regional 
lymph nodes less than 1 cm in diameter are well demonstrated in the pelvis (curved arrows, a, b). Small nodes are best shown on 
gadolinium-enhanced fat-suppressed SGE images. (Reprinted with permission from Chung JJ, Semelka RC, Martin DR, Marcos HB: 
Colon diseases: MR evaluation using combined T2-weighted single-shot echo train spin-echo and gadolinium-enhanced spoiled 
gradient-echo sequences. J Magn Reson Imaging 12: 297-305, 2000.) 



benefit from the combined use of gadolinium-enhanced 
fat-suppressed SGE or 3D-GE and high-resolution 
T2-weighted echo-train spin-echo images (fig. 6.110). 
MR colonography employing a bowel cleansing prepa- 
ration and administration of rectal water enema has 
been shown effective in demonstrating small polyps 
(figs. 6.96 and 6.111) and tumors (figs. 6.112, 6.113) 
[90-92]. 

Gadolinium-enhanced fat-suppressed GE imaging is 
valuable in demonstrating perirectal tumor extension, 
regional lymph nodes, and seeding of peritoneum by 
tumor. This reflects the high-contrast resolution of this 
technique for detecting enhancing diseased tissue (figs. 
6.114, 6.115). Thin-section 3D-GE may be of particular 
value to assess tumor extension to the perirectal fascia, 
the presence of which will affect surgical technique and 
patient prognosis. Image acquisition of T2-weighted 
echo-train spin echo or single-shot echo-train spin echo 
after the administration of gadolinium is commonly 
done when abdomen and pelvis studies are combined 
in one examination. As an additional benefit to a short- 
ened MR examination, dependent, concentrated gado- 
linium in the bladder, which is low in signal intensity, 



may increase the conspicuity of high-signal-intensity 
rectal tumor invasion of the bladder wall (see fig. 6.114). 

MRI has established an important role in the evalu- 
ation of rectal cancer based on the combination of 
overall topographic display and appreciation of soft 
tissue contrast resolution [100-102]. One of the strengths 
of MRI is to evaluate the integrity of the mesorectum, 
which may be observed as a thin linear structure that 
envelops the immediate perirectal fat [101, 102]. The 
ability to routinely visualize this thin structure, which is 
low signal on T2 -weighted images and exhibits enhance- 
ment on postgadolinium fat-suppressed images, allows 
for improved staging of rectal cancer and guidance of 
appropriate therapy. A large multicentric European pro- 
spective observational study showed a MRI specificity 
of 92% (327/354, 90% to 95%) in predicting curative 
resection of rectal cancer [103]. 

When feasible, surface torso coils (e.g., phased- 
array torso coil) should be employed to ensure better 
definition of perirectal tumor extension [104]. Phased- 
array torso coils also provide good overall topographic 
display that improves detection of features such as 
regional lymph nodes. 



THE LARGE INTESTINE 



849 





Fig. 6.110 Rectal adenocarcinoma. Sagittal and transverse postgadolinium high-resolution T2-weighted echo-train spin-echo 
(a, b) and sagittal and transverse postgadolinium fat-suppressed SGE (c, d) images in a patient with advanced colon cancer. A large 
rectal cancer is present (long arrows, a, c). The craniocaudal extent of tumor is well shown on sagittal images (a, c). The tumor 
extends inferiorly in the rectum (arrow, b) to the anal verge. Lymphovascular extension with involved lymph nodes (small arrows, a, 
c, d) is present. At the superior margin, the tumor is mainly posterior in location (open arrow, d). The transition from normal 
colon to tumor (long arrow, d) is clearly shown. Presacral spread of tumor is shown as enhancing tissue on the sagittal gadolinium- 
enhanced fat-suppressed image (arrowheads, c). SGE (e), SS-ETSE (/"), and postgadolinium fat-suppressed SGE (g) images in a 
second patient with rectal adenocarcinoma and similar imaging findings. The rectal tumor (open arrows, e, f, g), lymphovascular 
extension (long arrows, e, g), and perirectal lymph nodes (short arrows, e, g) are well shown. Sagittal and transverse postgadolinium 
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Fig. 6.110 (Continued) 512-resolution T2-weighted echo-train spin-echo (h, f) and interstitial-phase gadolinium-enhanced fat- 
suppressed SGE (/') images in a third patient. Asymmetric tumor involvement of the rectal wall is apparent on the 512-resolution 
T2-weighted images (long arrows, b, i). Tumor penetrates the full thickness of the right aspect of the rectum (short arrow, f). This 
is shown by interruption of the muscular wall that appears low signal intensity on the T2-weighted image (long arrow, /)• On the 
gadolinium-enhanced fat-suppressed SGE image, lower-signal-intensity tumor (arrow, f) penetrates the full thickness of the higher- 
signal-intensity wall. Postgadolinium T2-weighted imaging is a novel technique for assessing possible bladder invasion. Enhancing 
tumor is conspicuous against the low signal intensity produced by concentrated gadolinium excreted into the bladder. In this case, 
the bladder is spared. 



Endorectal coil imaging permits differentiation of 
the anatomic layers of the rectal wall on T2-weighted 
fat-suppressed images [10]. Local staging of rectal car- 
cinoma also benefits from endorectal coil imaging (fig. 
6.116) [9, 10]. 

Recurrence rates for rectosigmoid carcinoma, which 
are reported to range from 8% to 50%, are a function 
of the stage of the primary tumor at initial presentation 
[12]. Tumors tend to recur locally, and curative surgery 
is feasible. The sagittal imaging plane facilitates MRI 
detection of recurrent rectal carcinoma. Using Tl- 
weighted, T2-weighted, and gadolinium-enhanced Tl- 
weighted sequences, one study reported a 93-3% 
accuracy in detecting recurrent disease [12]. Others have 
shown that MRI is superior to conventional CT imaging 
and is more specific than transrectal ultrasound for 



identifying recurrent tumor [11, 13-15]. Specifically, MRI 
correctly diagnosed recurrent rectal carcinoma in 83.2% 
of patients versus transrectal ultrasound, which diag- 
nosed recurrence in only 41.6% [16]. 

Recurrent tumor tends to be low in signal intensity 
on Tl -weighted images and enhances moderately after 
intravenous gadolinium (figs. 6.117-6.119) [6, 11, 105]. 
On T2- weighted images, recurrent tumor usually is 
moderately high in signal intensity. This may be difficult 
to appreciate on echo-train spin-echo sequences 
because the surrounding fat is also moderately high in 
signal intensity on these sequences (see fig. 6.118). 
Caution must be exercised in interpreting images in 
patients with possible recurrent disease on echo-train 
spin-echo sequences: Tumor appears lower in signal 
intensity compared to its appearance on conventional 
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Fig. 6.111 Polyp demonstrated on screening MR colo- 
nography. A 48-year-old male patient undergoing a MR colonog- 
raphy for screening purposes using dark lumen water enema 
contrast. The patient underwent a bowel cleansing procedure 1 
day before the imaging study. A 13-mm-sized pedunculated polyp 
is visualized on the coronal Tl-weighted 3D-GE sequences by 
comparing the precontrast (arrow, a) and postcontrast (arrow, b) 
images to demonstrate contrast enhancement. This helps discrimi- 
nate an enhancing polyp from potentially confounding remnant 
stool. The polyp can also be demonstrated on coronal true-FISP 
(arrow, c), on interstitial-phase Tl-weighted fat suppressed 3D- 
GE (arrow, d), as well as on a virtual endoscopic reconstruction 
(arrow, e). 
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Fig. 6.112 Adenocarcinoma of the sigmoid colon. A 58-year- 
old male patient with colon adenocarcinoma arising from the sigmoid 
colon showing an apple core lesion growth pattern. The adenocarci- 
noma can be easily depicted on the coronal true-FISP image (arrow, 
a) as well as on the transverse gadolinium-enhanced Tl -weighted 
fat-suppressed 3D-GE image (arrow, b). Simultaneous display of the 
parenchymal abdominal organs show multiple hepatic metastases, 
which can be accurately detected and characterized on gadolinium- 
enhanced Tl -weighted fat-suppressed 3D-GE image (arrows, c), 
whereas the diagnosis is difficult to make on true-FISP images (open 
arrows, a). 




spin-echo sequences. This reflects the relatively high 
signal intensity of fat on echo-train spin-echo sequences. 
Demonstration of sacral invasion is well shown 
on T2-weighted fat-suppressed echo-train spin-echo 
and gadolinium-enhanced Tl -weighted fat-suppressed 
images. Marrow is low in signal intensity on both of 
these sequences, particularly in the setting of postradia- 
tion fatty replacement, which is often present in these 
patients, and tumor extension is conspicuous because 
of its high signal intensity (figs. 6.120, 6.121). In the 
assessment of sacral involvement, imaging in the sagittal 
plane is essential for visualizing invasion of the cortex 
of the sacrum. In selected cases, oblique coronal images 
(following the angulation of the sacrum) are helpful 
(see fig. 6.120). Recurrent tumor often has a nodular 
configuration. Recurrent rectosigmoid cancer and post- 
treatment (surgical and/or radiation) fibrosis frequently 
coexist (figs. 6.121, 6.122). 



Postradiation fibrosis in patients more than 1 year 
after therapy often demonstrates low signal intensity in 
the surgical bed on Tl- and T2-weighted images and may 
show negligible enhancement after intravenous gado- 
linium administration (fig. 6.123) [6, 11, 106]. Enhancement 
of fibrosis with gadolinium, particularly on fat-suppressed 
images, often persists for 1.5-2 years after therapy, which 
is longer than the period of time that fibrosis is high in 
signal intensity on T2 -weighted images. Morphologically, 
fibrosis often has a plaquelike appearance. Unfortunately, 
the imaging features of postradiation changes, especially 
in patients receiving doses in excess of 45 Gy, may not 
always follow a predictable time course, and overlap in 
signal behavior between recurrent tumor and posttreat- 
ment fibrosis exists [105]. On echo-train spin-echo images, 
the high signal intensity of fat admixed with fibrous tissue 
may simulate recurrence (fig. 6.124). Although the T2- 
weighted signal intensity of fibrosis usually decreases 1 





Fig. 6.113 Multifocal adenocarcinoma and polyp. A 61 -year- 
old female patient is examined with dark-lumen water enema contrast 
MR colonography in conjunction with contrast-enhanced Tl-weighted 
imaging after a bowel cleansing preparation. A stenotic tumor in the 
sigmoid colon is conspicuous and demonstrated as an enhancing mass 
(arrow, a). In addition, a pedunculated polyp is noted in the descend- 
ing colon (arrow, b) and a metachronous second focus of adenocarci- 
noma is identified near the hepatic flexure (arrow, c). In this patient, 
a conventional colonoscopy only demonstrated the distal sigmoid 
lesion, but because of the stenotic nature of this mass, the scope could 
not be passed and the more proximal lesions were not observed. 




Fig. 6.114 Rectal cancer. Transverse T2-weighted ETSE (a) and interstitial-phase gadolinium-enhanced SGE (b) images. There 
is a soft tissue mass involving the wall of the rectosigmoid with gross tumor extension through the left aspect of the wall 
(arrow, a). Small regional lymph nodes are also identified (arrow, b). Sagittal postgadolinium SS-ETSE (c) and interstitial-phase 
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Fig. 6. W4l (Continued) gadolinium-enhanced SGE (d) 
images in a second patient demonstrate circumferential thicken- 
ing of the rectum with infiltration of perirectal fat (large arrow, 
d). Small regional nodes are present (small arrow, d). Transverse 
SS-ETSE (e) and interstitial-phase gadolinium-enhanced SGE (/") 
images in a third patient also show diffuse thickening of the rectal 
wall associated with stranding of perirectal fat and small perirectal 
nodes. Sagittal T2-weighted ETSE (g) image in a fourth patient 
demonstrates similar features. Small regional nodes are present 
(arrow, g). 
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Fig. 6.115 Rectal adenocarcinoma. Sagittal (a) and transverse (b, c) interstitial-phase gadolinium-enhanced fat-suppressed 
SGE images demonstrate a large rectal adenocarcinoma (arrows, a) with prominent lymphovascular extension and multiple small 
malignant lymph nodes (arrows, b, c). The sagittal imaging plane (a) highlights the inferior and superior extent of the tumor. 
Transverse gadolinium-enhanced fat-suppressed SGE (d) and sagittal postgadolinium SGE (e) images in a second patient demonstrate 
a large rectal cancer (open arrows, d) that has prominent lymphovascular invasion. Invasion of adjacent small bowel (arrow, d, e) 
is shown. Sagittal T2-weighted single-shot echo-train spin-echo (/"), transverse T2-weighted high-resolution fast spin-echo (g), and 
transverse Tl-weighted postgadolinium interstitial-phase fat-suppressed 3D-GE (h, i) images at 3.0 T demonstrate rectal adenocar- 
cinoma in another patient. The rectal wall is diffusely thickened (arrow, h) and shows intense enhancement (arrow, h) due to 




Fig. 6.115 (Continued) tumoral involvement. Note that there are spiculations (arrow, i) extending from the rectal wall to 
surrounding perirectal soft tissue, suggesting the presence of serosal invasion. Perirectal lymph nodes (arrow, g) are also detected. 
Transverse (/') and sagittal (k) T2-weighted high-resolution fast spin-echo and transverse Tl -weighted postgadolinium interstitial- 
phase fat-suppressed 3D-GE (/) images at 3.0 T demonstrate a complex structure containing cystic Cj-0 and solid (black arrows, 
j-V) components in another patient with rectal adenocarcinoma. High-resolution imaging is helpful for the staging. The vagina 
(arrows, j, k) is displaced anteriorly without any invasion. The wall and the solid component of the tumor show intense 
enhancement. 
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Fig. 6.116 Endorectal coil imaging of rectal cancer. Gadolinium-enhanced Tl -weighted image (a) demonstrates a T2 rectal 
cancer (long arrows). Preservation of low-signal-intensity muscular wall (short arrows, a) along the outer margin of the tumor 
confirms lack of full-thickness involvement. Gadolinium-enhanced Tl -weighted fat-suppressed spin-echo image (b) in a second 
patient with T3 rectal cancer. Heterogeneous moderate enhancing tumor (long arrows, b) is noted to extend beyond the confines 
of muscularis propria (short arrows, b). [Courtesy of Rahel A. Kubik Huch.] 





Fig. 6.117 Recurrent rectal adenocarcinoma. Sagittal and transverse T2-weighted echo-train spin-echo (a, b) and interstitial- 
phase gadolinium-enhanced Tl -weighted fat-suppressed spin-echo (c) images. A large heterogeneous mass occupies the rectal fossa, 
a finding consistent with recurrence. Recurrent tumors are usually moderately high in signal intensity on T2-weighted images 
(long arrows, a, b) and enhance moderately after intravenous contrast (long arrows, c). Central necrosis is well shown on the 
gadolinium-enhanced Tl -weighted fat-suppressed image. The tumor is contiguous with the bladder wall (short arrow, a-c), but the 
low signal intensity of the bladder wall on the T2-weighted images shows that the bladder wall is not invaded. Sagittal and 
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Fig. 6.117 (Continued) transverse postgadolinium 512- 
resolution T2-weighted echo-train spin-echo (d, e) and sagittal and 
transverse interstitial-phase gadolinium-enhanced fat-suppressed 
SGE (f, g) images in a second patient with recurrent rectal tumor. 
The 512-resolution T2-weighted images show a large heteroge- 
neous tumor in the rectal bed (arrows, d, e). Low-signal-intensity 
urine reflects concentrated gadolinium dependently. The gadolin- 
ium-enhanced fat-suppressed SGE images (f, g) demonstrate exten- 
sive recurrent disease involving the rectal fossa, rectovesical space 
(arrows, /, g), presacral space (open arrows, /), and sciatic 
foramina. 




year after radiation, granulation tissue may show persis- 
tent high signal intensity up to 3 years after therapy, 
particularly if intervening inflammation or infection has 
developed. Persistent increased signal intensity is most 
pronounced on gadolinium-enhanced Tl -weighted fat- 
suppressed images. Finally, recurrent tumor may mimic 
radiation fibrosis when desmoplastic features predomi- 
nate [6, 11]. Clinical history will often aid radiologic 



diagnosis: elevation of CEA levels, onset of presacral 
pain, or both, are harbingers of tumor recurrence irre- 
spective of imaging features. 

Evidence of distant metastases in the setting of 
recurrent disease is also well shown with MRI. Liver 
metastases are optimally shown on MRI, and peritoneal 
disease and lymphadenopathy are also revealed (see 
fig. 6.119). 
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Fig. 6.118 Recurrent rectal cancer. Transverse (a) and sagittal (b) T2-weighted postcontrast SS-ETSE and sagittal interstitial- 
phase gadolinium-enhanced SGE (c) images in a patient after abdominoperineal resection (APR) for rectal cancer. There is a 4-cm 
mass in the right presacral space that is mildly heterogeneous on T2 (arrow, a) and heterogeneously enhancing consistent with 
tumor recurrence. Note the abnormal posterior position of the bladder after APR surgery. T2-weighted SS-ETSE (d) and interstitial- 
phase gadolinium-enhanced SGE (e) images in a second patient demonstrate an irregular presacral mass, which enhances hetero- 
geneously after gadolinium administration. T2-weighted ETSE (/") image in a third patient with tumor recurrence also shows a mass 
(arrow, /) in the presacral space. 
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Fig. 6.119 Colon cancer with peritoneal disease and hepatic metastases. Transverse (a) and sagittal (£>) T2-weighted 
SSETSE, transverse immediate postgadolinium SGE (c), and 90-s postgadolinium fat-suppressed SGE (d) images demonstrate a large 
recurrent rectal carcinoma in the presacral space, with extensive local infiltration in the pelvis (arrows, a,b). Immediate postgado- 
linium image demonstrates the presence of hepatic metastases (arrows, c). The peritoneal involvement in the upper abdomen is 
well shown on interstitial-phase postcontrast image (arrow, d). 



Squamous Cell Carcinoma. Squamous cell cancer 
occurs in the anal canal, and its imaging characteristics 
resemble those of adenocarcinoma. Evaluation of local 
and distant spread is aided by gadolinium-enhanced 
fat-suppressed SGE or 3D-GE images (fig. 6.125). 

GIST. Less than 10% of GISTs are seen in the colon 
and rectum (fig. 6.125). MR imaging findings are similar 
to the findings of gastric or small bowel GISTs. 

Lymphoma. Primary non-Hodgkin lymphoma 
accounts for approximately 0.5% of all colorectal malig- 



nancies. Primary lymphoma is most often seen in patients 
with human immunodeficiency virus (HIV) infection or 
chronic ulcerative colitis [107, 108]. The cecum is the 
most common site of involvement, followed by the rec- 
tosigmoid colon. Secondary involvement of the colon by 
lymphoma occurs in the setting of widespread disease, 
especially in the elderly population. The MRI appear- 
ance includes isolated or multiple enhancing masses. 
Alternatively, diffuse nodularity with wall thickening 
may be seen after intravenous gadolinium administration 
(fig. 6.126) [48, 49]. Coexistent lymphadenopathy and 
splenic lesions may aid in the diagnosis. 
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Fig. 6.120 Recurrent rectal adenocarcinoma invading 
sacrum. Sagittal Tl-weighted SGE (a), sagittal 512-resolution T2- 
weighted fat-suppressed echo-train spin-echo (£>), and oblique 
coronal postgadolinium fat-suppressed SGE (c, d) images. A large 
recurrent tumor mass invades the sacrum and is intermediate in 
signal intensity on the Tl-weighted image (arrow, a) and hetero- 
geneously high in signal intensity on the T2-weighted image (arrow, 
b). After contrast the tumor enhances heterogeneously (open 
arrows, c, d) and contains an area of central necrosis (long arrow, 
c). SI and S2 sacral segments are not involved, and uninvolved SI 
and S2 nerve roots are shown (short arrows, c, d). Sparing of 
the upper two sacral segments is a finding on which surgeons 
used to base surgical resection. At surgery, the upper margin of 
the tumor involved S3, sparing the S2 sacral segment. Sagittal 
512-resolution T2-weighted echo-train spin-echo image (e) in a 
second patient demonstrates sacral invasion by a large recurrent 
rectal adenocarcinoma (arrows). This tumor involves the entire 
sacrum and precludes a surgical resection attempt. Surgical clip 
from prior resection produces a signal-void susceptibility artifact 
(arrowhead, e). 
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Fig. 6.121 Recurrent rectal carcinoma with bone metas- 
tases. T2-weighted SS-ETSE (a) and transverse (b, c) and sagittal 
id) interstitial-phase gadolinium-enhanced SGE images. A soft 
tissue mass is present in the left presacral region. The tumor dem- 
onstrates peripheral enhancement. Additionally, there are multi- 
ple enhancing lesions within the bone marrow of the sacrum and 
pelvis (arrows, b-d), consistent with metastases. Transverse (e) 
and sagittal (/") interstitial-phase gadolinium-enhanced SGE images 
in a second patient show presacral abnormalities consistent with 
tumor recurrence associated with radiation changes. Note the 
presence of metastatic lesions (arrows, e, /) within the sacrum 
and left iliacus. 
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Fig. 6.121 (Continued) 





Fig. 6.122 Recurrent rectal adenocarcinoma and postradiation therapy changes. Sagittal postgadolinium 512-resolution 
T2-weighted fat-suppressed echo-train spin-echo (a) and sagittal interstitial-phase gadolinium-enhanced fat-suppressed SGE (b) 
images in a woman status post radiotherapy for rectal adenocarcinoma. Recurrent tumor is high in signal intensity on the T2- 
weighted fat-suppressed image and enhances after gadolinium administration (open arrows, a, b). Cervical stenosis (arrow, a) 
secondary to radiation therapy causes widening of the proximal endocervical and endometrial canal. 
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Fig. 6.123 Posttreatment fibrosis. Transverse (a) and sagittal (b, c) 512-resolution T2-weighted echo-train spin-echo images 
demonstrate low signal intensity in the surgical bed (arrows, a-c) consistent with fibrosis. Fibrosis has a plaquelike morphology, 
whereas recurrence tends to be more nodular. A Foley catheter is in place (long arrow, b). SGE (d) and 4-min postgadolinium SGE 
(e) images in a second patient show thickening of the rectal wall (long arrows, d, e) and perirectal tissue (arrowheads, d, e). 
Prominent perirectal strands are also present (short arrows, d, e). Negligible enhancement is consistent with perirectal fibrosis. The 
perirectal halo of fibrotic tissue is a common finding after radiation therapy for rectal cancer. Sagittal (/") and transverse (g) 512- 
resolution T2-weighted fat-suppressed echo-train spin-echo images and interstitial-phase gadolinium-enhanced fat-suppressed SGE 
image (h) in a third patient demonstrate platelike tissue in the presacral space that is low in signal intensity on T2-weighted images 
(arrows,/, g) and does not enhance substantially after gadolinium administration (arrow, h). Normal seminal vesicles have a cluster- 
of-grapes appearance (large arrow, g) on T2-weighted images, which permits distinction from recurrent tumor. 
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Fig. 6.123 (Continued) 





Fig. 6.124 Radiation fibrosis simulating recurrence. Sagittal (a) and transverse (b) postgadolinium 512-resolution T2- 
weighted echo-train spin-echo and sagittal (c) and transverse id) interstitial-phase gadolinium-enhanced fat-suppressed SGE images 
in a patient 1.5 years after treatment for rectal cancer. Heterogeneous, bulky high-signal-intensity tissue occupies the rectal fossa 
(open arrows, a, b), on the T2-weighted echo-train spin-echo images, worrisome for recurrent disease. Other diagnostic possibilities 
include granulation tissue associated with radiation, inflammation, or infection. The heterogeneity is misleading because it reflects 
low-signal-intensity fibrotic tissue interspersed with high-signal-intensity fat. The high signal of fat is a consequence of the echo-train 
spin-echo technique. Minimal enhancement on the gadolinium-enhanced fat-suppressed SGE is consistent with fibrosis (open 
arrows, c, d). The seminal vesicles are distinguished from tissue in the rectal bed by the normal high signal intensity and grapelike 
morphology on the T2-weighted image (arrow, a). 
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Fig. 6.125 Squamous cell carcinoma of anal canal. T2- 

weighted SS-ETSE (a) and interstitial-phase gadolinium-enhanced 
SGE (b) images. There is a diffuse wall thickening of the anal canal 
associated with stranding in the perianal fat, consistent with 
cancer (arrow, b). Note the necrotic left inguinal lymph node, 
which contains central high signal on T2 (arrow, a) and is cen- 
trally low signal with intense peripheral enhancement on postg- 
adolinium fat-suppressed Tl -weighted image. Rectal GIST. Sagittal 
T2-weighted single-shot echo-train spin-echo (c), transverse T2- 
weighted high-resolution fast spin-echo (d), and transverse Tl- 
weighted postgadolinium fat-suppressed interstitial phase 3D-GE 
(e) images demonstrate a rectal GIST in another patient. The 
tumor is located eccentrically and arises from the anterolateral 
aspect of the rectum. The tumor shows heterogeneous high signal 
on T2-weighted image and contains central necrosis. It invades 
the right internal obturator muscle (white arrow, e) laterally and 
perirectal soft tissue (black arrow, e) posteriorly. The rectal wall 
is also thickened, suggesting the tumoral involvement posteriorly. 
Note that an enlarged right inguinal lymph node (open arrow, e) 
is present. 
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Fig. 6.126 Colonic lymphoma. Gadolinium-enhanced Tl -weighted fat-suppressed spin-echo images (a, b) in two patients 
with lymphoma. In the first patient with Burkitt lymphoma (a), there is enhancing soft tissue in both paracolic gutters (arrows), 
thickening of the descending colon (long arrow), and ill-defined stranding in the mesentery. Note the diffuse enhancing bone 
marrow involvement. The second patient (b) has HIV infection and a primary rectal lymphoma (arrow). HIV patients are at risk for 
developing primary large bowel lymphoma. (Reprinted with permission from Shoenut JP, Semelka RC, Silverman R, Yaffe CS, 
Mickflikier AB: The gastrointestinal tract. In Semelka RC, Shoenut JP (eds.), MRI of the Abdomen with CT Correlation. New York: 
Raven Press, 1993, pp. 119-143.) 



Carcinoid Tumors. The rectum is a common 
location for carcinoid tumor (fig. 6.127). A retrospective 
report of 170 carcinoid tumors found that 94 (55%) were 
primary rectal lesions. Larger tumors were associated 
with metastatic disease and poor survival [109]. The 
imaging features of carcinoid tumors have been dis- 
cussed elsewhere. As with other rectal diseases, direct 
sagittal-plane imaging is useful. Liver metastases are 
best studied with dynamic gadolinium-enhanced SGE 
or 3D-GE technique. 

Melanoma. Primary colonic melanoma is rare and 
carries a poor prognosis [110]. Owing to the paramag- 
netic effects of melanin, the lesion can have character- 
istic high signal intensity on Tl -weighted images (fig. 
6.128). Tumors may demonstrate ring enhancement 
after gadolinium administration. 

Metastases. The large intestine may be the site of 
metastasis from a number of tumors including lung and 
breast carcinoma. The most common mode of secondary 
colonic involvement is peritoneal seeding [111]. Ovarian 
carcinoma commonly extends along peritoneal surfaces 
to involve the large bowel. Prostate or cervical carcinoma 
may affect the rectum by direct extension. Colorectal 
involvement is well shown on gadolinium-enhanced fat- 
suppressed Tl-weighted images [71] (fig. 6.129). 

Inflammatory and Infectious Disorders 

Ulcerative Colitis 

Ulcerative colitis is a chronic ulcero-inflammatory 
disease limited to the large bowel. It has a predictable 



distribution: disease begins in the rectum and extends 
proximally in a continuous fashion to involve part or 
all of the colon. "Skip" lesions, such as occur in Crohn 
disease, are absent. The incidence of ulcerative colitis 
is greatest in the second through fourth decades of life. 
There is a Caucasian, Jewish, and female predominance, 
and a positive family history is reported in up to 25% 
of cases [112]. The cause is unknown, but, similar to 
Crohn disease, a multifactorial etiology has been pos- 
tulated. Ulcerative colitis is variable in presentation, but 
symptoms tend to be indolent with intermittent diarrhea 
and rectal bleeding. Patients with ulcerative colitis are 
at risk for developing toxic megacolon, which may be 
the presenting feature. Chronic ulcerative colitis is asso- 
ciated with an increased risk of colon cancer. 

In contrast to Crohn disease, which affects full- 
thickness bowel wall, ulcerative colitis is a mucosal 
disease. In active ulcerative colitis, there are multifocal 
full-thickness ulcerations of the mucosa. Adjacent to 
these sites, edematous, inflammatory tags of mucosa 
may bulge upward toward the lumen as "pseudopol- 
yps." In longstanding ulcerative colitis, intestinal short- 
ening with loss of haustral folds may occur. This 
abnormality is ascribed to muscular abnormalities and 
is most marked in the distal colon and rectum. 

The MRI appearance of ulcerative colitis reflects the 
underlying physiology: 1) rectal involvement progress- 
ing in a retrograde fashion to involve a variable amount 
of colon and 2) submucosal sparing (fig. 6.130). The 
latter is especially well seen on gadolinium-enhanced 
fat-suppressed SGE or 3D-GE images showing marked 
mucosal enhancement and negligible submucosal 
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Fig. 6.127 Rectal carcinoid recurrence associated with abscess. Transverse (a) and sagittal (b) postgadolinium T2- 
weighted SS-ETSE and transverse (c) and sagittal id) interstitial-phase gadolinium-enhanced Tl -weighted SGE fat-suppressed images. 
There is thickening and enhancement of the rectal wall (arrow, c) associated with soft tissue stranding within the pelvis. An air-fluid 
level is present in the presacral space (arrow, a, £>), consistent with a small abscess. 



enhancement. Comparable to other inflammatory pro- 
cesses, the vasa rectae are prominent. The appearance 
of submucosal sparing is particularly pronounced in 
longstanding disease because of the combination of 
submucosal edema and lymphangiectasia [1-3, 6]. 

Toxic megacolon is characterized by total or seg- 
mental colonic dilatation with loss of its contractile 
ability. Toxic megacolon usually affects patients with 
universal colonic involvement ("pancolitis") and, unlike 



acute exacerbation and chronic indolent ulcerative 
colitis, is a transmural process. The entire bowel wall 
enhances after intravenous contrast administration (fig. 
6.131). Patients are prostrate with debilitating bloody 
diarrhea, fever, leukocytosis, and abdominal pain. 

Inflammatory bowel disease may be exacerbated 
during pregnancy. These patients are particularly well 
suited for MR examination because of the relative safety 
of the procedure (fig. 6.132). 
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Fig. 6.128 Anorectal malignant melanoma. SGE (a) and gadolinium-enhanced Tl-weighted fat-suppressed spin-echo (b) 
images in a patient with melanoma. Melanoma may be bright on Tl-weighted sequences (arrow, a) owing to the paramagnetic 
properties of melanin. Rim enhancement is apparent after contrast and allows accurate determination of mural extent (arrow, b) 
(Reprinted with permission from Shoenut JP, Semelka RC, Silverman R, Yaffe CS, Mickflikier AB: The gastrointestinal tract. In 
Semelka RC, Shoenut JP (eds.), MRI of the Abdomen with CT Correlation. New York: Raven Press, 1993, pp. 119-143.) 




Fig. 6.129 Ovarian carcinoma metastatic to colon. 

Gadolinium-enhanced Tl-weighted fat-suppressed spin-echo 
image in a patient with metastatic ovarian carcinoma. A 
complex cystic mass (m) encases the sigmoid colon (long 
arrow) and invades the rectum (short arrows). Tumor exten- 
sion is clearly defined as enhancing tissue in a background of 
suppressed fat. (Reprinted with permission from Shoenut JP, 
Semelka RC, Silverman R, Yaffe CS, Mickflikier AB: The gastro- 
intestinal tract. In Semelka RC, Shoenut JP (eds.), MRI of the 
Abdomen with CT Correlation. New York: Raven Press, 1993, 
p. 119-143.) 



Crohn Colitis 

Isolated colon involvement is noted in approximately 
one-fourth of cases. When Crohn colitis is limited to the 
anorectal region, differentiation from ulcerative colitis 
may be difficult [74]. In rare instances, Crohn colitis also 
may present with toxic megacolon (fig. 6.133). Crohn 



colitis is distinguished from ulcerative colitis by the fol- 
lowing features: 1) persistence of colonic redundancy 
and haustrations in pancolonic disease and 2) transmu- 
ral enhancement, which at times may show the most 
intense enhancement in the submucosal layer, a layer 
that is spared in ulcerative colitis (fig. 6.134). As with 
ulcerative colitis, submucosal edema may also be 
present (fig. 6.135). 

Diverticulitis 

Diverticula occur throughout the colon and tend to be 
most numerous in the sigmoid colon (fig. 6.136). 
Inflamed diverticula favor the left colon, whereas hem- 
orrhagic diverticula tend to occur in the right colon. 
Several studies have shown cross-sectional imaging to 
be equivalent to, and in some cases superior to, barium 
enema in the evaluation of diverticulitis (fig. 6.137) [113, 
114]. Bowel wall thickening and diverticular abscesses 
are well seen with a combination of gadolinium- 
enhanced fat-suppressed Tl-weighted SGE or 3D-GE 
images and T2-weighted single-shot echo-train spin 
echo images (figs. 6.138 and 6.139) [115]. Similarly, 
sinus tracts and fistulas can be identified with this 
technique. On unenhanced Tl-weighted SGE images, 
inflammatory changes appear as low-signal-intensity 
curvilinear strands located within the high signal inten- 
sity of the pericolonic fat. Sinus tracts, fistulas, and 
abscess walls enhance and are well shown in a back- 
ground of suppressed fat on gadolinium-enhanced fat- 
suppressed SGE or 3D-GE images. It may be difficult to 
distinguish a perforated colon cancer from diverticulitis, 
and the two may coexist (fig. 6.140). 





Fig. 6.130 Ulcerative colitis. Immediate postgadolinium SGE (a) and gadolinium-enhanced Tl-weighted fat-suppressed spin- 
echo (b) images in a patient with ulcerative colitis. Increased enhancement on the immediate postgadolinium image (a) reflects 
increased capillary blood flow observed in severe disease. On the interstitial-phase image (£>), there is marked mucosal enhancement 
with prominent vasa rectae (short arrows) and submucosal sparing (long arrows). Transverse (c) and sagittal id) T2-weighted single- 
shot echo-train spin-echo, and transverse (e) and sagittal (/") postgadolinium fat-suppressed Tl-weighted SGE images demonstrate 
ulcerative colitis and ascites in another patient. Submucosal edema (arrow, c) is detected in the sigmoid colon on T2-weighted 
images (c, d). Prominent mucosal enhancement (arrows, e,f) is detected on postgadolinium images (e,/). Note that no haustra is 
detected in the sigmoid colon. 





Fig. 6.131 Ulcerative colitis, toxic colon. SGE (a) and 

gadolinium-enhanced Tl -weighted fat-suppressed spin-echo (b, c) 
images. The precontrast image shows irregular low-signal-intensity 
strands (arrows, a) related to a thick-walled sigmoid colon. After 
contrast there is marked mural enhancement. Enhancement of the 
pericolonic strands reflects prominent vasa rectae. Submucosal 
sparing is apparent (arrow, c), which is a feature of ulcerative 
colitis. Note the very intense enhancement of the colon wall, 
which appears to involve full thickness in the sigmoid colon. This 
is consistent with the patient's presentation of toxic colon. 




Fig. 6.132 Ulcerative colitis with acute exacerbation in 
pregnancy. Coronal (a) and sagittal (b) T2-weighted SS-ETSE 
images in a pregnant patient with history of ulcerative colitis. 
Diffuse irregular circumferential wall thickening of the descend- 
ing (arrow, b) and sigmoid colon is present. Note the fetus (arrow, 
a) in the gestational sac. 
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Fig. 6.133 Crohn disease presenting as toxic megacolon. 

Gadolinium-enhanced Tl -weighted fat-suppressed spin-echo image 
in a patient with toxic megacolon. Dilatation and full-thickness 
involvement characterize toxic megacolon, a complication of 
inflammatory bowel disease (IBD). Note the prominent vasa rectae 
(arrows), a common finding in the setting of bowel inflammation. 
(Reprinted with permission from ShoenutJP, SemelkaRC, Silverman 
R,Yaffe CS, Mickflikier AB: Magnetic resonance imaging in inflam- 
matory bowel disease./ Clin Gastroenterol 17: 73-78, 1993.) 





Fig. 6.134 Crohn colitis. Gadolinium-enhanced Tl-weighted 
fat-suppressed spin-echo image (a) demonstrates transmural 
enhancement with greater enhancement of the submucosa 
(arrow) than the other bowel wall layers, which is diagnostic of 
Crohn disease and excludes the diagnosis of ulcerative colitis. In 
a second patient with Crohn colitis, gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo image Qf) shows full-thickness 
enhancement of the sigmoid colon (arrowheads). The distribution 
of colon involvement is compatible with ulcerative colitis. 
However, the colon has remained redundant with persistence of 
haustrations despite severe disease. These findings combined with 
transmural enhancement are consistent with Crohn colitis. Note 
the enhancing pericolonic inflammation in both patients. 
(Reprinted with permission from Shoenut JP, Semelka RC, Magro 
CM, Silverman R, Yaffe CS, Mickflikier AB: Comparison of mag- 
netic resonance imaging and endoscopy in distinguishing the type 
and severity of inflammatory bowel diseases./ Clin Gastroenterol 
19: 31-35, 1994) Interstitial-phase gadolinium-enhanced Tl- 
weighted SGE (c) image in a third patient with Crohn colitis shows 
thickening and enhancement of the ascending and descending 
colon (arrows). 







Fig. 6.135 Crohn proctitis. Sagittal T2-weighted postgado- 
linium SS-ETSE (a) and sagittal (b) and transverse (c) interstitial- 
phase gadolinium-enhanced SGE images. Prominent enhancement 
and thickening of the rectal wall are observed. Submucosal edema 
is appreciated as a high-signal stripe on the T2-weighted image 
(arrows, a). There is also diffuse perirectal soft tissue enhance- 
ment consistent with perirectal inflammatory changes. Transverse 
id) and sagittal (e) T2-weighted SS-ETSE images in a second patient 
demonstrate thickening of the rectum associated with sub- 
mucosal edema (arrow, d). Sagittal T2-weighted high-resolution 
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Fig. 6.135 (Continued) fast spin-echo (/") and sagittal Tl-weighted postgadolinium fat-suppressed interstitial phase 3D-GE (g) 
images demonstrate rectal wall thickening and prominent rectal wall enhancement in another patient with Crohn proctitis. Note 
that perirectal tissue shows increased enhancement due to inflammation. 




Fig. 6.136 Diverticulosis. Transverse T2-weighted 3D 
SPACE image demonstrates multiple signal void sacculations 
arising from the sigmoid colon consistent with diverticulosis. 
Diverticula are common and often incidental findings. 
Complications of diverticula include diverticulitis and frank 
abscess. 



Appendicitis 

Diagnostic imaging in cases of appendicitis is typically 
reserved for unusual presentations. Although CT imaging 
and ultrasound have surpassed barium enema in the 
workup of appendicitis [116, 117], MRI has several fea- 
tures that make it an attractive alternative. Specifically, 



MRI has high contrast resolution for inflammatory pro- 
cesses and does not involve ionizing radiation. The 
latter feature is not inconsequential, because appendi- 
citis is most common in children and young adults of 
reproductive age. MRI is especially useful to accurately 
show abdominal and pelvic disease in pregnant patients, 
including appendicitis and appendiceal abscess [118]. 
On gadolinium-enhanced Tl-weighted fat-suppressed 
images, the inflamed appendix and surrounding tissues 
show marked enhancement (fig. 6.141). Inflammatory 
stranding in the surrounding fat is well visualized on 
unenhanced Tl-weighted SGE images. In cases compli- 
cated by a periappendiceal abscess, the abscess wall 
shows enhancement with intravenous contrast adminis- 
tration, whereas the cavity remains signal void (fig. 
6.142). Acute appendicitis can be diagnosed based on 
the findings of noncontrast sequences, particularly T2- 
weighted sequences in pregnant patients (see fig. 6.141). 

Abscess 

Abscess formation may be a complication of gastroin- 
testinal or biliary surgery, diverticulitis, appendicitis, or 
inflammatory bowel disease (IBD). CT imaging and 
ultrasound are the mainstays of diagnosis and have the 
added advantage of ease of percutaneous drainage 
capabilities. For MRI to compete effectively with these 
modalities, automatic table motion, MRI-compatible 
needle and drainage equipment, and ultrafast imaging 
techniques must be in common usage. 
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Fig. 6.137 Diverticulitis. T2-weighted SS-ETSE id) and 90-s 
postgadolinium fat-suppressed SGE (b) images. Marked concentric 
wall thickening of an 8-cm segment of sigmoid colon is noted on 
the T2-weighted SS-ETSE image (arrows, a). The thickness of the 
colon wall measures up to 1 cm. Moderate contrast enhancement 
and marked wall thickening in the sigmoid colon (large arrows, 
b) are shown, with small diverticula (small arrows, b) on the 
postcontrast fat-suppressed SGE image. (Reprinted with permis- 
sion from Chung JJ, Semelka RC, Martin DR, Marcos HB: Colon 
diseases: MR evaluation using combined T2-weighted single-shot 
echo train spin-echo and gadolinium-enhanced spoiled gradient- 
echo sequences. / Magn Reson Imaging 12: 297-305, 2000.) 
Transverse T2-weighted high-resolution fast spin-echo (c) and 
transverse (d) and sagittal (e) Tl -weighted postgadolinium inter- 
stitial-phase fat-suppressed 3D-GE images demonstrate diverticuli- 
tis in another patient. The wall of the sigmoid colon is thickened 
and shows intense enhancement. Multiple diverticula (open 
arrow, d) are detected in the sigmoid colon. Associated inflamma- 
tory stranding (white arrows, c-e) in the mesocolon is detected. 
Note that small abscesses (black arrow, e) are also present. 
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Fig. 6.138 Diverticular abscess. Coronal (a) and sagittal (b) 
SS-ETSE and immediate postgadolinium SGE (c) images. An air and 
fluid-containing collection (open arrow, a, b) originates from the 
descending colon (solid arrows, b, c), a finding consistent with a 
diverticular abscess. On the immediate postgadolinium image, the 
inner wall of the abscess (arrowhead, c) enhances. An air-fluid 
level is apparent on the transverse image (c). T2-weighted single- 
shot echo-train spin-echo id) and Tl -weighted postgadolinium 
fat-suppressed interstitial-phase 3D-GE (e) images demonstrate 
abscesses (white arrows, d, e) in another patient with diverticuli- 
tis. The abscesses show peripheral enhancement. The wall of the 
sigmoid colon is thickened, and there is adjacent inflammation, 
which is seen as enhancing inflammatory tissue (black arrows, d, 
e) along the sigmoid colon. Note that there is another focus of 
inflammatory tissue (open arrows; d, e) on the right side of 
the pelvis. T2-weighted single-shot echo-train spin-echo (/") and 
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Fig. 6.138 (Continued) Tl-weighted postgadolinium fat-suppressed interstitial phase 3D-GE (g) images demonstrate an abscess 
(white arrows, /, g) in another patient with diverticulitis. The abscess shows intense peripheral enhancement. Multiple sigmoid 
diverticula and associated mesenteric inflammation are present. 





Fig. 6.139 Diverticulitis with pericolonic abscess. T2- 

weighted SS-ETSE (a), immediate postgadolinium SGE (£>), and 
90-s postgadolinium fat-suppressed SGE (c) images. An irregularly 
shaped gas collection is noted in the left anterior pararenal space, 
posterior to the descending colon, on the T2-weighted image 
(arrow, a). This appears to be in direct communication with a 
thickened segment of descending colon with an irregular focus of 
mural discontinuity. Multiple small gas pockets in the left retro- 
peritoneal space are also apparent on the immediate postcontrast 
SGE image (curved arrows, b). The involved descending colon 
shows marked contrast enhancement (arrow, c) with an adjacent 
gas-containing abscess in the pericolonic fat on the 90-s postgado- 
linium fat-suppressed SGE image. (Reprinted with permission 
from Chung JJ, Semelka RC, Martin DR, Marcos HB: Colon dis- 
eases: MR evaluation using combined T2-weighted single-shot 
echo train spin-echo and gadolinium-enhanced spoiled gradient- 
echo sequences. J Magn Reson Imaging 12: 297-305, 2000.) 
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Fig. 6.140 Colon cancer with coexistent diverticulitis. 

Gadolinium-enhanced Tl -weighted fat-suppressed spin-echo 
images (a, b) demonstrate a heterogeneously enhancing thick- 
ened segment of sigmoid colon (large arrows, a, b) with an adjoin- 
ing abscess (thin arrow, £>), features that were considered 
compatible with diverticulitis. Colon cancer was found in con- 
junction with diverticulitis at surgery. Diverticulitis mimicking 
colon cancer invading the bladder. Transverse non-fat- 
suppressed (c) and fat-suppressed id) T2-weighted single-shot 
echo-train spin-echo, sagittal T2-weighted single shot echo train 
spin echo (e) and transverse Tl -weighted SGE (/") images demon- 
strate a mass arising from the sigmoid colon (black arrow, e) and 
invading the bladder (white arrow, c) in another patient with 
diverticulitis. The wall of the sigmoid colon (black arrow, /) is 
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Fig. 6.140 (Continued) thickened on noncontrast Tl- 
weighted image. The mass was diagnosed as colon cancer invad- 
ing the bladder based on MR findings, and also on the basis of 
colonoscopy. Colectomy was performed, and the diagnosis was 
inflammatory tissue secondary to diverticulitis histopathologically. 
The inability to perform postgadolinium imaging in this patient 
because of end-stage renal disease hindered demonstrating post- 
contrast findings of diverticulitis and may have masked the correct 
diagnosis. It should be emphasized that diverticulitis can both 
mask and mimic colon cancer. 





Fig. 6.141 Acute appendicitis. SGE (a) and transverse 
Qf) and sagittal (c) interstitial-phase gadolinium-enhanced fat- 
suppressed SGE images demonstrate a small-caliber tubular 
structure in the lower right quadrant with intense mural enhance- 
ment. The findings are consistent with acute appendicitis. The 
direct multiplanar imaging permits display of a low segment of 
the inflamed retrocecal abscess on the sagittal projection (c). 
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Fig. 6.141 (Continued) Acute appendicitis in pregnant patients. T2-weighted single-shot echo-train spin-echo non-fat- 
suppressed coronal (d), transverse (e), and sagittal (/") and fat-suppressed sagittal (g) images demonstrate mild acute appendicitis 
in a pregnant patient. The appendix is mildly dilated, and its wall is mildly thickened. Note that there is minimal free fluid around 
the appendix. Acute appendicitis can be diagnosed based on the findings of noncontrast sequences, particularly T2-weighted 
sequences. Postgadolinium imaging should not be performed routinely and should be avoided unless maternal and/or fetal survival 
depends on it. For further descriptions, see Chapter 16. 
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Fig. 6.142 Appendiceal abscess. Gadolinium-enhanced Tl-weighted 
fat-suppressed spin-echo image (a) demonstrates a low-signal-intensity 
appendiceal abscess with a prominent enhancing rim (arrow). SS-ETSE (b) 
and transverse (c, d) and sagittal (e) postgadolinium fat-suppressed SGE 
images in a second patient. A large multiloculated appendiceal abscess is 
present (open arrow, b, c, e). Air within the abscess is signal void (arrow, 
b) on the T2-weighted image. After gadolinium administration (c, d, e) the 
abscess rim enhances (open arrow, c, e), and extensive enhancement of 
periabscess tissue is present (long arrows, c, d, e). 



Noone et al. [119] reported a high diagnostic accu- 
racy of MRI in evaluating suspected acute intraperito- 
neal abscess. In that series, abscesses were visualized 
as well-defined fluid collections with peripheral rim 
enhancement on gadolinium-enhanced Tl-weighted 
fat-suppressed images. 



The presence of signal- void air within the collection 
confirms the diagnosis (fig. 6.143) [120]. The role of 
oral or rectal contrast in distinguishing bowel from 
abscess is not firmly established. Most abscesses can be 
confidently differentiated from bowel with gadolinium- 
enhanced Tl-weighted fat-suppressed SGE or 3D-GE 
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Fig. 6.143 Pouch of Douglas abscess. Tl-weighted fat- 
suppressed spin-echo (a), T2-weighted echo-train spin-echo (£>), 
and sagittal 45-s postgadolinium SGE (c) images. An 8-cm pouch 
of Douglas abscess is present that contains a focus of air that is 
signal void on Tl-weighted (a) and T2-weighted (b) images (arrow, 
a, b). The abscess has a thick, enhancing rim (arrow) on the early 
postgadolinium image (c) with increased enhancement of sur- 
rounding tissue. Note the layering of debris on all MR images 
(a-c). Transverse id) and sagittal (e) T2-weighted SS-ETSE 
and transverse (/") and sagittal (g) interstitial-phase gadolinium- 
enhanced fat-suppressed images in a second patient. There is a 
cystic mass situated in a right perirectal location that exhibits 
layering of low-signal material (arrows, d, e) on T2-weighted 
images. Moderately intense enhancement is observed of the 




THE LARGE INTESTINE 



883 




Fig. 6.143 (Continued) abscess wall (/"). The abscess dis- 
places the rectal-sigmoid region to the left. Layering of low-signal 
material on T2-weighted images is a relatively specific feature of 
abscesses. 




and T2-weighted single-shot echo-train spin-echo 
images acquired in two planes. This approach demon- 
strates the oval shape of abscesses and permits their 
distinction from adjacent tubular bowel. Enhancement 
of periabscess tissues on gadolinium-enhanced Tl- 
weighted fat-suppressed SGE or 3D-GE images confirms 
the inflammatory nature of the fluid collections (fig. 
6.144). The layering effect of low-signal-intensity mate- 
rial in the dependent portion of the abscess on T2- 
weighted images is an important ancillary feature 
observed in the majority of abscesses [120]. The absence 
of motion artifact on T2-weighted single-shot echo-train 
spin echo facilitates identification of the dependent low- 
signal material in abscesses. The low signal reflects the 
high protein content of products of infection. 

In patients with a contraindication to iodinated 
intravenous contrast secondary to allergy, MRI should 
be considered for the evaluation of abscess. MRI is 
particularly advantageous over CT in patients in whom 
high-density barium is present in bowel, because the 
barium creates severe artifacts on CT and may, if any- 
thing, improve the image quality in MRI. MRI also may 
be effective as a method to follow therapeutic interven- 
tions (fig. 6.145). 



Colonic Fistulas 

MRI is an effective imaging modality for evaluating 
colonic fistulas [7, 8, 121-123]. In particular, the multi- 
planar imaging capability of MRI has been shown to 
be useful for surgical planning for perirectal/perianal 
fistulas. The relationship of fistulas to the levator 
ani muscle is well shown on a combination of trans- 
verse, coronal, and sagittal plane images. Tl -weighted 
images, T2-weighted images, and gadolinium-enhanced 
Tl -weighted fat-suppressed images all provide good 
contrast between fistulas and surrounding tissues 
(fig. 6.146). 

Infectious Colitis 

Pseudomembranous colitis is defined as an acute colitis 
characterized pathologically by the formation of an 
adherent inflammatory "membrane" (pseudomembrane) 
overlying areas of mucosal damage. This disease occurs 
in the setting of broad-spectrum antibiotic use. The 
infectious organism most frequently implicated is 
Clostridium difficile [124]. The severity of the disease 
varies from mild to life-threatening. MRI shows thicken- 
ing of the affected large bowel with marked enhance- 
ment (figs. 6.147 and 6.148). 
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In the past, neutropenic enterocolitis (typhlitis) was 
a disease affecting predominantly children treated for 
leukemia. The disorder also affects healthier neutrope- 
nic patients with solid tumors and other conditions. The 
cecum and ascending colon are the segments most 
commonly affected (fig. 6.149). MRI findings are non- 
specific in patients with infectious colitis and generally 



demonstrate increased wall thickness and enhancement. 
Other infectious agents and infections that target the 
colon include Shigella, Salmonella, Escherichia coli, 
amebiasis, and cholera. 

Patients with AIDS are prone to Mycobacterium 
avium-intracellulare colitis. Mycobacterium avium- 
intracellulare also affects the large bowel and produces 





Fig. 6.144 Midabdominal and pelvic abscesses. Transverse 512-resolution echo-train spin-echo (a) and gadolinium-enhanced 
fat-suppressed SGE (£>) images through the pelvis and sagittal 512-resolution echo-train spin-echo (c) and sagittal gadolinium- 
enhanced fat-suppressed SGE id) images through the pelvis and midabdomen. An 8-cm, irregular, oval-shaped abscess is present in 
the recto-vesicle space that demonstrates dependent layering of low-signal-intensity debris on the T2-weighted image (a) and sub- 
stantial enhancement of the abscess wall (£>). Inflammatory thickening of a loop of ileum (arrow, a) abutting the abscess is identified. 
Enhancement of the serosal surface of the bowel is appreciated (arrow, b). The sagittal plane images demonstrate the pelvic and 
midabdominal abscesses (arrows, c, d). Layering of low-signal-intensity material in the dependent portion of the pelvic abscess is 
shown on the T2-weighted image (c). Enhancement of the abscess wall and increased enhancement of multiple loops of small 
bowel are noted on the gadolinium-enhanced fat-suppressed SGE image id). Transverse 512-resolution T2-weighted echo-train 
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Fig. 6.144 (Continued) spin-echo (e) and immediate postgadolinium SGE (/") images in a second patient. This patient with 
chronic renal failure had undergone multiple abdominal surgical procedures for bowel ischemia and has a large anterior abdominal 
wall dehiscence with exposed peritoneal lining. A retrocecal abscess collection is present (black arrows, e,f) that is high in signal 
intensity on the T2-weighted image and demonstrates ring enhancement on the immediate postgadolinium image. A chronically 
failed renal transplant is also identifiable (large arrow, e). 





Fig. 6.145 Pelvic abscess, before and after catheter drainage. Sagittal 512-resolution T2-weighted echo-train spin-echo (a) 
and sagittal (b) and transverse (c) interstitial-phase gadolinium-enhanced fat-suppressed SGE images. The sagittal images demonstrate 
a 5-cm abscess in the pouch of Douglas (long arrow, a, b) and a smaller midabdominal abscess (short arrow, a, b). On the T2- 
weighted image, heterogeneous low signal is present in the dependent portion, which is a common finding in abscesses. On the 
postgadolinium images, substantial enhancement of the abscess wall and the adjacent rectum (open arrow, b) is present. Multiple 
Nabothian cysts are present in the cervix (small arrow, a, b). The transverse gadolinium-enhanced fat-suppressed image through 
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Fig. 6.145 (Continued) the midabdomen demonstrates a 
4-cm abscess (arrow, c) with enhancement of the abscess wall and 
the periabscess tissue. Sagittal 512-resolution T2-weighted echo- 
train spin-echo (d) and transverse interstitial-phase gadolinium- 
enhanced fat-suppressed SGE (e) images obtained 1 week after 
transrectal placement of a drainage catheter demonstrate substan- 
tial resolution of the pelvic abscess. The drainage catheter is 
identified as a signal-void tube (arrow, d, e). The degree of inflam- 
matory reaction has also substantially diminished, but persistent 
enhancing tissue around the catheter is visualized (e). Rectal 
perforation and abscess formation. T2-weighted high-resolu- 
tion fast spin-echo (/*) and Tl -weighted postgadolinium fat-sup- 
pressed interstitial-phase 3D-GE (g) images demonstrate that the 
rectum integrity is lost (white arrow, /) on the posterior aspect 
and there is an associated abscess formation that shows intense 
peripheral enhancement in continuity with the rectal wall. The 
abscess extends into the gluteus muscles. Note that there is 
another small abscess (black arrow, g) in the left gluteus muscle. 







Fig. 6.146 Perianal fistula. Coronal Tl-weighted spin-echo 
(a), sagittal T2-weighted spin-echo (£>), and gadolinium-enhanced 
Tl-weighted spin-echo (c) images. A complex fistula (arrow, a) is 
present in a right perianal location that extends to the levator ani 
muscle (long arrow, a). The fistula is low in signal on Tl-weighted 
(arrow, a), T2-weighted (arrow, £>), and postgadolinium (arrow, c) 
images, reflecting its the chronic fibrotic nature. T2-weighted high- 
resolution fast spin-echo (d), T2-weighted fat-suppressed single- 
shot echo-train spin-echo (e), and Tl-weighted postgadolinium 
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Fig. 6.146 (Continued) interstitial-phase fat-suppressed 3D- 
GE (/") images demonstrate a pelvic fistula (arrow, d) extending 
from the rectum to the presacral soft tissue in another patient with 
Crohn proctitis. The fistulous tract shows enhancement on post- 
gadolinium image (/"). 






Fig. 6.147 Clostridium difficile colitis. T2-weighted single-shot ETSE id) and Tl-weighted fat-suppressed gadolinium- 
enhanced interstitial-phase Tl (b) images through the pelvis show marked diffuse wall thickening and edema of the sigmoid colon 
and proximal rectum. A moderate amount of free fluid is noted within the peritoneum. 



wall thickening (fig. 6.150) [46]. Cytomegalovirus 
colitis (fig. 6.150) may also be seen in these patients. 
Bowel wall thickening secondary to submucosal hemor- 
rhage is the most characteristic finding. Patients with 
AIDS frequently develop proctitis. Opportunistic infec- 
tion leads to rectal wall thickening and stranding in 
the perirectal space. Occasionally, frank perirectal 
abscesses occur. Gadolinium-enhanced Tl-weighted 
fat-suppressed SGE and 3D-GE images demonstrate 
bowel wall thickening with increased enhancement 
and abscess formation. Unenhanced SGE imaging is 
effective for showing perirectal stranding, which appears 
low in signal intensity in a background of high-signal- 
intensity fat. 



Radiation Enteritis 

The rectum is the segment of large bowel most suscep- 
tible to radiation enteritis. This finding may be attributed 
to the large radiation doses used to treat tumors arising 
in the pelvic area and the relatively fixed position of 
the rectosigmoid colon. Pathologic changes of acute 
radiation injury include prominent submucosal edema, 
ulceration, inflammatory polyps, and ischemic changes. 
Chronic radiation injury may show the histologic fea- 
tures of mucosal atrophy, vascular occlusion, and fibro- 
sis. Late effects of radiation damage are evidenced 
pathologically by mucosal, submucosal, and muscular 
fibrosis with stricture formation [125]. In one study, the 
Tl- and T2-weighted MRI features of the rectum in 42 
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Fig. 6.148 Pseudomembranous colitis. T2-weighted SS- 
ETSE (a), precontrast SGE (£>), and 90-s postgadolinium fat-sup- 
pressed SGE (c) images. Diffuse bowel wall thickening is noted in 
the descending colon on the coronal T2-weighted image (curved 
arrows, a). Circumferential bowel wall thickening is seen in the 
splenic flexure of the large bowel on the precontrast SGE image 
(arrows, b). Moderately increased enhancement and wall thicken- 
ing of the splenic flexure is noted on the postcontrast fat-sup- 
pressed SGE image (curved arrows, c). (Reprinted with permission 
from Chung JJ, Semelka RC, Martin DR, Marcos HB: Colon dis- 
eases: MR evaluation using combined T2-weighted single-shot 
echo train spin-echo and gadolinium-enhanced spoiled gradient- 
echo sequences. / Magn Reson Imaging 12: 297-305, 2000.) 
Coronal (d) and transverse (e) interstitial-phase gadolinium- 
enhanced fat-suppressed SGE images in a second patient demon- 
strate diffuse thickening of the descending colon (arrow, e) with 
intense mural enhancement. (Courtesy of Russel Low, M.D., Sharp 
Clinic, San Diego.) 
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Fig. 6.149 Neutropenic colitis (typhlitis). Coronal T2- 
weighted SS-ETSE (a) and coronal interstitial-phase gadolinium- 
enhanced SGE (b) images in a patient with acute myelogenous 
leukemia history. There is marked thickening of the ascending 
colon (arrows, a, b) consistent with neutropenic colitis. Small 
bowel thickening and ascites are also present. Coronal (c) and 
transverse id) T2-weighted SS-ETSE and transverse interstitial- 
phase gadolinium-enhanced SGE (e) images in a second patient 
after chemotherapy. The cecum shows dilatation with marked 
thickening and enhancement of the wall (arrows, c, e). 






Fig. 6.150 Mycobacterium avium-intracellulare (MAI) colitis. Coronal (a) and transverse (b) SS-ETSE, immediate postg- 
adolinium SGE (c), and coronal 90-s postgadolinium fat-suppressed SGE (d) images in a patient with Mycobacterium avium- 
intracellulare colitis. SS-ETSE images (a, b) demonstrate marked wall thickening of the ascending colon (small arrows, a, b) with 
relative sparing of the descending colon. The mucosal surface enhances on the immediate postgadolinium image (small arrows, c), 
with negligible enhancement of the thickened outer wall. Less severe involvement of the descending colon is also seen (arrow, c). 
Enhancement of the wall increases and becomes more uniform (small arrows, d) on interstitial-phase images, reflecting capillary 
leakage. Cytomegalovirus colitis. Transverse T2-weighted non-fat-suppressed (e) and fat-suppressed (/") single-shot echo-train 
spin-echo, Tl-weighted SGE (g), and Tl-weighted postgadolinium fat-suppressed interstitial-phase 3D-GE (If) images demonstrate 
cytomegalovirus colitis in another patient. The sigmoid colon and rectum walls are edematous and thickened, and show intense 
enhancement. Note that mesenteric inflammation and free fluid are also present. 
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Fig. 6.150 (Continued) 



patients status post radiation therapy were graded with 
respect to wall thickness and signal intensity of the 
muscular layers and submucosa. A spectrum of tissue 
changes were seen in the rectum regardless of the time 
from initiation of therapy. MRI had excellent sensitivity 
for depicting abnormalities, but specificity was limited 
[106]. The results of this study emphasize the need for 
detailed clinical history to ensure optimal MRI. The 
routine use of gadolinium-enhanced Tl -weighted fat- 
suppressed imaging is effective for evaluating postradia- 
tion changes because of the high sensitivity of this 
technique for inflammatory changes. High-resolution 
T2-weighted images demonstrate the findings of sub- 
mucosal edema in acute radiation proctocolitis well 
(figs. 6.151 and 6.152). 

Rectal Surgery 

A number of surgical procedures are performed 
for rectal cancer and other disease processes. 
Abdominoperineal resection (APR) is performed for 
tumors that are distal in the rectum, in which a tumor- 
free distal margin may not be achievable. After APR, 
more anteriorly positioned pelvic structures reposition 
more posteriorly, including the bladder, the prostate 
and seminal vesicles, and the uterus. The pelvis is often 
packed with omental fat to prevent small bowel from 
filling the potential space when postoperative radiation 
therapy is contemplated (fig. 6.153). 

Intraluminal Contrast Agents 

The goals of intraluminal contrast agent use are twofold: 
1) reliable differentiation of bowel from adjacent struc- 




F i G . 6.151 Radiation enteritis. Transverse 512-resolution 
T2-weighted echo-train spin-echo image in a patient after radia- 
tion therapy. The sigmoid colon is thick-walled with marked 
submucosal edema (long arrow). The circumferential and sym- 
metric nature of the bowel wall changes are suggestive of 
radiation enteritis. Note the thick-walled bladder (open arrow) 
and its heterogeneous contents (arrowhead), findings consis- 
tent with hemorrhagic cystitis, another sequela of radiation 
therapy. Free pelvic fluid is also present. 



tures and 2) better delineation of pathologic processes 
involving the bowel wall. Oral contrast agents fall into 
two major categories, positive (signal intensity increas- 
ing) and negative (signal intensity decreasing) agents. 
Positive agents shorten Tl -relaxation time, whereas 
negative agents either shorten T2-relaxation time or rely 
on immobile protons to decrease intraluminal signal 
intensity. Biphasic intraluminal agents are formulated to 
produce high signal intensity on Tl-weighted images 
and low signal intensity on T2-weighted images [126]. 
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Fig. 6.152 Radiation proctitis. Transverse T2-weighted 
ETSE (a), immediate postgadolinium SGE (&), and interstitial-phase 
gadolinium-enhanced SGE (c) images. The rectal wall is thickened 
with multiple radiating soft tissue strands (arrow, c) in the peri- 
rectal fat. There is intense enhancement of the rectum consistent 
with radiation-induced inflammation. Abundant perirectal fat 
is also appreciated. These findings are consistent with postradia- 
tion changes. Transverse id) and sagittal (e) T2-weighted ETSE 
and transverse (/") and sagittal (g) interstitial-phase gadolinium- 
enhanced SGE images in a second patient after radiation therapy 
show substantial thickening of the rectal wall with extensive 
linear strands in the enlarged perirectal fat. 



894 



Chapter 6 GASTROINTESTINAL TRACT 




Fig. 6.152 (Continued) 






Fig. 6.153 Abdominoperineal resection (APR). Axial T2-weighted ETSE (a) and sagittal interstitial-phase gadolinium- 
enhanced fat-suppressed SGE (£>) images. The bladder and the seminal vesicles (arrows, a) are located posteriorly in the pelvis. 
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Fig. 6.153 (Continued) Sagittal T2-weighted SS-ETSE (c) and sagittal interstitial-phase gadolinium-enhanced fat-suppressed SGE 
id) images in a second patient show increase of pelvic fat consistent with omental packing. 





Fig. 6.154 Positive oral contrast agent. SGE images before (a) and after (b) ingestion of ferric ammonium citrate (FAC). Oral 
contrast causes high signal intensity within the bowel (arrows, b). The bowel loops are readily distinguished from the adjacent 
pancreas after oral contrast administration. Note that FAC not only results in signal intensity change of the bowel lumen but distends 
it as well. 



Positive Intraluminal Contrast Agents 

Manganese-containing agents, ferric ammonium citrate, 
and gadolinium-containing agents have been employed 
as positive intraluminal agents (fig. 6.154). They are 
all paramagnetic [127-129]. To date, none of these 
agents is in routine use. Positive intraluminal agents 
may be useful to distinguish bowel (which would 



be rendered as high signal) from encapsulated fluid 
collections such as abscesses (which would remain 
low signal). Opacification of fistulous tract could 
also be demonstrated with these agents. On the other 
hand, positive intraluminal agents may mask the 
enhancement of inflammatory bowel wall or bowel 
masses. 
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Fig. 6.155 Negative oral contrast agent. SGE images before (a) and after (b) perfluorooctylbromide (PFOB) ingestion, intra- 
venous gadolinium-enhanced SGE image after PFOB ingestion (c), and gadolinium-enhanced Tl-weighted fat-suppressed spin-echo 
image after PFOB ingestion (d) in three patients. In the first patient (a, b), bowel contents are heterogeneous before PFOB intake 
(arrows, a), but after ingestion of PFOB they become nearly signal void (arrows, b). PFOB is signal void in the stomach (s, c) of a 
woman with hepatic metastases (arrow, c) from cervical carcinoma. In a third patient (d), distal small bowel is signal void (arrow, 
d) after PFOB administration. Oral agents distend the bowel, which may aid detection of mucosal abnormalities. 



Negative Intraluminal Contrast Agents 

Intraluminal contrast agents may result in darkening of 
the bowel lumen because of lack of mobile protons 
(perfluorooctylbromide) (fig. 6.155) [130] or superpara- 
magnetic susceptibility effects (oral magnetic particles) 
(fig. 6.156) [131]. Because of high cost, perfluorooctyl- 
bromide is not available at present. A drawback of oral 
magnetic particles is occasional disturbing susceptibility 
artifact on Tl-weighted SGE images, particularly in the 
region of the pancreas. Dilute barium results in a high 
fluid content of bowel and therefore low signal intensity 
on Tl-weighted images and has achieved routine clini- 
cal use by some investigators [126]. Water functions well 
as a low-signal agent on Tl-weighted images in the 
stomach (by oral administration) and colon (by rectal 
administration) (figs. 6.111-6.113) and has been pro- 
posed for screening examinations [90]. 



FUTURE DIRECTIONS 



Future directions include the use of oral contrast agents 
described above, new intravenous agents, and new 
imaging techniques. Regarding intravenous agents, iron 
oxide particle agents have been used for MR lymphog- 
raphy in pilot studies [132]. These agents are taken up 
by normal lymphoid tissue and hyperplastic lymph 
nodes, which decrease uniformly in signal intensity on 
T2-weighted images, whereas nodes involved with 
malignant disease retain signal intensity. This agent 
may increase the specificity of detecting malignancy 
involvement in normal-sized (<lcm) lymph nodes. 
Normal-sized malignant lymph nodes are a common 
occurrence with gastrointestinal malignancies; there- 
fore, improved specificity is of particular value for these 
tumors. Future imaging directions include real-time, 
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Fig. 6.156 Negative oral contrast agent. SGE before (a) 
and after (b, c) oral magnetic particle (OMP) ingestion. Before 
OMP ingestion, the stomach is collapsed, with apparent wall thick- 
ening. Once distended with oral contrast, the stomach wall is 
barely perceptible. Similarly, the small and large bowel are dis- 
tended and marked by OMP (arrows, c). Susceptibility artifact is 
visualized in many of the loops of bowel (c). 



dynamic alimentary track imaging (MRI upper GI), 3D 
intraluminal display (MRI endoscopy, colonography), 
and therapeutic interventions (e.g., abscess drainage). 
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rectum, VI: 829, 832, 835 
small intestine, VI: 775, 777-778 
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Adenomyosis, uterine, V2. 1456, 1466-1470 
Adenosclerosis, benign breast lesions, V2: 

1714, 1716 
Adhesions, peritoneal, ovarian cysts, V2: 

1504, 1508 
Adiabatic pulses, fat-suppressed echo-train 
spin-echo sequences, VI: 9-10 
Adnexa: 

fallopian tubes: 

carcinoma, V2. 1550-1552 
metastases to, V2. 1551-1553 
normal anatomy, V2. 1500, 1503 
metastases to, endometrial carcinoma, 

V2. 1474, 1476-1477 
MR imaging techniques, V2. 1499-1500 
ovary: 

benign neoplasms, V2: 1518-1531 
epithelial origin, V2. 1518-1523 
germ cell origin, V2. 1520-1521, 

1526-1529 
sex cord-stromal origin, V2. 
1525-1526, 1530-1531 
congenital anomalies, V2: 1503 
cysts, V2-. 1500, 1502-1503 

functional cysts, V2. 1500, 1502, 

1504-1506 
paraovarian/peritoneal cysts, V2. 

1504, 1508 
theca-lutein cysts, V2. 1504, 
1507-1508 
ectopic pregnancy, V2. 1517 
endometriosis, V2. 1504-1513 
hydrosalpinx, V2. 1517 
malignant neoplasms, V2. 1518 
carcinosarcoma, V2: 1545, 1548 
clear cell carcinoma, V2. 1533, 

1538-1540 
epithelial origin, V2. 1531-1533 
germ cell origin, V2. 1533-1534, 

1540-1544 
lymphoma, V2. 1545, 1548-1549 
mucinous tumors, V2. 1533, 

1536-1538 
primary ovarian carcinoma, V2. 

1526-1527, 1531 
serous tumors, V2. 1533-1536 
sex cord-stromal origin, V2: 1540, 
1542, 1545-1547 
metastases to, V2. 1546-1547, 

1549-1550 
normal anatomy, V2. 1500-1501 
ovarian torsion, V2: 1509-1510, 

1514-1516 
pelvic inflammatory disease/ 

tubo-ovarian abscess, V2. 1514, 
1516-1517 
pelvic varices, V2. 1517-1518 
polycystic ovaries, V2. 1507, 1509, 1514 
transposed ovary, V2. 1500-1502 
pediatric imaging, V2. 1650 
in pregnancy, maternal imaging, masses, 
differential diagnosis, V2: 1567, 
1569-1570 
Adrenal cortex. See Adrenal glands, benign 
and malignant cortical lesions 
carcinoma, V2. 998, 1002-1006 



Adrenal glands: 

Addison disesase, V2: 1020 
benign cortical lesions: 

adenomas, V2. 969, 971-985 

bilateral, V2. 971, 974-976, 981, 984 
capillary blush, V2. 971-973, 

978-979 
Dixon technique, V2. 971, 979 
hyperfunctioning adenomas, V2. 971 
minor hemorrhage, V2. 971, 

982-984 
out-of-phase imaging, V2. 971, 983 
signal drop, V2. 971, 974, 982-983 
aldosteronomas, V2. 977, 986-987 
cysts and pseudocysts, V2. 980-981, 

984, 991-993 
hemangioma, V2. 993-994 
hyperplasia, V2. 969-970, 977, 

986-987 
myelolipoma, V2. 977-980, 988-990 
hemorrhage, V2. 1019-1020 
inflammatory disease, V2. 1019 
lesion classification and pattern 

recognition, V2. 969 
malignant cortical lesions: 

adrenal cortical carcinoma, V2. 998, 

1002-1006 
metastastes, V2. 994-1002 
medullary masses: 

ganglioma, V2. 1006, 1013, 1017 
ganglioneuroblastoma to, V2. 1006, 

1013, 1017-1018 
lymphoma, V2. 1017, 1019 
neuroblastoma, V2. 1006, 1012-1017 
pheochromocytoma, V2. 998, 

1005-1111 
schwannoma, V2. 1006 
metastases (See also specific types of 
cancer) 
adenomas, differential diagnosis, V2. 

964-968, 971 
hepatocellular carcinoma, VI: 192, 199 
imaging techniques, V2: 994—1002 
MR imaging techniques, V2: 963-968 
normal anatomy, V2. 963-968 
pediatric imaging, V2. 1650 
Adrenal insufficiency, Addison disease, V2: 

1020 
Aggressive fibromatosis, V2. 912-914 
Aicardi syndrome, fetal assessment, V2: 

1588-1592 
Air bubble artifacts: 

bile duct imaging, VI: 489, 493-494 
peritoneum, postsurgical air and fluid, 
V2. 936, 940 
Aldosteronomas, V2. 911, 986-987 
Allergy, gastric wall edema, VI: 76l, 764 
Alobar holoprosencephaly, fetal 

assessment, V2. 1588-1592 
ocl -Antitrypsin deficiency, imaging studies, 

VI: 315, 317 
a-fetoprotein (AFP), hepatocellular 

carcinoma, venous thrombosis, 
VI: 235 
Ambiguous genitalia, V2: 141 5-1416 
Amebic abscess, hepatic, VI: 430 



American College of Radiology (ACR), 
breast MRI interpretation 
guidelines, V2: 1696-1700 
American Joint Committee staging: 
breast cancer, V2. 1723-1725 
prostate cancer, V2. 1358, 1368 
testicular cancer, V2: 1392-1396 
Amniotic band syndrome, fetal assessment, 

V2: 1621 
Amniotic fluid, MR imaging and, V2. 

1622-1623 
Ampullary adenoma, MR imaging, VI: 511, 

516 
Ampullary carcinoma, bile duct imaging, 

VI: 518, 520, 527-530 
Ampullary fibrosis, MRCP imaging, VI: 489, 

495-496 
Ampullary stenosis (bile duct): 
gadolinium-based contrast agent 
imaging, V2: 1771-1773 
MRCP imaging, VI: 489 
Amyloid, urethra diffuse disease, V2. 

1377-1380 
Amyloidosis, seminal vesicles, V2. 1382, 

1385 
Anal canal: 

anorectal anomalies, VI: 827, 831, 

833-834 
anorectal melanoma, VI: 867, 869 
cloacal repair, VI: 827, 833 
normal anatomy, VI: 824, 827, 831 
perianal fistula, VI: 883, 887-888 
squamous cell carcinoma, VI: 860, 866 
Androgen exposure, female 

pseudohermaphroditism, V2. 
1415-1416 
Anesthesia, pediatric MRI, V2: 1638-1639, 

1645 
Aneurysms: 

abdominal aortic, V2: 1200-1207 
magnetic resonance angiography, V2: 

1615, 1684 
renal artery disease, V2. 1133, 

1135-1136 
renal vein, V2: 1138 
splenic artery aneurysm, VI: 706-709 
Angioimmunoblastic lymphadenopathy, 
splenic involvement, VI: 
700-702 
Angiomas, spleen, VI: 688, 694 
Angiomyolipomas : 

fatty liver differential diagnosis, VI: 383 
kidney, V2: 1063-1068 
liver lesions, VI: 67, 70, 80-81 
tuberous sclerosis and, V2. 1066, 
1069-1071 
Angiomyxoma, vulvar malignancies, V2. 

1421 
Angiosarcoma: 

breast cancer, V2. 1740-1741 
inferior vena cava, V2. 1237-1241 
liver metastases, VI: 240, 242, 249 
spleen, VI: 704, 706 
Angiotropic intravascular lymphoma, liver 

metastases, VI: 238, 242 
Anhydramnios, renal agenesis, V2. 1613 
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Annular pancreas, MR imaging, VI: 541-544 
Anterior urethra, normal anatomy, V2: 

1375-1376 
Antiphospholipase deficiency, renal artery, 

V2-. 1137 
Aorta: 

magnetic resonance angiography, V2\ 

1673, 1679-1684 
normal anatomy: 

MIP reconstruction, V2: 1198-1200 
phase mapping, V2. 1194 
retroperitoneal imaging, V2. 1200-1227 
aortic aneurysm, V2. 1200-1207 
aortic dissection, V2. 1201, 1208-1212 
aortoiliac atherosclerotic disease/ 
thrombosis, V2. 1204, 1207, 
1214-1223 
penetrating ulcers/intramural 

dissecting hematoma, V2: 1201, 
1204, 1213 
postoperative graft evaluation, V2: 
1207, 1214, 1216, 1224-1227 
Aortic atheroemboli, renal artery disease, 

V2. 1137, 1143 
"Aortic cobwebs," aortic dissection, V2. 

1201, 1208-1212 
Aortic dissection: 

magnetic resonance angiography, V2. 

1673, 1684 
renal artery disease, V2. 1133, 1135 
Aortobifemoral graft: 

infection, V2. 1214, 1216, 1226 
postsurgical evaluation, V2. 1201, 1214, 
1216, 1224-1225 
Aortoiliac atherosclerotic disease/ 

thrombosis, retroperitoneal 
imaging, V2. 1204, 1207, 
1214-1223 
"Aphtoid" ulcerations, Crohn disease, VI: 

785 
Apparent diffusion coefficient (ADC), 

breast imaging, V2: 1696 
Appendicitis: 

diagnostic imaging, VI: 874, 879-881 
infectious enteritis, differential diagnosis, 

VI: 810, 813-814 
in pregnancy, maternal imaging, V2. 
1561-1564 
Appendix: 

abscess, peritoneal inflammation, V2. 

951, 956 
adenocarcinoma, VI: 843 
carcinoma, peritoneal metastases, V2: 

918, 923-924, 926 
mucocele, VI: 832, 841-842 
Aqueductal stenosis, fetal assessment, V2. 

1585-1592 
Arachnoid cysts, fetal assessment, V2. 

1594-1595 
Arciform enhancement, spleen, VI: 678-681 
Arcuate uterus, V2. 1441, 1444, 1448 
Arterial-phase bolus-track liver examination 
(ABLE) technique, hepatic 
arterial dominant phase 
(HADP) contrast agent, V2. 
1774-1777 



Arterial thrombosis, pancreatic transplants, 

VI: 671, 673 
Arteriovenous fistulas, liver imaging, VI: 

388-392 
Arteriovenous malformations, abdominal 

wall, V2: 121 A 
Ascending colon: 

adenocarcinoma, VI: 843-844 
lipoma, VI: 832 
Ascites: 

intraperitoneal, V2. 936, 940-942 
benign, V2. 936, 942 
high-protein-content, V2: 936, 941 
MRI signal intensity and, VI: 1-2 
ovarian: 

malignant epithelial tumors, V2. 

1532-1533 
theca-lutein ovarian cysts, V2: 1504, 
1507-1508 
Ashkenazi Jews, Crohn disease in, VI: 

784 
Asplenia syndrome, MR imaging, VI: 681, 

685 
Atherosclerotic disease: 

abdominal aortic aneurysm, V2: 

1201-1207 
aortoiliac atherosclerotic disease/ 

thrombosis, V2: 1204, 1207, 
1214-1223 
magnetic resonance angiography, V2: 

1673, 1679-1684 
penetrating aortic ulcers, V2\ 1201, 1204, 

1213 
renal arterial disease, V2: 1128-1129, 
1131-1144 
Atresia, intestinal, VI: 110, 774 
Atypical ductal hyperplasia (ADH), benign 

breast lesions, V2: 1715 
Autoimmune diseases, chronic liver 
disease, VI: 303-304, 
306-315 
autoimmune hepatitis, VI: 311-314 
primary biliary cirrhosis, VI: 314—315 
primary sclerosing cholangitis, VI: 
303-304, 306-311 
Autoimmune pancreatitis, MR imaging, VI: 

656, 664, 666 
Autosomal dominant polycystic kidney 
disease (ADPKD): 
hepatic cysts, VI: 6l , 71-72 
renal cell carcinoma, V2: 1098, 1101 
renal cysts, V2. 1044, 1047, 1051-1056 
Autosomal recessive polycystic kidney 
disease (ARPKD): 
cystic lesions, V2. 1047, 1056-1058 
fetal assessment, V2: I6l4-l6l6 

Bl inhomogeneities, 3T MR imaging, VI: 

33 
Background enhancement, breast MRI, V2: 

1698-1700 
"Backwash ileitis," VI: 799, 806 
Bactericides spp., tubo-ovarian abscess, 

V2: 1514, 1516-1517 
Balloon dilation, achalasia, VI: 729-730, 

732, 734 



Barium studies: 

Crohn disease, VI: 791 

intestinal atresia and stenosis, VI: 770, 

774 
large intestine imaging, negative oral 
contrast agents, VI: 896-897 
Bartholin glands: 
carcinoma, V2: 1421 
cysts, V2: 1416-1418 
Basal cell carcinoma, vulvar malignancies, 

V2: 1421 
"Beading," primary sclerosing cholangitis, 

MRCP imaging, VI: 497-499 
Beckwith- Wiedemann syndrome, Wilms 

tumor and, V2: 1103-1106 
Behcet disease, urethrovaginal fistulas, V2: 

1408 
"Bell clapper" deformity, testicular torsion, 

V2: 1396-1397 
Bence Jones proteinuria, renal tubular 

blockage, V2. 1120, 1123-1124 
Benign prostatic hyperplasia (BPH), V2: 
1349-1354 
prostate adenocarcinoma, differential 

diagnosis, V2. 1352, 1356-1358 
Bezoar, gastric imaging, VI: 738, 742 
Bicornuate uterus, V2: 1441, 1444, 1446 
Bile, intraperitoneal, V2: 942, 945-946 
Bile duct: 

abnormal bile signal, VI: 460, 463 
biliary cystadenoma/cystadenocarcinoma , 

liver lesions, VI: 6l , 11 -IS 
cystic disease, VI: 489, 493-494, 505, 

508-511 
diseases: 

benign disease: 

AIDS-related cholangiopathy, VI: 

505 
ampullary adenoma, VI: 511, 516 
ampullary fibrosis, VI: 489, 495-496 
ampullary stenosis, VI: 489 
Caroli disease, VI: 505, 511-513 
cholecdocholithiasis, VI: 488-492 
choledochal cyst, VI: 505, 508-510 
choledochocele, VI: 505, 511 
cysts, VI: 489, 493-494, 505 
infectious cholangitis, VI: 499, 

502-507 
mass lesions, VI: 511, 514-520 
papillary adenoma, VI: 511, 515 
papillary dysfunction, VI: 489, 493, 

497 
postsurgical complications, VI: 511, 

514-515, 517-520 
primary sclerosing cholangitis, VI: 

494, 497-502 
sclerosing cholangitis, VI: 493-494 
imaging studies, VI: 483-488 

pitfalls, VI: 489, 493-494 
malignant disease: 

carcinoma, intrahepatic/peripheral 
metastases, VI: 238-240, 242, 
247-249 
cholangiocarcinoma, VI: 515-518, 

521-526 
metastases to, VI: 530 
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Bile duct: {Continued) 

periampullary/ampullary carcinoma, 
VI: 518, 520, 527-530 
gadolinium-based contrast agent 

imaging, V2. 1768, 1770-1773 
giant cell tumor, VI: 511, 514 
magnetic resonance 

cholangiopancreatography, VI: 
457, 463-464 
normal anatomy, VI: 456-460 
obstruction: 

hepatic transplantation, VI: 292, 299 
hepatocellular carcinoma, VI: 202, 224 
pancreatic cancer, obstruction of, VI: 

552, 562-564 
Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 
460-461 
Bilharziosis, bladder calculi, V2: 1305 
Biliary anastomoses, coronal imaging, VI: 

464, 466-467 
Biliary hamartoma, liver lesions, VI: 67, 
73-77 
colon cancer metastasis, VI: 67, 76-77 
multiple, VI: 67, 74-75 
solitary, VI: 67, 73 
Biliary papillomatosis, MR images, VI: 

514-515 
Biliary system (tree): 

air in, liver imaging, VI: 411, 413-414 
gadolinium-based contrast agents, V2: 

1771 
magnetic resonance 

cholangiopancreatography, VI: 
456-457 
pancreatic adenocarcinoma, VI: 562-563, 

566 
pediatric imaging, V2: 1649 
postsurgical complication, VI: 511, 

514-515, 517-520 
stricture, hepatic transplantation, VI: 
292, 299 
Billroth cords, splenic anatomy, VI: 

677-678 
Bilomas: 

bile duct imaging, VI: 511, 517-518 
hepatic transplantation, VI: 292, 296-298 
infected, pyogenic hepatic abscess, VI: 

418, 426-427 
intraperitoneal, V2: 942, 944-945 
Black-blood techniques: 
aortic imaging, V2: 1200 

abdominal aortic aneurysm, V2: 
1201-1207 
inferior vena cava, V2: 1216, 1223, 1229 
congenital anomalies, V2: 1223, 
1228-1230 
portal venous thrombosis, VI: 388 
vessel imaging, V2: 1194-1200 
Bladder. See also Exstrophic bladder 
benign masses: 

calcifications, V2. 1304-1306 
hemangiomas, V2: 1304 
inflammatory myofibroblastic tumor, 

V2: 1304 
leiomyoma, V2. 1300, 1302-1303 



neurogenic tumors, V2: 1304-1305 
papilloma, V2. 1300-1301 
pheochromocytoma, V2: 1303 
benign prostatic hyperplasia and, V2: 

1349, 1351-1352 
congenital disease, V2: 1298-1301 
cystitis, V2: 1326-1328 
cystitis cystica, V2. 1326, 1329-1330 
cystitis glandularis, V2: 1326 
edema, V2. 1324 
endometriosis, V2: 1326 
fistulas, V2: 1326, 1331-1335 

cervical cancer metastases, V2: i486, 
1489 
granulomatous disease, V2: 1326 
hemorrhagic cystitis, V2: 1326, 1329 
hypertrophy, V2: 1324-1325 
malignant masses {See Bladder cancer) 
metastases to: 

cervical cancer, V2. i486, 1488-1489, 

1492-1495 
vaginal carcinoma, V2: 1416, 1423 
MR imaging techniques, V2. 1297-1298 

artifacts, V2. 1298-1299 
normal anatomy, V2: 1297-1298 
pediatric imaging, V2: 1650 
pelvic lipomatosis, V2. 1326, 1329-1330 
postoperative evaluation, V2: 1331, 1335 
radiation changes, V2: 1331, 1337 
reconstruction, V2. 1331, 1335-1336 
Bladder cancer: 

adenocarcinoma, V2. 1316, 1319-1320 
differential diagnosis, V2. 1298-1299 
incidence and epidemiology, V2: 

1305-1306 
lymphoma and chloroma, V2: 1316, 

1321 
metastases, V2. 1320-1324 
nonepithelial neoplasms, V2: 1316 
primary urothelial neoplasm: 
carcinosarcoma, V2: 1316 
squamous cell carcinoma, V2: 

1316-1318 
transitional cell carcinoma, V2: 
1306-1316 
prostate cancer metastases, V2-. 

1358-1373 
urachal carcinoma, V2-. 1316 
Blake pouch cyst, fetal assessment, V2-. 

1591 
Bland thrombus, portal venous thrombosis, 

VI: 391, 396-397 
Blood imaging, intraperitoneal, V2: 936, 
943-944. See also Black-blood 
techniques; Bright-blood 
techniques 
Blood pool agents, gadolinium-based, V2: 

1768, 1772-1774 
Blood thrombus, portal venous thrombosis, 

VI: 391, 396 
Bochdalek hernia, V2: 904-905 
Bolus-chase technique, vessel imaging, V2: 

1195-1200 
Bone metastases: 

adrenal gland neuroblastoma, V2: 
1013-1017 



bladder cancer, transitional cell 

carcinoma, V2. 1307-1316 
body wall tumors, V2. 1274, 1288-1290 
gadolinium-enhanced Tl -weighted 

images, VI: 13 
prostate cancer, V2. 1358, 1367-1373 
rectal adenocarcinoma, VI: 852, 861-863 
Bourneville disease, renal cysts, V2: 1066, 

1069-1071 
Bowel imaging, fetal assessment, normal 
development, V2. 1583-1585 
Bowel obstruction, in pregnancy, maternal 

imaging, V2: 1564 
Bowel peristalsis: 

abdominal-pelvic MRI artifacts, fast 

scanning, VI: 1-2 
adnexal imaging artifacts, V2: 1499 
Brain imaging: 
fetal assessment: 

neoplasms, V2: 1598 
normal anatomy, V2: 1578-1583 
whole body imaging, VI: 36, 40-42 
BRCA1/BRCA2 gene, breast cancer, V2. 

1722-1723 
Breast: 

benign lesions: 
abscess, V2: 1712 
cysts, V2: 1700-1703 
fibroadenoma, V2. 1702-1706 
hamartoma (fibroadenolipoma), V2: 

1709, 1711 
multiple papillomatosis, V2: 1709-1711 
papilloma, V2. 1707-1709 
phyllodes tumor, V2. 1706-1707 
benign mesenchyma tumors, V2: 

1739-1741 
biopsy, MRI guidance and intervention, 

V2. 1760-1762 
biopsy, MRI-guided interventions, V2: 

1760-1762 
fat necrosis in, V2. 1746, 1749-1752 
implants, V2. 1754-1759 
cancer and, V2: 1759 
categories, V2. 1754-1755 
failure, V2. 1687-1689, 1755-1757 
fat necrosis, V2. 1746, 1749-1752 
imaging techniques, V2: 1757-1759 
postoperative MRI, V2: 1744-1749 
lymph nodes, V2. 1712-1714 
metastases to, V2. 1743-1744 
MR imaging techniques: 
artifacts, V2. 1695 
coil systems, V2: 1693 
congenital anomalies, V2: 1700-1701 
contrast agents, V2: 1694 
fat suppression, V2: 1695 
gradient system, V2: 1693 
imaging plane, V2: 1693-1694 
imaging protocol, V2: 1694-1695 
indications for imaging, V2: 1691 
interpretation guidelines, V2: 

1696-1700 
magnetic field strength, V2. 1692-1693 
morphological/kinetic diagnostic 

features, V2. 1697 
normal anatomy, V2: 1687-1691 
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patient preparation and positioning, 

V2. 1694 
region of interest, V2: 1691 
reporting system and assessment 
categories, V2. 1697-1698 
silicone implant rupture, V2: 

1687-1689 
specificity improvement, V2: 
1695-1696 
nonmass lesions 

ductal carcinoma in situ, V2: 1715, 

1718-1721 
fibrocystic changes and sclerosing 

adenosis, V2. 1712, 1714-1716 
lobular carcinoma in situ, V2: 

1721-1722 
radial scar, V2. 1714-1715, 1717 
posttherapeutic MRI, V2: 1744-1749 
Breast cancer: 

angiosarcoma, V2: 1740-1742 
bile duct/ampulla metastases, VI: 520 
breast implants and, V2. 1759 
classification and staging, V2. 1723-1725 
colloid carcinoma, V2. 1732, 1734 
dermatofibrosarcoma protuberans, V2. 

1739, 1741 
gallbladder metastases, VI: 483, 487 
implants, detection in, V2: 1759 
incidence and prevalence, V2: 

1722-1723 
inflammatory carcinoma, V2: 1737, 1739 
intraductal papilloma, V2. 1736, 1738 
invasive diagnostic features, MR imaging, 

V2. 1723 
invasive ductal carcinoma, V2: 

1725-1731, 1736 
invasive lobular carcinoma, V2: 1727, 

1731-1733 
liver metastases: 

benign lesions, differential diagnosis, 

VI: 111, 190 
hemangiomas and, VI: 90 
infiltrative pattern, VI: 162, 172 
miliary pattern, VI: 173-175 
post-radiation recurrence, VI: 257, 

262-263 
pre- and post-chemotherapy, VI: 257, 

266-268 
primary site studies, VI: 162, 171-175 
ring enhancement imaging, VI: 162, 
171 
lymphoma, V2. 1741-1743 
medullary carcinoma, V2: 1732-1733 
mesenchymal tumors, V2: 1739-1741 
metastases, V2. 1743-1744 

invasive lobular carcinoma, V2: 1727, 
1731-1733 
MR imaging techniques, V2: 1688-1691 
neoadjuvant chemotherapy monitoring, 

V2: 1749, 1753-1754 
Paget disease, V2. 1151-1158 
pancreatic metastases, VI: 6 19, 625, 630 
papillary carcinoma, V2: 1733, 1737 
postoperative residual carcinoma, V2: 

1744-1749 
radiation-induced carcinoma, V2: 1743 



small intestine metastases, VI: 782, 792 
splenic metastases, VI: 701, 703-706 
stomach metastases, VI: 760 
subcutaneous body wall metastases, V2: 

1274, 1284 
tubular carcinoma, V2: 1733-1736 
Breast-conserving therapy (BCT): 
fat necrosis, V2. 1746, 1749-1752 
posttreatment MRI, V2. 1744-1749 
Breast feeding, gadolinium-based contrast 

agents and, V2: 1786 
Breast Image Reporting and Data System 

(BI-RADS®): 
breast cancer imaging, V2: 1723 
breast cysts, V2. 1701-1703 
breast MRI interpretation guidelines, V2: 

1696-1700 
fibroadenomas, V2: 1706 
lesion management protocols, V2: 

1698-1700 
reporting system and assessment 

categories, V2. 1697-1700 
Breath-hold imaging: 

1.5T vs. 3T imaging motion sensitivity, 

VI: 55 
adrenal glands, V2. 964-968 
aortic dissection, V2: 1201, 1208-1212 
gradient echo sequences, motion artifact 

reduction, VI: 2-3 
inferior vena cava, V2: 1216, 1223, 

1229 
kidneys, multicystic dysplastic kidney, 

V2: 1048-1049, 1058 
noncooperative patients, VI: 25 
pancreas, VI: 536 

acute pancreatitis, VI: 625, 628, 

634-647 
islet-cell tumors, VI: 591-598 
mucinous cystadenoma/ 

cystadenocarcinoma, VI: 

612-616 
serous cystadenoma, VI: 606-607, 

609-612 
pediatric MRI, V2: 1637, 1639, 1642-1643 

older children, V2. 1645-1646 
peritoneal inflammation, abscess, V2: 

951, 954-959 
peritoneal metastases, intraperitoneal 

seeding, V2. 918-924 
peritoneum, ascites, V2: 936, 940-942 
renal cell carcinoma, V2: 1073-1095 
retroperitoneal imaging, V2: 1194 
small intestine, VI: 161-110 
spleen, VI: 678-681 
spoiled gradient echo sequences, VI: 5 
Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 

460-461 
uterus and cervix, V2: 1434 
Breathing-averaged protocol, pediatric 

MRI, V2: 1637-1638, 1640 
Brenner tumors, benign ovarian 

neoplasms, V2: 1518, 

1520-1523 
"Bridging vascular sign," ovarian 

leiomyomas, V2: 1525-1526 



Bright-blood techniques: 
aortic imaging, V2: 1200 

abdominal aortic aneurysm, V2: 
1201-1207 
inferior vena cava, V2: 1216, 1223, 1229 
congenital anomalies, V2: 1223, 

1229-1230 
malignancies vs. thrombus, differential 
diagnosis, V2: 1240-1241 
portal venous thrombosis, VI: 388 
pulmonary emboli, V2: 1673, 1675-1 677 
vessel imaging, V2: 1194-1200 
Broad ligament: 

leiomyoma of, V2. 1449, 1453-1454 
paraovarian cysts, V2: 1504, 1508 
Bronchial stenosis, fetal assessment, V2: 

1611-1612 
Bronchogenic cysts, fetal assessment, V2: 

1612 
Bronchopulmonary sequestration, fetal 
assessment, V2: 1606, 
1611-1612 
Buck fascia fibrosis, V2. 1380-1381 
Budd-Chiari syndrome: 
acute-onset, VI: 398, 401 
chronic, VI: 401, 406-407 
cirrhosis, regenerative nodules, VI: 340 
hepatic venous thrombosis, VI: 398, 

401-405 
primary sclerosing cholangitis, 

differential diagnosis, VI: 311 
subacute, VI: 398, 402-405 
Burkitt lymphoma: 

gallbladder metastases, VI: 483, 487 
pancreas, VI: 619, 624-625 
pediatric patient imaging, V2: 

1648-1649 
retroperitoneal malignant masses, V2: 
1253, 1257 
Buttram- Gibbons classification system: 
Miillerian duct anomalies, V2: 

1440-1448 
miillerian duct defects, V2: 1503 

Cadaveric liver assessment, hepatic 

transplantation protocol, VI: 
287, 292 
Calcifications: 

bladder calculi, V2. 1304-1306 
breast, V2. 1688, 1690 
breast implants, V2: 1759 
prostate gland, V2. 1371, 1373 
renal cysts, V2. 1042, 1048 
seminal vesicles, V2: 1382, 1385 
Calculi: 

bladder, V2. 1304-1306 
renal, V2. 1159, 1166-1169 
Calyceal diverticulum, V2: 1164, 1172 
Campylobacter jejuni, infectious enteritis, 
differential diagnosis, VI: 810, 
813-814 
Candida albicans-. 
esophageal infection, VI: 731-734 
hepatic parenchyma fungal infection, VI: 

433, 435-438 
spleen infection, VI: 710-711 
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Candidiasis: 

hepatic parenchyma, VI: 433, 435-438 
renal, V2. 1155 
Capillary phase enhancement: 
adrenal glands, V2. 964-968 

adrenal adenoma, V2. 971-973, 975, 
978-979 
gadolinium-enhanced images, VI: 2 

Tl-weighted sequences, VI: 10-13 
hepatic arterial dominant phase imaging, 
gadolinium-based contrast 
agent, V2: 1775-1777 
kidneys: 

adenoma, V2: 1068 
oncocytomas, V2: 1068, 1072 
pancreatic imaging, VI: 536 

acute pancreatitis, VI: 628, 636-647 
chronic pancreatitis, VI: 648-665 
pancreatic adenocarcinoma, VI: 553, 
557-559, 564-565 
spoiled gradient echo sequences, VI: 
3-4 
"Carcinoid syndrome," small intestine 

carcinoids, VI: 779, 790-791 
Carcinoid tumors: 
ileal, VI: 119, 789 
kidney, V2. 1109-1110 
liver metastases, VI: 164, 183-185 
transcatheter arterial 

chemoembolization, VI: 270, 
273 
pancreas, VI: 602, 607-608 
peritoneal metastases, V2: 936, 939-940 
rectum, VI: 867-868 
small intestine, VI: 779, 790-791 
stomach, VI: 756, 759 
terminal ileum, VI: 779, 790-791 
Carcinosarcoma : 
bladder, V2. 1316 
endometriosis, V2 1504, 1513 
ovarian, V2. 1545, 1548 
uterine, V2. 1475, 1479-1481 
Cardiac gating: 

esophageal imaging, VI: 126-121 
vessel imaging, V2: 1194-1200 
Cardiac motion artifacts, breast MRI, V2: 

1695 
Caroli disease, bile duct cysts, VI: 505, 

511-513 
Caruncle, female urethra, V2: 1407 
Castleman disease, retroperitoneal benign 
lymphadenopathy, V2: 
1249-1250 
Catheterization: 

bladder imaging, V2: 1298-1299 
intraperitoneal, V2: 945 
Cauliflower-type imaging, liver 

metastases, VI: 161-162, 
168-170 
Cavernous hemangioma, V2: 141 6, 1420 
Cavum septum pellucidum, absence, fetal 

assessment, V2: 1594 
Cecum: 

adenocarcinoma, VI: 843 
lipoma, VI: 832, 839 
lymphoma, VI: 860, 867 



Celiac disease/sprue, small intestine, VI: 

799, 807-809 
Central nervous system, fetal imaging: 
anomalies, V2: 1584-1585 
normal anatomy, V2. 1578-1583 
ventriculomegaly, V2. 1585-1592 
Cerebellar vermis, fetal assessment, MRI, 

V2. 1578-1583 
Cerebral ischemia, fetal assessment, V2: 

1596-1601 
Cervical cancer: 

adenocarcinoma, undifferentiated 
carcinoma/sarcoma, V2: 
1488-1491 
adenoma malignum, V2: 1489-1491 
bladder metastases, V2. 1320-1324 
carcinoma, V2. 1482-1489 

recurrence and posttreatment change, 
V2. 1492-1495 
endometrial carcinoma, V2: 1472-1481 
FIGO staging, V2. 1482-1488 
in pregnancy, maternal imaging, V2: 

1569, 1572 
recurrent carcinoma and posttreatment 

change, V2. 1492-1494 
retroperitoneal fibrosis, V2. 1249, 

1252-1253 
urethral metastases, V2: 1405 
Cervical incompetence, V2: 1629-1631 
Cervix: 

benign disease, nabothian cysts, V2: 

1467-1468, 1471 
congenital anomalies, V2: 1441, 1444, 

1447-1449 
diethylstilbestrol exposure, V2: 1448 
endometriosis, in pregnancy, V2: 1569, 

1573-1574 
fibroids, in pregnancy, maternal imaging 

V2 1569, 1573 
metastases to, V2: 1492 
MR imaging techniques, V2: 1433-1434 
normal anatomy, V2. 1434—1437, 

1436-1437 
pediatric imaging, V2: 1650 
in pregnancy: 

cervical incompetence, V2. 

1629-1631 
endometriosis, V2. 1569, 1573-1574 
stenosis, endometriosis and, V2: 1506, 
1510 
Cesarean scar pregnancy, V2: 1577-1580 
Cesarean section: 

placental imaging and, V2: 1623, 

1625-1627 
postpartum uterus imaging, V2: 
1575-1580 
Chagas disease, achalasia, VI: 732, 734 
Charcot's triad, infectious cholangitis, VI: 

499 
Chemical shift imaging: 
3T MR imaging, VI: 31-32 
bladder artifacts, V2 1298-1299 
breast MRI, V2. 1695 
gradient echo sequences, VI: 3 
Chemoembolization : 

acute cholecystitis, VI: 468, 476 



transcatheter arterial chemoembolization, 

liver metastases, VI: 268, 

270-278 
Chemotherapy: 

breast cancer, neoadjuvant, 

posttreatment MRI, V2: 

1144-1153 
liver metastases, VI: 257, 264-270 
gadolinium-enhanced Tl-weighted 

images, hepatic arterial 

dominant (capillary) phase, VI: 

11-13 
hemangiomas, differential diagnosis, 

VI: 101, 177, 190 
pancreatic cancer, VI: 589-590 
pancreatitis from, VI: 666-661 
peritonitis and, V2. 949, 953 
small intestine, toxicity enteritis, VI: 810, 

817 
spleen lymphomas, VI: 700, 702-703 
tubulointerstitial kidney disease, V2\ 

1120-1121 
Chest-abdominal-pelvic imaging: 
protocol for, VI: 20, 23 
whole body imaging, VI: 36, 39-40 
Chest imaging. See also Lung cancer; 

Pulmonary disease 
future research issues, V2: 1684-1 685 
hilar and mediastinal lymphadenopathy, 

V2 1666-1661 
mass lesions, V2. 1666, 1673-1674 
mestastases to, V2. 1654, 1659-1660, 

1662-1665, 1673-1674 
MR imaging techniques, V2: 1653— 1654 
normal chest, V2. 1655-1 657 
pleural disease, V2. 1666, 1671-1672 
protocol for, VI: 20, 22 
pulmonary infiltrates, V2: 1666, 

1668-1671 
pulmonary MRA: 

pulmonary emboli, V2: 1673, 

1675-1677 
vascular abnormalities, V2: 1673, 

1678-1684 
screening applications, V2: 1684 
Chiari II malformation, fetal assessment, 

ventriculomegaly, V2: 

1585-1592 
Child-Turcotte-Pugh scale, primary 

sclerosing cholangitis, VI: 304, 

311 
Chlamydia trachomatis, tubo-ovarian 

abscess, V2 1514, 1516-1517 
Chloroma: 

bladder, V2 1316, 1321 
kidney, V2 1109, 1111 
Cholangiocarcinoma : 

bile duct imaging, VI: 515-518, 521-526 
diffuse hepatocellular carcinoma, 

differential diagnosis, VI: 235 
extrahepatic, VI: 516-518, 525-527 
liver metastases, VI: 238-240, 242, 

247-249 
oriental cholangitis, differential 

diagnosis, VI: 502, 507 
peritoneal metastases, V2: 918, 923-925 
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portal venous compression, VI: 391 
primary sclerosing cholangitis, VI: 499 
Cholangiopathy, AIDS-related, VI: 505 
Cholangitis, infectious: 

hepatic abscess, VI: 418, 424-425 
MRCP imaging, VI: 499, 502-507 
Cholecystectomy, bile duct complications, 

VI: 511, 514-515 
Cholecystitis: 

acute cholecystitis, VI: 468-475 

chemoembolization-induced, VI: 468, 
476 
acute on chronic cholecystitis, VI: 468, 

475 
chronic, VI: 475, 477-478 
hemorrhagic, VI: 47 '5-477 
xanthogranulomatous, VI: All 
Cholecystolithiasis, sonographic imaging, 

VI: 464 
Choledochal cysts, MR imaging, VI: 505, 

508-510 
Choledochocele: 

ampullary carcinoma and, VI: 520, 530 
MR imaging, VI: 505, 511 
small intestine, VI: 115-116 
Choledocholithiasis : 
magnetic resonance 

cholangiopancreatography, VI: 
488-492 
in pregnancy, maternal imaging, V2: 
1564 
Cholestasis, primary sclerosing cholangitis, 
MRCP imaging, VI: 494, 
497-502 
Choline levels: 

breast NMR spectroscopy, V2: 1696 
prostate cancer, adenocarcinoma, V2. 
1352, 1356-1373 
Chordoma, abdominal wall metastases, V2. 

1274, 1289-1290 
Choroid plexus papillomas, fetal 

assessment, V2: 1598-1599 
Chronic cholecystitis, magnetic resonance 
cholangiopancreatography, VI: 
475, 477-479 
Chronic liver disease: 

autoimmune diseases, VI: 303-304, 
306-315 
autoimmune hepatitis, VI: 311-314 
primary biliary cirrhosis, VI: 314-315 
primary sclerosing cholangitis, VI: 
303-304, 306-311 
genetic diseases, VI: 315-317 

al -antitrypsin deficiency, VI: 315, 317 
Wilson disease, VI: 315-318 
hemangiomas, VI: 101, 103-106 
hepatitis: 

acute on chronic, VI: 321, 327 
chronic, VI: 321 
hepatocellular carcinoma, incidence and 

prevalence, VI: 190, 192 
nonalcoholic fatty liver disease, VI: 317, 

319-320 
radiation-induced hepatitis, VI: 321, 

331 
viral hepatitis, VI: 319, 321-330 



Chronic lymphocytic leukemia (CLL), 

splenomegaly, VI: 700-701 
Chronic membranous glomerulonephritis, 

V2: 1111, 1119 
Chronic pancreatitis, VI: 640, 648-665 
acute on chronic pancreatitis, VI: 656, 

657-663 
pancreatic adenocarcinoma: 
differential diagnosis, VI: 575 
risk for, VI: 552, 562-564 
pancreatic adenocarcinoma imaging, 

differential diagnosis, VI: 575 
Chronic prostatis, V2. 1373 
Chronic pyelonephritis, V2: 1126, 1128, 

1130 
Chronic renal failure: 

glomerular disease, V2. 1117-1120 
renal cell carcinoma, V2. 1098-1101 
Ciliated foregut hepatic cysts, VI: 60, 

66-70 
Circulating fibrocyte hypothesis, 

nephrogenic systemic fibrosis, 
V2: 1783 
Cirrhosis: 

autosomal dominant polycystic kidney 
disease, hepatic cysts, VI: 67, 
72 
biliary: 

primary sclerosing cholangitis, VI: 
304, 306-309, 311, 314-315, 
497-502 
regenerative nodules, VI: 333-334, 
339-345 
diffuse hyperperfusion and focal 

hyperperfusion abnormalities 
in, VI: 411, 414-415 
dysplastic nodules, VI: 340, 342, 

346-354 
fatty infiltration, VI: 333-334 
hemangiomas and, VI: 101, 103-106 
hepatocellular carcinoma incidence and 

prevalence, VI: 188-189, 192 
iron-containing nodules, VI: 334, 340, 

344-346 
iron overload, VI: 370 
liver metastases, differential diagnosis, 

VI: 257, 270 
macronodular regenerative nodules, VI: 

331-333, 339-340 
MR imaging studies, VI: 331-362 
nonalcoholic fatty liver disease, VI: 317, 

319-320 
omental metastases, differential 
diagnosis, V2: 923-924 
pathophysiology, VI: 321, 331 
in pediatric patients, VI: 317-318 
pediatric patients, imaging protocols, V2. 

1637, 1642 
portal hypertension, VI: 348, 351, 

359-362 
primary biliary cirrhosis, VI: 314-315 
small intestine, hypoproteinemia, VI: 

816, 824 
subcutaneous varices, V2. 121 A, 
1290-1291 
Cisterna chyli dilation, V2. 1237 



Citrate levels, prostate cancer, V2: 1352 
Clear cell carcinoma: 

endometriosis, V2: 1504, 1513 
malignant ovarian neoplasms, V2. 1533, 

1538-1540 
vaginal malignancies, V2: 1416, 
1420-1421 
Cleft palate, fetal assessment, V2: 
1595-1596 
head and neck imaging, V2. 1601— 1607 
Cloaca, persistent: 

fetal assessment, V2. 1614 
surgical repair, VI: 827, 833 
vaginal agenesis/partial agenesis, V2: 
1410-1411 
Cloacogenic carcinoma, liver metastases, 

VI: 128, 137 
Clostridium difficile, pseudomembranous 

colitis, VI: 883-884, 892 
Clubfoot, fetal assessment, V2. 1622 
Cocoon formation, intraperitoneal, V2. 945, 

947 
Coil systems, breast MRI, V2: 1693 
Collagen injections, pelvic floor relaxation, 

V2: 1408-1410 
Colloid carcinoma, breast cancer, V2. 1732, 

1734 
Colon cancer. See also Ascending colon; 
Proximal descending colon; 
Rectosigmoid colon; Sigmoid 
colon; Transverse colon 
adenocarcinoma, VI: 843-865 
cecum, VI: 843 

multifocal adenocarcinoma, VI: 848, 
853 
diverticulitis, differential diagnosis, VI: 

869, 878-879 
duodenal metastases, VI: 779, 782, 791 
imaging protocol for, VI: 16, 19-20 
liver metastases: 

biliary hamartoma, VI: 67, 76-77 
low-fluid-content metastases, VI: 149, 

154-155 
MR imaging: 

contrast agents, VI: 52-58 
primary site studies, VI: l6l, 
165-171 
post-chemotherapy, VI: 257, 269 
post-resection recurrence, VI: 256, 
261-262 
lymphoma, VI: 860, 867 
melamona, VI: 867, 869 
pancreatic metastases, VI: 619, 625, 628 
peritoneal metastases, V2. 918, 923-924, 

926 
polyps, MR colonography screening, VI: 

848, 851 
squamous cell carcinoma, VI: 860, 866 
stomach metastases, VI: 760 
ulcerative colitis and, VI: 867 
Colonic duplication, VI: 827, 832 
Colonic fistulae, VI: 883, 887-888 
Colonic lipoma, VI: 832, 840 
Colorectal adenocarcinoma, adenomatous 

polyps, VI: 829 
Colostomy, peristomal hernia, V2: 904, 909 
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Combined extracellular-intracellular 

gadolinium-based contrast 
agents, V2. 1768 
Common bile duct (CBD). See Bile duct 
Common hepatic duct (CHD), normal 

anatomy, VI: 456 
Computed tomography (CT): 
acute pancreatitis, VI: 628, 631 
adrenal gland imaging: 
metastases, V2: 998-1002 
MR imaging vs., V2: 971 
bladder cancer, transitional cell 

carcinoma, V2: 1308-1316 
chronic pancreatitis imaging, VI: 

648-665 
Crohn disease, VI: 791 
iodine-based contrast agents, V2: 1767 
kidneys: 

chronic renal failure, V2: 1098 
MRI vs.: 

Bosniak classification alteration, V2: 

1037 
calcified renal cysts, V2: 1042 
liver imaging: 

focal nodular hyperplasia, MR imaging 

vs., VI: 121, 129 
hepatic transplantation protocol, VI: 

292 
hepatocellular carcinoma, VI: 192 

MRI vs., VI: 192, 203-205 
metastases: 

computed tomography arterial 

portography vs. MRI, VI: 143, 
145-147 
spiral CT vs. MRI, VI: 128, 141-144 
mycobacterium avium intracellulare, 
VI: 433-435 
pancreatic cancer: 

adenocarcinoma, VI: 552, 558-559 

gastrinomas, VI: 591 

macrocystic serous cystadenoma, VI: 

607, 611-612 
peritoneal metastases, VI: 575, 
581-583 
renal cell carcinoma, MR imaging vs., 

V2: 1098-1099, 1102 
whole body imaging, VI: 41-42 
Computed tomography arterial 

portography (CTAP), liver 
imaging: 
hemangiomas, VI: 88, 100 
metastases imaging, MRI vs., VI: 143, 
145-147 
coexistent cysts, VI: 190 
portal venous thrombosis, VI: 397, 
399-400 
Computed tomography pulmonary 

angiography (CTPA), V2. 1673 
Computer-aided diagnosis, breast cancer, 

V2. 1691 
Concurrent disease, imaging protocol for, 

VI: 16, 19-20 
Congenital adrenal hyperplasia, female 
pseudohermaphroditism, V2. 
1415-1416 
Congenital heterotopias, stomach, VI: 736 



Congestive heart failure, liver imaging, VI: 

407, 411-413 
Conjoined twins, imaging studies, V2: 

1623-1624 
Connective tissue disease, cortical necrosis, 

renal artery, V2. 1137, 1142 
Conn syndrome, adrenal gland adenomas 
and hyperplasia, V2. 977, 
986-987 
Contrast agents: 

amniotic fluid as, V2. 1583-1585 
bladder imaging, V2: 1298-1299 
breast MRI, V2. 1694 
categorization, V2: 1161-1119 
contrast-induced nephropathy risk vs. 
nephrogenic system fibrosis 
risk assessment, V2: 1784-1786 
gadolinium-based, V2: 1767-1777 
classification, V2: 1768-1774 
complications, V2. 1119-1186 
early hepatic venous phase, V2: 111 6 
enhancement phases, V2. Ill A 
hepatic arterial dominant phase, V2: 

1774-1777 
hepatocyte phase, V2. 1777 
interstitial phase, V2: 111 6 
gastrointestinal tract imaging, VI: 725 
intraluminal, large intestine imaging, VI: 

892, 895-897 
iron-based, V2. 1777-1779 
liver imaging, VI: 50-58 
manganese-based, V2. 1778-1779 
pediatric imaging, V2: 1647 
Contrast-induced nephropathy (CIN): 
nephrogenic systemic fibrosis risk vs., 

V2. 1784-1786 
risk factors, V2. 1767 
Core needle biopsy: 

breast lesion underestimation, V2. 1722 
intraductal papilloma, V2. 1707, 1709 
multiple papillomatosis, V2: 1707-1710 
radial scar, V2. 1114 
Coronal plane imaging: 

biliary anastomosis, VI: 464, 466-467 

breast MRI, V2. 1693-1694 

female urethra, normal anatomy, V2: 

1401-1403 
hepatic transplantation, VI: 287, 289 
liver: 

hepatic cysts, VI: 60, 63-64 
hypovascular cystic metastases, VI: 

152 
metastases, VI: 128, 137-138, 143, 148 
Reidel lobe, VI: 58-59 
viral hepatitis, VI: 321, 323-324 
magnetic resonance 

cholangiopancreatography, VI: 
456, 459 
biliary anastomoses, VI: 464, 466-467 
normal biliary tree, VI: 464-465 
renal cell carcinoma, stage 3a, V2. 

1076-1077, 1079-1081 
vagina, V2. 1409-1410 
Corpus callosum, fetal assessment, MRI, 
V2. 1578-1583 
agenesis, V2. 1585-1592 



Corpus cavernosa: 

diffuse disease, V2. 1377-1380 
inflammatory disease, V2. 1380-1381 
normal anatomy, V2: 1375-1376 
Corpus luteal cysts, V2. 1500, 1503, 1504 
in pregnancy, maternal imaging, V2. 
1569 
Corpus spongiosum: 

diffuse disease, V2. 1377-1380 
normal anatomy, V2: 1375-1376 
Corrosive esophagitis, VI: 731 
Cortical development malformation, fetal 

assessment, V2. 1595-1596 
Cortical necrosis, renal artery disease, V2: 

1137, 1142 
Corticomedullary differentiation (CMD): 
acute tubular necrosis, V2: 1120, 1122 
crossed fused ectopia, V2. 1032, 1034 
renal artery disease, V2. 1133 
renal function, V2. 1112, 1116-1117 
renal parenchymal disease, V2. 
1112-1124 
obstruction, V2. 1121, 1125-1126, 
1128-1129 
renal transplants, V2. 1178-1184 
Cost issues, whole body MR imaging, VI: 

41-42 
Cranio-caudal view, breast MRI, V2: 

1693-1694 
"Creeping" fat, Crohn disease, VI: 785 
Crohn collitis, VI: 869, 872-874 
Crohn disease: 

acute on chronic, VI: 796, 803-804 
Crohn colitis, large intestine, VI: 869, 

872-874 
dilated stagnant bowel loop, VI: 796, 

805 
entero-vesical fistulae, VI: 810, 813 
infectious enteritis, differential diagnosis, 

VI: 810, 813-814 
mild to moderate, VI: 795-796 
moderate, VI: 797 
pelvic fistulae, VI: 810-812 
in pregnancy, VI: 796, 802 
primary sclerosing cholangitis, MRCP 

imaging, VI: 494, 497-502 
severe, VI: 793-794, 798-799 
severity criteria, VI: 796, 802 
small intestine, VI: 784-785, 791, 

793-805 
ulcerative colitis, differential diagnosis, 

VI: 785, 867-869, 870-874 
urethrovaginal fistulas, V2: 1408 
Crohn Disease Activity Index (CDAI), VI: 

196 
Cronkhite-Canada syndrome, colonic 

hamartomas, VI: 832 
Crossed fused kidney ectopia, V2 1032, 

1034-1035 
Cryotherapy: 

liver metastases, VI: 278, 286-287 
prostate cancer, V2. 1368-1373 
Cryptococcal abscess, spleen, VI: 

710-711 
Cryptococcus, spleen infection, VI: 
710-711 
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Cryptorchidism, V2. 1386-1388 

fetal assessment, V2: 1613-1614 
Cryptosporidium parvum, infectious 

enteritis, VI: 810, 813-814 
Cushing syndrome, adrenal glands: 
adenomas, V2. 971, 982-983 
cortical hyperplasia, V2: 969-971 
Cystadenofibroma, ovarian tumors: 
benign neoplasm, V2: 1520-1523 
borderline malignancy, V2: 1531-1532 
Cystectomy, bladder reconstruction, V2: 

1331, 1336 
Cystic adenomatoid malformation (CCAM), 
fetal assessment, V2. 
1604-1606, 1610-1612 
Cystic ectasia, benign prostatic hyperplasia, 

V2. 1349-1354 
Cystic fibrosis, pancreatic imaging, VI: 

544-548 
Cystic hygromas, fetal assessment, V2: 

1598, 1603 
Cystic nephroma, V2: 1060, 1063-1064 
Cystic teratoma, benign ovarian neoplasms, 

V2: 1520-1521, 1523-1528 
Cystitis, bladder, V2. 1326-1328 
hemorrhagic, V2: 1326, 1329 
Cystitis cystica, bladder, V2: 1326, 

1329-1330 
Cystitis glandularis: 

adenocarcinoma, V2. 1316, 1319-1320 
bladder, V2. 1326 
Cystoceles, female urethra, V2. 1408-1410 
Cysts. See also Pseudocysts 

abdominal/pelvic, fetal assessment, V2: 

1617, 1619 
adrenal glands, V2. 980-981, 984, 
991-993 
pheochromocytoma, V2: 1005-1111 
arachnoid, fetal assessment, V2: 

1594-1595 
bile duct, VI: 489, 493-494, 505, 
508-513 
choledochal cyst, VI: 505, 508-510 
Blake pouch cyst, fetal assessment, V2-. 

1591 
body wall, V2. 1274, 1280-1283 
breast, V2. 1700-1703 
cervix, nabothian cysts, V2: 1467-1468, 

1471 
choledochal cysts, MR imaging, VI: 505, 

508-510 
dacryocystocele, fetal assessment, V2: 

1604, 1607 
esophagus, duplication cysts, VI: 726, 

728 
fetal assessment: 

arachnoid cysts, V2: 1594-1595 
dacryocystocele, V2: 1604, 1607 
thoracic, V2: 1612 
ventriculomegaly, V2. 1590-1592 
gastric duplication cysts, VI: 736 
hepatic: 

autosomal dominant polycystic kidney 

disease, VI: 67, 71-72 
ciliated foregut, VI: 60, 66-70 
ciliated foregut cysts, VI: 60, 66-70 



coexistent metastases, VI: 165, 190 

hemorrhagic cyst, VI: 60, 65 

hydatid cyst, echinococcal disease, VI: 

430-431 
multilocular cyst, VI: 60, 65-66 
solitary (nonparasitic), VI: 60-66 
unilocular cyst, VI: 60-61 
hydatid cyst: 

liver imaging, VI: 430-431 
spleen, VI: 683, 687-690 
mesenteric cysts, V2: 907, 910 
ovarian, V2. 1500, 1502-1503 
dermoid cyst, V2. 1520-1521, 

1526-1529 
endometriotic cyst, V2: 1520, 

1522-1523 
functional cysts, V2. 1502, 1504-1506 
paraovarian/peritoneal cysts, V2: 1504, 

1508 
in pregnancy, differential diagnosis, 

V2. 1567, 1569-1570 
theca-lutein cysts, V2. 1504, 1507-1508 
prostate, V2. 1344, 1347-1349 
renal, V2. 1035, 1037-1064 

acquired dialysis-related cystic disease, 

V2. 1049, 1052, 1061-1062 
angiomyolipoma, V2: 1063-1068 
autosomal dominant polycystic kidney 

disease, V2. 1044, 1047, 

1052-1056 
autosomal recessive polycystic kidney 

disease, V2. 1047, 1056-1058 
calcified cysts, V2. 1042, 1048 
complex cysts, V2. 1037, 1040-1041 
fetal assessment, V2: 1614— 1616 
hemhorragic/proteinaceous cysts, V2: 

1037, 1042-1047 
medullary cystic disease, V2: 1049, 

1059-1060 
medullary sponge kidney, V2: 1049, 

1060 
multicystic dysplastic kidney, V2: 

1047-1049, 1058 
multilocular cystic nephroma, V2: 

1060, 1063-1064 
perinephric pseudocysts (parapelvic 

cysts), V2: 1042, 1044, 1050 
septated cysts, V2. 1042, 1047 
simple renal cysts, V2: 1035, 1037 
thickened wall and infiltration, V2: 

1043, 1049 
tuberous sclerosis, V2. 1066, 1069-1071 
von Hippel-Lindau disease, V2: 1066, 

1068, 1072 
seminal vesicles, V2: 1382, 1384 
spleen: 

epidermoid cysts, VI: 683, 688 

hydatid cyst, VI: 683, 687-690 

testes, scrotum and epididymis, V2: 

1386, 1389 
thoracic, fetal assessment, V2: 1612 
urachal, V2. 1300-1301 
vaginal: 

Bartholin glands cyst, V2. 1416-1418 
cavernous hemangioma, V2: 141 6, 

1420 



Gartner duct cysts, V2: 141 6, 
1418-1419 
Cytomegalovirus : 

esophageal infection, VI: 151-134: 
infectious colitis, VI: 888 
splenomegaly and, VI: 709-711 

Dacryocystocele, fetal assessment, V2: 

1604, 1607 
Dandy- Walker complex, fetal assessment: 
posterior fossa anomalies, V2: 1591, 

1593-1597 
ventriculomegaly, V2: 1585-1592 
Denys-Drash syndrome, Wilms tumor and, 

V2: 1103-1106 
Dermatofibrsarcoma protuberans, breast 

cancer, V2. 1139-1141 
Dermoid cyst: 

benign ovarian neoplasms, V2: 
1520-1521, 1526-1529 
pediatric patient, imaging protocol, V2: 
1631, 1643 
Desmoid tumor, V2. 912-914 
Gardner syndrome, V2: 1274, 
1280-1283 
Diabetes mellitus, seminal vesicle 

calcification, V2. 1382, 1385 
Dialysis, acquired cystic disease, V2: 1049, 

1052, 1061-1062 
Diaphragm: 

fetal assessment: 

anomalies, V2: 1604, 1612 
hernia, V2. 1604-1605, 1608-1609 
hernias in, V2. 904-909 
Didelphys uterine anomaly, V2: 1441, 
1444-1446 
vaginal duplication, V2: 1412, 
1414-1415 
Diethylstilbestrol (DES) exposure: 
ovarian anomalies, V2: 1503 
uterine anomalies, V2: 1448 
vaginal malignancies, V2: 1416, 
1420-1426 
Diffuse hyperperfusion abnormality, liver 
imaging, VI: 389-391, 411, 
414-415 
Diffuse infiltrative gastric adenocarcinoma, 

VI: 738, 741 
Diffuse infiltrative hepatocellular 

carcinoma, VI: 212, 227, 
234-238 
Diffuse pancreatic adenocarcinoma, VI: 

570, 576 
Diffusion- weighted imaging (DWI), breast, 

V2: 1696 
Diffusion-weighted single-shot echo planar 
imaging: 
fetal assessment, V2-. 1561 
non-fat-suppressed vs. fat-suppressed 
images, VI: 35-37 
Dilated stagnant bowel loop, Crohn 

disease, VI: 796, 805 
Direct tumor invasion: 

renal cell carcinoma metastases, V2: 

1082, 1084-1085 
splenic metastases, VI: 704-705 
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Disease-based strategies: 

MR imaging sequences, VI: 14-24 
screening applications, V2: 1684 
whole body imaging, VI: 41-42 
Disease conspicuity, abdominal-pelvic MRI, 
signal intensity differences and, 
VI: 1-2 
Distal esophagomyotomy, achalasia, VI: 

732, 734 
Distribution of area enhancement, breast 

cancer imaging, V2\ 1723 
Diverticula, congenital: 
bladder, V2: 1299-1301 
female urethra, V2. 1405-1407 
small intestine: 

duodenal, VI: 770, 772-774 
Meckel diverticulum, VI: 110, 11 A 
stomach, VI: 156-158 
Diverticular abscess, VI: 874, 876-877 
Diverticulitis, VI: 869, 874-879 

pericolonic abscess, VI: 874, 877 
Diverticulosis, VI: 869, 874 
Dixon breath-hold imaging technique, 
adrenal glands: 
adenoma, V2. 971, 979 
normal anatomy, V2. 964-968 
Donor assessment, hepatic transplantation 

protocol, VI: 287-291 
Dotarem gadolinium-based contrast agent, 

V2: 1768 
"Double duct sign," pancreatic cancer, bile 
duct obstruction, VI: 552, 
562-564 
Double-echo out-of-phase imaging, adrenal 

glands, V2: 963-968 
Double surface coils, bladder imaging, V2: 

1298-1299 
Drug toxicity, small intestine, VI: 810, 817 
Ductal carcinoma in situ (DCIS): 
benign masses, V2. 1115, 1717-1721 
breast cancer, risk and prevalence, V2: 

1723 
diagnostic criteria, V2: 1699-1700 
intraductal papilloma, differential 
diagnosis, V2. 1707-1709 
Ductal intraepithelial neoplasia (DIN): 
ductal carcinoma in situ, benign lesions, 

V2. 1715, 1718-1721 
fibroadenomas, V2. 1702-1706 
Duct-ectatic mucin-producing tumor, MR 

imaging, VI: 614—621 
Duke colon cancer classification, fallopian 
tube carcinoma, V2. 1551, 1554 
Duodenum: 

adenocarcinoma, VI: 111, 781-782 
Peutz-Jeghers syndrome, VI: 832 
colon cancer metastases, VI: 119, 782, 791 
Crohn disease in, VI: 785, 799 
diverticulum, VI: 770, 772-774 
hematoma, VI: 816, 823 
inflammatory disease (duodenitis), VI: 

810, 813-814 
leiomyoma, VI: 115, 780 
MALToma, VI: 779, 786 
neurofibroma, VI: 775, 779 
varices, VI: 775, 781 



Duplication anomalies: 

cervix, V2: 1441, 1444, 1447-1449 
colonic duplication, VI: 827, 832 
enteric duplication cyst, fetal assessment, 

V2. 1617, 1619 
esophageal, VI: 726, 728 
female urethra, V2: 1403 
gastric duplication cysts, VI: 736 
kidney, V2. 1613 
vagina, V2. 1412, 1414-1415 
Dynamic contrast-enhanced breast MRI, 

V2. 1695-1696 
Dysgerminomas, ovarian malignancies, V2: 

1533 
Dysplastic nodules (DNs): 

cirrhosis, VI: 340, 342, 346-354 
hepatocellular carcinoma, VI: 189, 198, 
202, 212, 357-358 
Dysproteinemia , angioimmunoblastic 
lymphadenopathy, splenic 
involvement, VI: 700-702 

Early hepatic arterial dominant phase 

(EHADP) imaging, 

gadolinium-based contrast 

agent, V2. 1774-1777 
Echinococcal disease, liver imaging, VI: 

430-433 
Echo time (TE): 

3T MR imaging, VI: 32-36 

adrenal gland imaging, V2: 963-968 

kidney imaging, paroxysmal nocturnal 

hemoglobinuria, V2: 1121, 

1127 
magnetic resonance 

cholangiopancreatography, VI: 

456 
small intestine imaging, VI: 1 61-110 
whole body imaging, VI: 40-42 
Echo-train short-tau inversion recovery 

(Echo-train-STIR) imaging, liver 

imaging: 
focal nodular hyperplasia, VI: 

121-127 
hemangiomas, VI: 88, 97-99 
hepatic cysts, VI: 60, 63 
hepatocellular carcinoma, VI: 192, 

195-197 
metastases characterization, VI: 128, 

140-141 
primary sclerosing cholangitis, VI: 304, 

306-308 
Echo-train spin-echo (ETSE) sequences: 
abdominal-pelvic imaging, VI: 6-10 
fat-suppressed echo-train spin-echo 

sequences, VI: 7-10 
single-shot echo-train spin-echo 

sequences, VI: 7-8 
adnexa, V2. 1499-1500 
aortic dissection, V2: 1201, 1208-1212 
bladder, V2. 1298 
chest imaging, V2. 1653-1654 
colon cancer, VI: 848, 854-857 
Gaucher disease, VI: 683 
imaging parameters, VI: 23-24 
kidney imaging, V2. 1029-1031 



lung cancer, pulmonary nodules, V2: 

1654, 1657, 1662-1665 
magnetic resonance 

cholangiopancreatography, VI: 
456-461 
male pelvis, V2. 1343-1344 
noncooperative patients, VI: 25 
pediatric patients, V2: 1644 
peritoneal inflammation, abscess, V2: 

951, 954-959 
placental imaging, V2: 1625-1627 
rectal adenocarcinoma, VI: 848-850, 
852, 857-860 
fibrosis, VI: 852, 861-865 
rectum, VI: 824, 827 
retroperitoneum imaging, V2: 1194 
benign lymphadenopathy, V2: 

1247-1250 
malignant metastatic 

lymphadenopathy, V2: 
1258-1263 
primary neoplasms, V2: 1266, 1271 
uterine-cervical MRI, V2: 1434 
Eclampsia, liver imaging, VI: 407, 410-411 
Ectopic kidney, V2. 1032-1033 

fetal assessment, V2: 1615 
Ectopic pregnancy: 

cesarean scar pregnancy, V2: 1577-1580 
sites for, V2. 1517 

theca-lutein ovarian cysts, V2: 1504, 
1507-1508 
Edema: 

bladder, V2. 1324 
ovarian torsion, V2: 1514—1516 
Edge artifact, breast MRI, V2. 1695 
Ejaculatory duct, cysts, V2: 1344, 

1347-1349 
Embryonal carcinoma, testes lesions, V2: 

1390-1396 
Embryonal rhabdomyosarcoma, 

retroperitoneal imaging, V2: 
1266, 1272 
Encephalocele, fetal assessment, V2: 

1594-1595, 1597 
Endarteritis, small intestine, radiation 

enteritis, VI: 816, 818 
Endodermal sinus tumors, ovarian 

malignancies, V2. 1533-1534, 
1542-1544 
Endoluminal aortic graft placement, V2: 

1214, 1216, 1224-1227 
Endoluminal coil imaging, uterus, V2: 

1433 
Endometrial cancer: 

adrenal metastases, V2: 994-995, 

998-999 
carcinoma, V2: 1468, 1470-1481 
endometriosis, V2: 1504, 1513 
fallopian tube metastases, VI: 155, 

1551 
hemorrhagic ovarian cyst, V2: 1500, 

1503 
polycystic ovarian syndrome, V2: 
1509, 1514 
liver metastases, imaging studies, VI: 
149, 151 
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Endometrial hyperplasia, V2: 1448-1450 
malignant ovarian neoplasms and, V2. 
1542, 1545-1547 
Endometrial polyps, V2: 1448-1450 
malignant ovarian neoplasms and, V2: 
1542, 1545-1547 
Endometrioid tumors: 

benign ovarian neoplasm, V2. 1520-1523 
malignant ovarian neoplasms, V2. 1533, 
1538 
Endometrioma: 

overian benign neoplasms, V2: 

1504-1505, 1509, 1512-1513 
pregnancy-related, V2. 1504, 1513, 1569, 
1574-1575 
Endometriosis, V2. 911 

abdominal wall, V2. 1504-1507, 1513 
bladder involvement, V2: 1326 
body wall masses, V2. 121 A, 1282 
ovarian benign disease, V2. 1504-1507, 

1510-1513 
in pregnancy, cervical, V2. 1569, 
1573-1574 
Endometritis, postpartum uterus, V2: 

1578-1580 
Endometrium, vaginal agenesis/partial 

agenesis, V2. 1410-1413 
Endorectal coil MRI: 
bladder, V2. 1298-1299 
coil imaging, rectal adenocarcinoma, VI: 

850, 857 
female urethra, normal anatomy, V2. 

1401-1403 
male pelvis, V2. 1343-1344 
rectum, VI: 824, 827 
vagina, V2: 1410 
Endoscopic retrograde 

cholangiopancreatography 
(ERCP): 
biliary anastomoses, VI: 464, 466-467 
choledocholithiasis, MRCP vs., VI: 

488-489 
intraductal papillary mucinous 

neoplasms, VI: 615 
MR imaging vs., VI: 455 
pancreas divisum, VI: 541 
pancreatic adenocarcinoma, bile 

duct obstruction, VI: 552, 
562-564 
primary sclerosing cholangitis, VI: 

497-502 
T2-weighted MRCP, VI: 456-457 
Endothelial cysts, adrenal glands, V2: 981, 

984, 991-993 
Endovaginal coil imaging: 
female urethra: 

diverticulum, V2. 1405, 1407 
normal anatomy, V2: 1401-1403 
uterus, V2. 1433 
vagina, V2: 1410 
Endovascular graft, postsurgical evaluation, 

V2: 1214, 1216, 1226 
End-stage kidney disease, hypertension, 

V2: 1146-1147 
Entamoeba histolytica, hepatic abscess, VI: 
430 



Enteric abscesses, gastrointestinal tract 

imaging, VI: 725 
Enteric duplication cyst, fetal assessment, 

V2: 1617, 1619 
Enteric fistulae, gastrointestinal tract 

imaging, VI: 725 
Enteritis: 

radiation-induced, large intestine, VI: 

888, 892-894 
small intestine: 

infectious, VI: 810, 813-814 
radiation enteritis, VI: 815-816, 818 
Enterobacter spp., prostate infection, V2-. 

1373-1374 
Enteroceles, female urethra, V2-. 1408-1410 
Enterocystoplasty, bladder reconstruction, 

V2: 1331, 1335 
Entero-vesical fistulae, Crohn disease, VI: 

810, 813 
Eosinophilic gastroenteritis, small intestine, 

VI: 809 
Eovist gadolinium-based contrast agent, 

V2: 1768, 1771-1772 
Epidermoid cysts, spleen, VI: 683, 688 
Epididymis: 

congenital anomalies, V2: 1386 
cystic lesions, V2. 1386, 1389 
infectious disease, V2: 1397-1398 
MR imaging, V2. 1385 
normal anatomy, V2. 1383-1384 
Epignathi, fetal assessment, V2: 1599 
Epispadias, V2: 1376 
Epithelial ovarian neoplasms: 
benign tumors, V2: 1518-1523 
malignant tumors, V2: 1531-1533 
primary peritoneal carcinoma, 

differential diagnosis, V2: 912, 
917 
Epithelioid hemangioendothelioma (EHE), 

liver metastases, VI: 251-253 
Epstein-Barr virus, splenomegaly and, VI: 

709-711 
Epulis, congenital, fetal assessment, V2: 

1601, 1605 
Erectile dysfunction, congenital anomalies 

and, V2: 1376 
Erythropoietin levels, nephrogenic systemic 

fibrosis and, V2. 1782-1783 
Escherichia coli, prostate infection, V2: 

1373-1374 
Esophageal varices: 

cirrhosis, portal hypertension, VI: 351, 

361 
MR imaging, VI: 727 
Esophagitis: 

radiation-induced, VI: 730-731 
reflux, VI: 729-730, 732 
Esophagus. See also Lower esophageal 
sphincter 
benign masses, leiomyomas, VI: 726-728 
duplication cysts, VI: 726, 728 
infectious disease, VI: 731-734 
inflammatory disease: 

corrosive esophagitis, VI: 731 
radiation esophagitis, VI: 730-731 
reflux esophagitis, VI: 729-730, 732 



malignant masses, VI: 729-731 
metastases to: 

achalasia, VI: 732, 734 
esophageal cancer, differential 
diagnosis, VI: 729, 731 
MR imaging, VI: 726 
normal anatomy, VI: 725-726 
Estrogen receptors, invasive ductal 

carcinoma, V2. 1723-1727 
Ewing sarcoma, pelvic metastases, V2: 

1274, 1288 
Examination duration, MR imaging 

strategies and, VI: 14-24 
Exophytic focal nodular hyperplasia 

(FNH), MR imaging, VI: 121, 
133-134 
Exophytic gastric adenocarcinoma, VI: 

738 
Exstrophic bladder, V2: 1299 

adenocarcinoma, V2: 1316, 1319-1320 
fetal assessment, V2: 16 17-1618 
Extracellular contrast agents, 

gadolinium-based, V2: 
1768-1774 
Extrahepatic ducts, variations, VI: 460, 464 
Extramedullar hematopoiesis (EH): 
kidney myelofibrosis, V2: 1068, 1073 
liver MR imaging, VI: 67, 79-80 
retroperitoneal masses, V2. 1249, 1251 
Extrarenal pelvis, V2: 1164, 1170 
Extremeties, fetal MRI, V2. 1620-1622 
Ex utero intrapartum treatment (EXIT), 

fetal head and neck anomalies, 
MRI, V2. 1598-1699, 1601-1607 

Fallopian tubes: 

carcinoma, V2: 1550-1552 
endometriosis, V2: 1505 
hydrosalpinx, V2: 1517 
metastases to, V2. 1551-1553 
normal anatomy, V2. 1500, 1503 
paraovarian cysts of Morgagni, V2: 1504, 

1508 
tubo-ovarian abscess, V2: 1514, 
1516-1517 
Familial adenomatous polyposis syndrome, 

VI: 829, 832, 837-838 
Fast spin-echo sequences, VI: 6 

breast, silicone implants, V2: 1 688-1 689, 

1757-1759 
vaginal metastases, V2: 1421-1426 
Fat detection: 

adrenal gland myelolipoma, V2: 

979-980, 988-990 
adrenal gland pheochromocytoma, V2. 

1005-1111 
echo-train spin-echo sequences, VI: 6-7 
gradient echo sequences, VI: 3 
hepatocellular carcinoma, VI: 192, 

209-212 
liver imaging: 

angiomyolipomas, VI: 67, 70, 80-81 
hepatocellular adenoma, VI: 107, 

109-114 
iron deposition coexistence, VI: 371, 
376 
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Fat detection: {Continued) 

out-of-phase (opposed-phase) spoiled 
gradient echo sequences, VI: 
4-5 
ovaries, benign germ cell tumors, V2: 

1520-1521, 1526-1529 
pancreas, uneven fatty infiltration, VI: 
542, 545 
Fat necrosis (FN), breast-conserving 

therapy, V2: 1746, 1749-1752 
Fat-suppressed (FS) echo-train spin-echo 
sequences: 
abdominal-pelvic imaging, VI: 7-10 
adrenal gland imaging, V2: 963-968 

neuroblastoma, V2. 1013-1017 
breast MRI, V2. 1695 
chronic pancreatitis, VI: 649, 652, 

653-654 
esophageal imaging, VI: 726-727 
gastrointestinal tract, VI: 725 
hepatic transplantation, ischemic 

changes, VI: 287, 290-292 
liver imaging, VI: 46-48 

angiomyolipomas, VI: 67, 70, 80-81 
computed tomography vs., VI: 128, 

141-144 
hepatocellular carcinoma, diffuse 
infiltrative, VI: 212, 227, 
234-238 
hypovascular metastases, VI: 149, 

155-157 
metastases, VI: 128, 138-139 
mycobacterium avium intracellulare, 

VI: 433-435 
primary sclerosing cholangitis, VI: 

304, 309-311 
viral hepatitis, VI: 321, 323-325 
pediatric patients, V2: 1637 
renal function, V2. 1112, 1116-1117 
renal function assessment, V2: 1112, 

1116-1117 
retroperitoneum: 

benign lymphadenopathy, V2: 

1247-1250 
lymphoma, V2. 1253-1257 
malignant metastatic 

lymphadenopathy, V2: 
1258-1263 
Fat-suppressed gradient echo sequences: 
adnexa, V2. 1499-1500 
adrenal glands, V2. 963-968 

adrenal cortical carcinoma, V2: 998, 

1002-1006 
metastases, V2. 995-1002 
aortic graft evaluation, V2: 1214, 1216, 

1224-1227 
aortoiliac atherosclerotic disease/ 

thrombosis, V2: 1204, 1207, 
1214-1223 
basic principles, VI: 4 
bile duct, papillary adenoma, VI: 511, 

515 
bladder, V2. 1298 

fistulas, V2. 1331-1335 
transitional cell carcinoma, V2: 
1307-1316 



breast MRI, V2. 1695 

cavernous hemangioma, V2: 14 16, 1420 

cirrhosis, portal hypertension, VI: 348, 

351, 359-362 
colon cancer, VI: 843-865 
esophageal imaging, esophageal varices, 

VI: 727, 729 
esophagus, malignant masses, VI: 

729-731 
kidneys: 

angiomyolipomas, V2: 1063-1068 
renal function assessment, V2: 1112, 
1116-1117 
large intestine: 

lipomas, VI: 832, 839-840 
ulcerative colitis, VI: 867-868, 
870-871 
liver imaging: 

hepatic cysts, VI: 60-62, 64 
metastases detection and 

characterization, VI: 128, 
137-143 
magnetic resonance 

cholangiopancreatography, VI: 
460-461 
ovaries: 

endometriomas, V2: 1506, 1509-1512 
pelvic inflammatory disease, V2\ 1514, 
1516-1517 
pancreas, VI: 536-541 

acute pancreatitis, VI: 628, 636-647 
annular pancreas, VI: 542-544 
chronic pancreatitis, VI: 648-665 
cystic fibrosis, VI: 545-548 
islet-cell tumors, VI: 590-598 
pancreatic adenocarcinoma, VI: 552, 
555-556, 570, 577-578 
peritoneal inflammation: 

abscess, V2. 949, 951, 954-959 
pancreatitis, V2: 940-942, 946, 949 
peritoneal metastases, V2: 923-924 
pleural disease imaging, V2: 1666, 

1671-1672 
rectum, techniques, VI: 827, 831 
renal function, V2. 1112, 1116-1117 
retroperitoneum, V2: 1193-1194 
scrotal hernia, V2. 1390 
small intestine, VI: 775, 781 

adenocarcinoma, VI: 111, 781-782 
Crohn disease, VI: 785, 791, 793-805 
gastrointestinal stromal tumor, VI: 119, 

783-785 
infectious enteritis, VI: 810, 813-814 
ischemia and hemorrhage, VI: 81 6, 

819-823 
polyps, VI: 115, 111-118 
radiation enteritis, VI: 816, 818 
stomach, VI: 734 

gastric adenocarcinoma, VI: 743 
gastrointestinal stromal tumors, VI: 
743, 748, 752-758 
vessel imaging, inferior vena cava 
thrombus, V2. 1229-1237 
Fat suppression effects: 

3T MR imaging, ETSE vs. SGE 
sequences, VI: 33 



magnetic resonance imaging variables, 

VI: 13-15 
single-shot echo-train spin-echo vs. 
single-shot echo planar 
imaging, VI: 33-34 
Fatty liver: 

focal nodular hyperplasia and, VI: 379 

hepatocellular carcinoma and, VI: 380 

imaging studies, VI: 371, 373, 377-387 

adenomatosis, VI: 114-115 

fat-suppressed echo-train spin-echo 

sequences, VI: 7-10 
focal imaging, VI: 371, 377 
focal nodular hyperplasia, MRI vs. CT, 

VI: 121, 129 
focal sparing, VI: 511, 384-385 
hemangiomas, VI: 106 
hepatic transplantation, VI: 299, 303 
metastases, VI: 128, 140-142 

adenoma, VI: 128, 142 
mild infiltration, VI: 311, 380 
minimal infiltration, VI: 311, 380 
moderately severe diffuse infiltration, 

VI: 377, 381-382 
multiple small foci, VI: 371, 378-379 
nonalcoholic fatty liver disease, VI: 

317, 319-320 
segmental variation, VI: 311, 386-387 
severe infiltration, VI: 377, 382-383 
pediatric patients, V2: 1644 
Feridex, iron-based contrast agent, V2: 

1778-1779 
Ferric ammonium citrate, positive 

intraluminal contrast agents, 
large intestine imaging, VI: 895 
Ferumoxide contrast agents, V2: 1778-1779 
Ferumoxtran contrast agents, V2: 

1778-1779 
Fetal assessment: 
anomalies: 

abdominal/pelvic cysts, V2: 1617-1620 
abdominal wall defects, V2. l6l 5-1617 
central nervous system, V2: 1584-1585 
congenital hemangioma, V2: 1604, 

1607 
cortical development anomalies, V2: 

1595-1596 
cystic renal disease, V2: 1614— l6l6 
destructive lesions, V2: 1596-1601 
developmental, V2. 1594-1595 
gastrointestinal system, V2: 1614— 1615 
head and neck, V2. 1598-1599, 

1601-1607 
hernia, V2. 1604-1605, 1608-1609 
hydronephrosis, V2: 1613-1614 
kidneys, V2. 1612-1613 
persistent cloaca, V2. 1614 
posterior fossa, V2. 1591, 1593-1597 
pulmonary maformations, V2: 
1605-1606, 1610-1612 
renal agenesis, V2. 1613 
renal ectopia and fusion abnormalities, 

V2. 1613 
thoracic cysts, V2: 1612 
thorax, V2. 1604, 1612 
ventriculomegaly, V2. 1585-1592 
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extremities, V2: 1620-1622 

fetal weight and amniotic fluid, V2: 

1622-1623 
MR imaging techniques, V2: 1561 , 1578 
multiple gestation, V2: 1623-1624 
neoplasms: 

abdominal, V2. 1617-1620 
brain, V2. 1598-1599, 1600-1607 
thoracic, V2. 1612 
normal anatomy: 

abdomen and pelvis, V2: 1583-1585 
central nervous system, V2: 1578-1583 
head and neck, V2. 1583 
thorax, V2. 1583 
placental imaging, fetal demise, V2: 

1623, 1625-1627 
safety and procedures, V2: 1559-1561 
Fetal demise, invasive placenta, V2: 1625, 

1627 
Fetal weight, MR imaging and, V2. 

1622-1623 
Fibroadenolipoma, V2: 1709, 1711 
Fibroadenoma (FA), breast, V2: 1702-1706 
Fibrocystic breast changes (FCC), V2. 1712, 

1714-1716 
Fibroids, uterine, V2: 1456, 1462-1464. See 
also Leiomyomas 
in pregnancy, maternal imaging, V2: 
1567 
Fibrolamellar carcinoma, imaging studies, 

VI: 238-239 
Fibromas: 

benign ovarian neoplasms, V2: 
1525-1526, 1529-1530 
malignant ovarian neoplasms, V2: 1540, 
1542, 1545-1547 
Fibromatosis, aggressive, V2. 912-914 
Fibromuscular dysplasia, renal arteries and, 

V2. 1133, 1137 
Fibrosarcoma, abdominal wall metastases, 

V2. 1274, 1287 
Fibrosis: 

bladder, transitional cell carcinoma 
recurrence, differential 
diagnosis, V2. 1308, 1316 
chronic pancreatitis, VI: 648-665 
cirrhosis and, VI: 333, 335-338 

varices, VI: 351, 362 
Crohn disease, VI: 785 
liver: 

autoimmune hepatitis and, VI: 312-314 
chronic hepatitis, VI: 321, 330 
diffuse hepatocellular carcinoma, 

differential diagnosis, VI: 235 
fetal assessment, renal cysts, V2: 

1614-1616 
hepatic transplantation, VI: 299, 304 
hepatocellular adenoma, VI: 113 
ovarian, endometriosis, V2: 1506-1507, 

1509-1512 
penis and urethra inflammatory disease, 

V2: 1380-1381 
primary sclerosing cholangitis, VI: 

497-502 
rectosigmoid colon adenocarcinoma, VI: 
852, 858, 861-865 



retroperitoneum : 

benign masses, V2. 1240, 1242-1244 
lymphoma, V2. 1253-1257 
malignant masses, V2: 1249, 
1252-1253 
Fibrothecoma: 

benign ovarian neoplasms, V2: 

1525-1526 
malignant ovarian neoplasms, V2: 1540, 
1542, 1545-1547 
Fibrous histiocytoma: 

abdominal wall metastases, V2: 121 A, 

1286 
inferior vena cava, V2: 1240-1241 
Fibrous stromal tumors, benign ovarian 

neoplasms, V2. 1518-1523 
Field-focusing effect, 3T MR imaging, VI: 

33 
Field of view (FOV): 

breast MRI, V2. 1692-1693 
parallel MR imaging, VI: 29-31 
three-dimensional gradient echo 

sequences, VI: 3 
uterine-cervical MRI, V2: 1434 
whole body imaging, VI: 36, 38 
FIGO (International Federation of 

Gynecology and Obstetrics) 
classification: 
cervical cancer, V2: 1482-1488 
endometrial carcinoma, V2: 1470, 

1472-1474 
fallopian tube carcinoma, V2: 1551 
ovarian cancer, epithelial tumors, V2: 

1532-1533 
vaginal malignancies, V2: 1416, 
1420-1426 
Fistulae: 

arteriovenous fistulas, liver imaging, VI: 

388-392 
bladder, V2. 1326, 1331-1335 

cervical cancer metastases, V2: i486, 
1489 
colonic fistulae, VI: 883, 887-888 
Crohn disease: 

entero-vesical, VI: 810, 813 
pelvic, VI: 810-812 
enteric, gastrointestinal tract imaging, VI: 

725 
female urethra, V2: 1407-1408 
peritoneal, pelvic abscess and, V2: 951, 

959 
small intestine, VI: 810-813 
vaginal, V2. 1421, 1426, 1429-1430 
Floating gallstones, T2-weighted imaging, 

VI: 464, 469 
Focal hyperperfusion abnormality (FHA), 

liver imaging, VI: 414—415 
Focal nodular hyperplasia (FNH): 

Budd-Chiari syndrome, VI: 403, 406-407 
fatty liver and, VI: 379 
hemangiomas and, VI: 90 
hepatocellular adenoma, differential 

diagnosis, VI: 113 
hepatocyte-specific contrast agents, 
imaging studies, V2: 1768, 
1770-1771 



hypervascular liver metastases, 

differential diagnosis, VI: 111, 
180 
liver metastases, differential diagnosis, 

VI: 111, 180 
MR imaging, VI: 119, 121-136 
contrast agents, VI: 54, 55-58 
exophytic FNH, VI: 121, 133-134 
fatty infiltration, VI: 121, 130-132 
in fatty liver, CT comparison, VI: 121, 

129 
large-sized FNH, VI: 121, 127 
medium-sized FNH, VI: 121, 123-126 
Foldover artifacts, parallel MR imaging, VI: 

29-30 
Follow-through MR imaging, small 
intestine: 
Crohn disease, VI: 796 
enteroclysis, VI: 161-110 
Foregut hepatic cysts, VI: 60, 66-70 
Foreign bodies, intraperitoneal, V2: 

945-947 
Frequency-selective fat-suppression 
methods, gradient echo 
sequences vs., VI: 3 
Fungal infection: 

hepatic parenchyma, VI: 433, 435-438 
hepatic transplantation, VI: 299, 305 
renal candidiasis, V2: 1155 
spleen, VI: 710-711 

Gadofosveset trisodium (Vasovist), vessel 

imaging, V2: 1198-1200 
Gadolinium-based contrast agents 

(GBCAs), V2: 1767-1777 
breast feeding and, V2: 1786 
chronic toxicity, V2: 1876 
classification, V2. 1168-1114 
complications, V2. 1779-1786 
early hepatic venous phase, V2: 111 6 
enhancement phases, V2: 1768, 1770, 

1774 
hepatic arterial dominant phase, 

V2: 1114-1111 
hepatocyte phase, V2. 1768, 1770, 1777 
interstitial phase, V2: 111 6 
nephrogenic systemic fibrosis, V2: 

1780-1786 
pharmacokinetics, V2: 1781-1782 
toxicity studies, V2. 1119-1186 
Gadolinium-enhanced imaging. See also 

MultiHance contrast agent 

(Gd-BOPTA); Primivist 

(Gd-EOB-DTPA)-enhanced 

imaging 
acute cholecystitis, VI: 468, 470-475 
adnexa, V2. 1499-1500 
adrenal glands, V2. 963-968 
metastases, V2. 995-1002 
aorta, V2. 1200-1227 

aortic dissection, V2. 1201, 1208-1212 
aortic graft evaluation, V2: 1214, 1216, 

1224-1227 
aortoiliac atherosclerotic disease/ 

thrombosis, V2. 1204, 1207, 

1214-1223 
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Gadolinium-enhanced imaging {Continued) 
appendicitis diagnostic imaging, VI: 874, 

879-881 
bile duct, cholangiocarcinoma, VI: 

517-518, 521-526 
bladder, V2: 1298 

congenital anomalies, V2-. 1299-1301 
cystitis, V2: 1326-1328 
fistulas, V2: 1331-1335 
neurofibromas, V2. 1304-1305 
papilloma, V2. 1300-1301 
radiation changes, V2: 1337 
squamous cell carcinoma, V2: 

1316-1319 
transitional cell carcinoma, V2: 
1307-1316 
breast, V2. 1688, 1690-1691 
breast cancer, V2: 1723 
chest imaging, V2: 1654 
hilar and mediastinal 

lymphadenopathy, V2: 
1666-1667 
pulmonary emboli, V2: 1673, 
1675-1677 
cirrhosis, portal hypertension, VI: 348, 

351, 359-362 
colon cancer, VI: 843-865 
lymphoma, VI: 860, 867 
melanoma, VI: 867, 869 
perirectal/peritoneal metastases, VI: 
848, 854-857 
contrast agents, V2: 11 6l -1111 
disease detection and characterization, 

VI: 2 
esophageal imaging, VI: 726-727 
esophageal varices, VI: 727, 729 
leiomyomas, VI: 726-728 
malignant masses, VI: 729-731 
reflux esophagitis, VI: 730, 732 
fat effects and, VI: 13-15 
fat-suppressed gradient echo sequences, 

VI: 4 
female urethral diverticulum, V2: 

1405-1407 
gallbladder: 

acute cholecystitis, VI: 472-475 
adenomyomatosis, VI: 480, 484 
carcinoma, VI: 481, 485-486 
neoplastic polyps, VI: 480, 482-483 
gastrointestinal tract, VI: 725 
hepatic abscess, pyogenic, VI: 418, 

422-432 
hepatic transplantation, ischemic 

changes, VI: 287, 290-292 
hepatocyte targeting, contrast agents, 

VI: 50-58 
kidneys, V2. 1029-1031 

fibromuscular dysplasia, V2: 1133, 

1136-1137 
hemodialysis effects, V2: 1102 
hypertrophic kidney, V2: 1032, 1037 
iron deposition, V2: 1121, 

1125-1127 
lymphoma, V2. 1106-1110 
myelofibrosis, V2: 1073 
pelvic kidney, V2. 1032 



perinephric pseudocyst, V2: 1042, 

1044, 1050 
persistent fetal lobulation, V2: 1031 
prominent columns of Bertin, V2: 

1031 
renal artery disease, V2: 1129, 

1131-1144 
renal collecting system dilation, V2: 

1164, 1172 
renal filling defects, V2. 1159, 

1166-1169 
renal function, V2. 1173-1177 
transplants, V2. 1177-1184 
trauma, V2. 1172-117 7 4 
Wilms tumor, V2. 1103-1106 
large intestine: 

abscesses, VI: 881-886 

colonic adenomatous polyps, VI: 832, 

835-838 
colonic fistulae, VI: 883, 887-888 
diverticulitis, VI: 869, 874-879 
infectious colitis, VI: 888 
mucocele, VI: 838, 841-842 
positive intraluminal contrast agents, 

VI: 895 
rectosigmoid carcinoma, VI: 850, 

857-860 
rectosigmoid colon adenocarcinoma, 

VI: 852, 863-865 
techniques, VI: 824 
ulcerative colitis, VI: 867-868, 

870-871 
liver, VI: 46, 49-50 

arteriovenous fistulas, VI: 388-392 
autoimmune hepatitis, VI: 312-314 
bile duct carcinoma, intrahepatic/ 

peripheral metastases, VI: 

239-240, 242, 247-249 
Budd-Chiari syndrome, hepatic venous 

thrombosis, VI: 398, 401-405 
contrast agents, VI: 54, 55-58 
hepatic cysts, solitary (nonparasitic) 

cysts, VI: 60, 64 
metastases detection and 

characterization, VI: 128, 

137-143 
mycobacterium avium intracellulare, 

VI: 433-435 
porta hepatis lymphadenopathy, VI: 

352, 354, 359, 362-365 
pyogenic abscess, VI: 418, 422-432 
transcatheter arterial embolization, VI: 

268, 270-278 
undifferentiated sarcoma, VI: 251, 

256 
magnetization-prepared rapid-acquisition 

gradient echo sequences, VI: 

5-6 
male pelvis, V2. 1343-1344 
ovaries: 

endometrial implants, V2: 1506 
endometrioma, V2. 1504-1505, 1509, 

1513 
germ cell tumors, V2. 1521 
Krukenberg tumor, ovarian metastases, 

V2. 1547, 1550 



mucinous cystadenocarcinoma, V2: 

1533, 1536-1537 
pelvic inflammatory disease, V2: 1514, 

1516-1517 
primary ovarian carcinoma, V2: 1531 
sex cord-stromal tumors, V2. 1525- 
1526, 1529-1531 
pancreas, VI: 536-541 

acute pancreatitis, VI: 631 
annular pancreas, VI: 542-544 
autoimmune pancreatitis, VI: 664, 666 
chronic pancreatitis, VI: 648-665 
insulinomas, VI: 601, 603 
mucinous cystadenoma/ 

cystadenocarcinoma, VI: 
612-616 
pancreatic adenocarcinoma, VI: 552, 

558-559, 562-564 
pancreatic transplants, VI: 611-613 
pediatric patients, V2: 1647 
pelvic varices, V2: 1518 
penis and urethra: 

inflammatory disease, V2: 1380-1381 
normal anatomy, V2: 1375-1376 
peritoneal inflammation: 

abscess, V2. 949, 951, 954-959 
pancreatitis, V2: 940-942, 946, 949 
peritoneal metastases, intraperitoneal 

seeding, V2. 918-924 
portal venous thrombosis, VI: 393-398 
in pregnancy, V2: 1560-1561 

placental imaging, V2: 1625-1627 

postpartum uterus, V2: 1578-1580 

primary sclerosing cholangitis, MRCP 

imaging and, VI: 499-502 
prostate cancer, adenocarcinoma, V2: 

1357-1373 
rectum: 

adenocarcinoma, VI: 848-850, 858 
rectal carcinoid tumors, VI: 867-868 
techniques, VI: 827, 831 
renal cell carcinoma, V2: 1099, 1102 
staging, V2: 1073, 1077, 1079-1082, 
1084-1087 
retroperitoneum, V2: 1193-1194 
benign lymphadenopathy, V2: 
1247-1250 
small intestine, VI: 161-110 

adenocarcinoma, VI: 777, 781-782 
carcinoid tumors, VI: 119, 790-791 
Crohn disease, VI: 785, 791, 793-805 
gastrointestinal stromal tumor, VI: 

779, 783-785 
infectious enteritis, VI: 810, 813-814 
metastases to, VI: 782, 791-792 
pancreatitis, VI: 810, 815 
polyps, VI: 115, 111-118 
radiation enteritis, VI: 816, 818 
spleen, lymphomas, VI: 693-694, 

699-703 
stomach, VI: 734 

gastric adenocarcinoma, VI: 738, 741, 

743-751 
gastrointestinal stromal tumors, VI: 

143, 748, 752-758 
postoperative evaluation, VI: l6l, 166 
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Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 
460-461 
Tl -weighted sequences, VI: 10-13 
hepatic arterial dominant (capillary) 

phase, VI: 10-13 
hepatic venous (interstitial) phase, VI: 

11 
portal venous/early hepatic venous 
phase, VI: 11 
testes, scrotum and epididymis, V2: 
1385 
benign neoplasms, V2: 1388, 1390 
infectious disease, V2: 1397-1398 
three-dimensional gradient echo 

sequences, VI: 4 
uterus: 

endometrial hyperplasia/polyps, V2. 

1449-1450 
leiomyomas, V2. 1449, 1455-1457 
vaginal malignancies, V2. 1416, 

1420-1426 
vessel imaging, V2. 1195-1200 
inferior vena cava thrombus, V2. 

1229-1237 
signal intensity, VI: 1 4 
whole body imaging, VI: 39-42 
Gadovist gadolinium-based contrast agent, 

V2: 1768 
Galactocele, breast cancer, V2. 1739-1740 
Galactography, intraductal papilloma, 
differential diagnosis, V2: 
1707-1709 
Gallbladder: 

bile layering, VI: 460, 464 

cirrhosis regenerative nodules, VI: 334, 

343 
diffuse wall thickening, VI: 480-481 
fetal assessment, normal development, 

V2 1584-1585 
gallstone disease: 

acute cholecystitis with, VI: 468, 

473-475 
floating gallstones, VI: 464, 469 
hyperintense gallstones, VI: 464, 469 
neoplastic disease: 

adenomyomatosis, VI: 480, 484 
gallbladder carcinoma, VI: 480-481, 

485-486 
gallbladder polyps, VI: 480, 482-483 
metastases to, VI: 483, 487 
nonneoplastic disease: 

acute cholecystitis, magnetic 
resonance 

cholangiopancreatography, VI: 
468-415 
chemoembolization-induced, VI: 
468, 476 
acute on chronic cholecystitis, VI: 

468, 475 
chronic cholecystitis, VI: 475, 477-478 
gallstone disease, VI: 464-465, 

467-469 
hemorrhagic cholecystitis, VI: 415-411 
xanthogranulomatous cholecystitis, VI: 
477 



normal anatomy, VI: 456 

variants, VI: 460, 462-464 
pediatric imaging, V2. 1649 
porcelain gallbladder, VI: 411, 480 
Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 
460-461 
Gallstones, acute pancreatitis and, VI: 625, 

632 
Gamna-Gandy bodies: 
cirrhosis and, VI: 353 
heterozygous thalassemia, VI: 514 
spleen, VI: 711, 714 
Ganglioma, adrenal glands, V2: 1006, 

1012-1017 
Ganglioneuroblastoma : 

adrenal glands, V2. 1006, 1013, 

1015-1017 
retroperitoneum, V2. 1266 
Ganglioneuromas, bladder lesions, V2: 

1304-1305 
Gardner syndrome: 

colonic adenomatous polyps, VI: 829, 

832 
desmoid tumor, V2: 1274, 1280-1283 
Gartner duct cyst, V2. 1416, 1418-1419 
Gas bubbles, liver imaging, post-ablative 

therapies, VI: 286-287 
Gastric adenocarcinoma, VI: 738, 741, 
743-751 
antrum, VI: 741, 747-748 
body, VI: 741, 745-746 
cardia, VI: 741, 744-745 
colon cancer, differential diagnosis, VI: 

843 
extensive carcinomatosis, VI: 738, 751 
pylorus, VI: 741, 749 
TNM staging, VI: 738, 741-742 
Gastric banding, VI: 76l, 766 
Gastric bowel imaging, protocol for, VI: 

20, 22 
Gastric diverticulum, imaging studies, VI: 

136-138 
Gastric duplication cysts, imaging studies, 

VI: 736 
Gastric neurofibromas, VI: 739 
Gastric outlet, Crohn disease obstruction, 

VI: 785, 799 
Gastric polyps, imaging studies, VI: 736, 

739-741 
Gastric schwannoma, VI: 736, 740 
Gastric ulceration, VI: 761-764 
Gastric varices: 

cirrhosis, VI: 348, 351, 359 
MR imaging, VI: 738, 742 
Gastric wall edema, VI: 76 1, 764 
Gastric wall hyperplasia, MR imaging, VI: 

601 
Gastrinomas: 

extrapancreatic, VI: 591, 593, 599-600 
liver metastases, VI: 164, 180 
transcatheter arterial 

chemoembolization, VI: 270, 
272 
pancreatic cancer, VI: 591, 593, 598-602 
multiple, VI: 593, 600 



Gastrinoma triangle, islet cell tumor 

imaging, VI: 598 
Gastrin secretion, stomach carcinoids, VI: 

759 
Gastritis, VI: 761-764 

atrophic, VI: 76l, 763 
Gastroduodenal pseudoaneurysm, V2. 

1200-1201, 1205-1206 
Gastroenteritis, eosinophilic gastroenteritis, 

small intestine, VI: 809 
Gastroesophageal reflux disease (GERD), 
imaging studies, VI: 729-730, 
732 
Gastrointestinal juvenile polyposis, colonic 

hamartomas, VI: 832 
Gastrointestinal stromal tumors (GISTs): 
colorectal metastases, VI: 860, 866 
imaging studies, VI: 743, 748, 752-758 

high-grade GIST, VI: 748, 756 
intermediate-to high-grade, VI: 748, 757 
leiomyomas, VI: 726-728 
liver metastases, sarcomas, VI: 147-150 
low grade, VI: 748, 757-758 
small intestine, VI: 777, 779, 783-785 
Gastrointestinal tract. See also Stomach; 
specific segments, e.g., 
Esophagus 
fetal assessment, V2: 1614-1615 
MR imaging, VI: 725 
pediatric imaging, V2: 1650 
in pregnancy, maternal imaging, V2: 
1564-1565 
Gastrojejunostomy, VI: 76 1, 766 
Gastroschisis, fetal assessment, V2: 1617 
Gaucher disease, spleen imaging and, VI: 

683 
Genetic disease: 

breast cancer, V2. 1722-1723 
hemochromatosis : 

liver imaging, VI: 354, 362, 365-368 
pancreas, VI: 546, 548-549 
liver, VI: 315-318 

ocl -antitrypsin deficiency, VI: 315, 317 
Wilson disease, VI: 315-318 
pancreas: 

cystic fibrosis, VI: 544-548 
primary hemochromatosis, VI: 546, 

548-549 
von Hippel-Lindau syndrome, VI: 
549-550 
Genitalia. See also Gonadal differentiation 
anomalies; Vagina; specific 
male and female organs, e.g., 
Penis 
ambiguous, V2: 1415— 1416 
Germ cell tumors: 

benign ovarian neoplasms, V2: 
1520-1521, 1526-1529 
malignant ovarian neoplasms, V2: 

1533-1534, 1540-1544 
testes lesions, V2. 1390-1396 
Gestational trophoblastic disease, V2: 
1628-1629 
postpartum uterus, V2: 1578-1580 
theca-lutein cysts, V2: 1504 
Ghosting artifacts, breast MRI, V2. 1695 
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Giant cell tumor: 

abdominal wall metastases, V2: 121 A, 

1289, 1290 
bile duct, VI: 511, 514 
Giant lymph node hyperplasia, 

retroperitoneal benign 
lymphadenopathy, V2: 
1249-1250 
Giardia lamblia, infectious enteritis, 

differential diagnosis, VI: 810, 
813-814 
Gleason score, prostate cancer, V2: 1368 
Glomerular disease, V2: 1117-1120 

renal vein thrombosis, V2: 1137, 1144 
Glomerular filtration rate (GFR), 

nephrogenic systemic fibrosis, 
V2: 1781 
Glucagonoma, MR imaging, VI: 601, 604 
Glucocerebroside accumulation, Gaucher 

disease, VI: 683 
Gluten-sensitive enteropathy (GSE), small 

intestine, VI: 799, 807-809 
Goiter, fetal assessment, V2: 1598 
Gonadal differentiation anomalies, vagina, 

V2. 1415 
Gonadal dysgenesis: 

gonadal differentiation anomalies, V2: 

1415 
ovarian anomalies, V2: 1503 
uterine anomalies, V2: 1441-1442 
Gonadoblastoma, ovarian anomalies, V2: 

1503 
Gossypiboma, intraperitoneal, V2. 945-947 
Gradient echo sequences: 

abdinomal-pelvic imaging, advantages, 

VI: 2-3 
adrenal glands, V2. 963-968 
aortic dissection, V2. 1201, 1208-1212 
chest imaging, V2: 1654 
fat-suppressed gradient echo sequences, 

VI: 4 
kidneys: 

iron deposition, V2. 1121, 1125-1127 
renal collecting system dilation, V2: 
1164, 1172 
liver imaging: 

contrast agents, VI: 51-58 
fat/iron deposition, VI: 371, 376 
fatty liver, VI: 371, 373, 377-387 
metastases detection and 

characterization, VI: 128, 
137-143 
portal venous thrombosis, VI: 391, 
393-400 
magnetization-prepared rapid-acquisition 
gradient echo sequences, VI: 
5-6 
out-of-phase gradient echo sequences, 

VI: 4-5 
pancreatic cancer: 

adenocarcinoma, staging, VI: 575, 

577-587 
gastrinomas, VI: 591, 598-602 
pediatric pateients, V2: 1637 
renal artery disease, V2. 1136, 1139-1140 
serial MRI examination, VI: 24—28 



spoiled gradient echo sequences, VI: 

3-4 
Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 
460 
vessel imaging, V2: 1195-1200 
Gradient system, breast MRI, V2: 1693 
Graft failure: 

aortic graft, postoperative evaluation, 
V2. 1207, 1214, 1216, 
1224-1227 
hepatic transplantation, VI: 287, 292 
liver abnormalities, VI: 299, 303-306 
Graft- versus-host disease, small intestine, 

VI: 816-817, 828-829 
Gram-negative bacterial, prostate infection, 

V2: 1373-1374 
Granulocytic sarcoma: 
bladder, V2. 1316, 1321 
kidney, V2. 1109, 1111 
Granulomatous disease: 
bladder, V2. 1326 
breast abscess, V2: 1712 
Granulosa cell tumors, malignant ovarian 
neoplasms, V2: 1540, 1542, 
1545-1547 
Gynecological malignancies: 

bladder metastases, V2. 1320-1324 
peritoneal metastases, V2: 923-924, 932 

Half-Fourier acquisition single shot turbo 
spin-echo (HASTE) sequence: 
abdominal pelvic imaging, V7: 7 
adrenal gland imaging, V2. 963-964, 
966 
adenomas, V2. 971, 982-983 
aldosteronomas, V2. 977, 986-987 
cyst/pseudocyst, V2. 980-981, 984, 

992-993 
hypovascular adrenal metastases, V2. 

994-995, 998, 1000 
myelolipoma, V2. 977-980, 988-990 
bladder imaging, V2: 1298 
magnetic resonance 

cholangiopancreatography, VI: 
456, 460 
pancreatic imaging, VI: 536-539 
pediatric patients, V2: 1644 
retroperitoneal imaging, V2: 1194 
scrotal hernia, V2: 1390 
stomach, VI: 154-156 
vessel imaging, V2: 1200 
Hamartomas: 

breast, V2. 1709, 1711 
colonic polyps, VI: 832 
gastric polyps, VI: 736, 739-741 
mesenchymal, V2: 1620 
small intestine polyps, VI: 115, 111-118 
spleen, VI: 690, 693, 695-697 
Head imaging, fetal assessment: 

anomalies, V2. 1598-1599, 1601-1607 
normal development, V2: 1583 
Helicobacter pylori infection: 

gastric ulceration and gastritis, VI: 

161-164 
stomach carcinoids, VI: 759 



HELLP syndrome. See Hemolytic anemia, 
elevated liver function tests, 
and low platelets (HELLP) 
syndrome 
Hemangioendothelioma, fetal assessment, 

V2: 1620 
Hemangiomas: 

adrenal glands, V2. 993-994 
bladder lesiosn, V2: 1304 
cavernous, V2: 1416, 1420 
congenital, fetal assessment, V2: 1604, 

1607 
large intestine, infiltration, 

Kippel-Trenaunay syndrome, 
VI: 832, 841 
liver lesions: 

capsule-based, VI: 90, 101 
central filling, VI: 73, 84-85 
exophytic, VI: 101-103 
Gd-EOB-DTPA-enhanced imaging, VI: 

52, 54 
giant hemangioma, VI: 88, 97-99 
liver lesions, VI: 70, 72-73, 81, 

83-106 
metastases, differential diagnosis, VI: 

165, 177, 190 
multiple, VI: 72-73, 83 
perilesional enhancement, VI: 90, 101 
metastases, differential diagnosis, 
VI: 147-150 
portal vein compression, VI: 88, 100, 

391 
type 1 enhancement, VI: 85, 87 
type 2 enhancement: 

central nodular lesion, VI: 85, 91 
medium-sized lesion, VI: 85, 89-91 
small lesion, VI: 85-86 
small-sized slow-enhancing, VI: 88, 
94-95 
type 3 enhancement: 

medium-sized lesion, VI: 88, 92-94 
small lesion, VI: 85, 88 
small-sized slow-enhancing, VI: 88, 
95-96 
pancreatic islet cell tumors, differential 

diagnosis, VI: 593 
pelvic, V2: 1274, 1291-1292 
spleen, VI: 687-688, 691-693 
Hemangiopericytoma , retroperitoneal 

imaging, V2. 1266, 1273 
Hematocele, testes, scrotum and 

epididymis, V2. 1388, 1390 
Hematocolpometra : 

didelphys uterine anomaly, V2: 1441, 

1444_1446 
vaginal duplication, V2: 1412, 1414 
Hematogenous metastases: 

body wall, V2. 1274, 1284-1290 
ovarian endodermal sinus tumor, V2: 

1534, 1542 
peritoneum, V2: 924 
Hematomas: 

abdominal wall, V2: 121 A 

duodenal, VI: 816, 823 

hepatic transplantation, VI: 292, 294-295 

iliacus muscle, V2. 1274, 1279-1280 
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intramural dissecting, V2: 1201, 1204, 

1213 
liver trauma, VI: 438-442 
pelvic, V2. 936, 944 
perirenal, V2. 1156, 1158 
postmyomectomy, V2: 1456, 1465 
retroperitoneal, V2: 1249, 1251 
splenic laceration, VI: 715, 716-717 
subchorionic, in pregnancy, V2. 

1559-1560 
uterine, in pregnancy, V2: 1559-1560 
postpartum uterus, V2. 1575-1580 
Hematometra, vaginal agenesis/partial 

agenesis, V2: 1411-1412 
Hemochromatosis : 
primary: 

liver, VI: 354, 362, 365-368 
pancreas, Vh 546, 548-549 
secondary, liver imaging, VI: 368-374 
Hemodialysis: 

acquired cystic disease, V2: 1049, 1052, 

1061-1062 
nephrogenic systemic fibrosis 
prevention, V2: 1783 
Hemolytic anemia: 

adrenal gland myelolipoma, V2: 977, 

979-980, 988-990 
liver imaging, VI: 368, 374-375 
Hemolytic anemia, elevated liver function 
tests, and low platelets (HELLP) 
syndrome, liver imaging, VI: 
407, 410-411 
Hemorrhage: 

acute pancreatitis, VI: 632, 639-640 
adrenal glands, V2. 1019-1020 
adenomas, V2. 971, 982-983 
metastases, V2. 994-995, 998, 1000 
pseudocysts, V2. 984, 991-994 
cholecystitis, VI: 475-477 
fetal assessment: 

destructive lesions, V2: 1596-1601 
intraventricular, V2: 1598, 1600-1601 
hemangiomas and, VI: 88, 101, 103 
hepatocellular adenoma, VI: 51, 107, 

110-114 
kidney, V2. 1156, 1158 
liver metastases, VI: 165 
ovaries: 

clear cell carcinoma malignancies, V2\ 

1533, 1540 
endometriosis, V2: 1506-1507, 

1509-1512 
hydrosalpinx, V2: 1517 
paraovarian cysts, V2: 1504, 1508 
pelvic inflammatory disease, V2: 1514, 

1516-1517 
sex cord-stromal tumor malignancies, 
V2: 1542, 1545-1547 
prostate cancer therapy and, V2: 1368, 

1370 
psoas muscle, V2. 1274, 1276-1277 
renal cell carcinoma, V2: 1088-1094 

chronic renal failure, V2: 1098-1101 
retroperitoneum, imaging techniques, 

V2. 1193-1194 
small intestine, VI: 816, 819-823 



stages, VI: 442 

uterus, leiomyoma, V2: 1456, 1458-1459 
Hemorrhagic cystitis, bladder, V2: 1326, 

1329 
Hemorrhagic ovarian cysts, V2: 1500, 1503 
Hemorrhagic/proteinaceous renal cysts, 
V2. 1037, 1042-1047 
angiomyolipomas, V2: 1063, 1066 
dialysis, V2. 1049, 1052, 1062 
Hemorrhagic pseudocysts: 

chronic pancreatitis, VI: 656, 665 
spleen, VI: 683, 687-690 
Hemorrhagic telangiectasia, hepatic 
arteriovenous fistulas, VI: 
388-392 
Hemorrhoids, rectal varices and, VI: 838 
Hemosiderin deposition: 

bladder, hemorrhagic cysts, V2-. 1326, 

1329 
spleen imaging, VI: 678-681 
Hepatectomy, liver regeneration after, VI: 

256, 259 
Hepatic alveolar echinococcosis (HAE), 

VI: 430, 432-433 
Hepatic arterial dominant phase (HADP) 
imaging, gadolinium-based 
contrast agent, V2. 1114-1111 
Hepatic artery(ies): 

adrenal gland imaging, capillary phase 

enhancement, V2-. 964-968 
gadolinium-enhanced SGE images, VI: 

46, 49 
gadolinium-enhanced Tl -weighted 

sequences, VI: 10-13 
hepatic transplant complications, VI: 

287, 292 
hepatocellular carcinoma, VI: 192, 198, 

202 
imaging protocol for, VI: 16-20 
Mn-DPDP-enhanced SGE imaging, VI: 

46, 50 
obstruction, VI: 405, 407-408 
Hepatic cysts: 

autosomal dominant polycystic kidney 

disease, VI: 67, 71-72 
ciliated fore gut cysts, VI: 60, 66-70 
coexistent metastases, VI: 165, 190 
hemorrhagic cyst, VI: 60, 65 
hydatid cyst, echinococcal disease, VI: 

430-431 
multilocular cyst, VI: 60, 65-66 
solitary (nonparasitic), VI: 60-66 
unilocular cyst, VI: 60-61 
Hepatic parenchyma: 
chronic liver disease: 

autoimmune diseases, VI: 303-304, 
306-315 
autoimmune hepatitis, VI: 311-314 
primary biliary cirrhosis, VI: 

314-315 
primary sclerosing cholangitis, VI: 
303-304, 306-311 
genetic diseases, VI: 315-511 

a 1 -antitrypsin deficiency, VI: 315, 

317 
Wilson disease, VI: 315-318 



hemangiomas, VI: 101, 103-106 
nonalcoholic fatty liver disease, VI: 

317, 319-320 
radiation-induced hepatitis, VI: 321, 

331 
viral hepatitis, VI: 319, 321-330 
diseases: 

benign masses, VI: 60-121 

angiomyolipomas, VI: 67, 70, 80-81 
autosomal dominant polycystic 

kidney disease, VI: 67, 74-77 
biliary cystadenoma/ 

cystadenocarcinoma, VI: 67, 
77-78 
ciliated hepatic foregut cysts, VI: 

60, 66-70 
extramedullar hematopoiesis, VI: 

61, 79-80 

focal nodular hyperplasia, VI: 119, 

121-136 
hemangiomas, VI: 70, 72-73, 

81-106 
hepatocellular adenoma, VI: 107, 

109-118 
infantile hemangioendothelioma, 

VI: 106-109 
lipomas, VI: 70, 82 
peliosis hepatis, VI: 114-115, 

119-120 
solitary (nonparasitic cysts), VI: 

60-66 
malignant masses, VI: 121, 128, 

137-287 {See also Liver, 

metastases) 
ablative therapies, VI: 218-281 
angiosarcoma, VI: 240, 242, 249 
epithelioid hemangioendothelioma , 

VI: 251-253 
fibrolamellar carcinoma, VI: 

238-239 
hepatoblastoma, VI: 251, 253-255 
hepatocellular carcinoma, diffuse, 

VI: 212, 227-238 
hepatocellular carcinoma, focal, VI: 

188-189, 192-233 
intrahepatic/peripheral bile 

duct carcinoma 

(cholangiocarcinoma), VI: 

238-240, 242, 247-249 
liver metastases, VI: 121, 128, 

137-188 
lesional/perilesional 

enhancement, VI: 147-150 
MRI detection and 

characterization, VI: 127, 128, 

137-143 
MRI vs. CT, VI: 141-144 
MRI vs. CTAP, VI: 143, 145-147 
primary site features, VI: 

161-162, 164-192 
Tl vs. T2 images, VI: 143, 147 
vascularity and degree of 

enhancement, VI: 149, 151-164 
lymphoma, VI: 238, 240-245 
malignant mesothelioma, VI: 242, 

250-251 
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Hepatic parenchyma: (Contnued) 

multiple myeloma, VI: 238, 245-246 
postradiation therapy, VI: 257, 

262-263 
posttreatment lesions, VI: 256 
resections, VI: 256-262 
systemic chemotherapy, VI: 257, 

264-270 
transcatheter arterial 

chemoembolization, VI: 268, 
270-278 
undifferentiated sarcoma, VI: 251, 
256 
hepatic arterial dominant phase imaging, 
gadolinium-based contrast 
agent, V2: 1775-1777 
infectious disease: 

amebic (nonpyogenic) abscess, VI: 

430 
echinococcal disease, VI: 430-433 
fungal infection, VI: 433, 436-438 
metastases, secondary infection, VI: 

180, 188, 191-192 
mycobacterium avium intracellulare, 

VI: 433-435 
mycobacterium tuberculosis, VI: 433 
pyogenic abscess, VI: 418, 422-432 
inflammatory disease: 

hepatic transplantation complication, 

VI: 299-300 
inflammatory myofibroblastic tumor 
(pseudotumor), VI: 415, 
418-422 
sarcoidosis, VI: 414— 4l6 
Hepatic transplantation: 

bile duct obstruction following, VI: 292, 

299 
donor and recipient assessment, VI: 

287-292 
fibrosis, VI: 299, 304 
fungal infection, VI: 299, 305 
graft failure, VI: 287, 292 

liver abnormalities, VI: 299, 303-306 
hepatic arterial obstruction, VI: 405, 

407-408 
hepatocellular carcinoma recurrence, VI: 

299, 302 
inflammation following, VI: 299-300 
lymphoma, VI: 238, 241 
magnetic resonance 

cholangiopancreatography, bile 
duct anastomoses, VI: 519-520 
MR imaging, VI: 287-305 
posttransplant lymphoproliferative 

disorder, VI: 299-301 
vascular complications, VI: 292-298 
Hepatic venous system: 

gadolinium-enhanced Tl -weighted 
imaging: 
early phase, VI: 11 
interstitial phase, VI: 13 
hepatic transplantation, VI: 292-294 
hepatocellular carcinoma, VI: 192, 

198-202 
thrombosis, Budd-Chiari syndrome, VI: 
398, 401-405 



Hepatitis: 

acute hepatitis, VI: 321-324 

acute on chronic, VI: 321, 327-329 

autoimmune hepatitis, VI: 311-314 

chronic, VI: 321, 330 

diffuse hepatocellular carcinoma, 

differential diagnosis, VI: 235 
hepatitis B, VI: 321, 325 
hepatitis C, VI: 321, 325-327 
nonalcoholic steatohepatitis, VI: 319-320 
radiation-induced, VI: 321, 331 
viral hepatitis: 

hepatocellular carcinoma, VI: 202, 212 
imaging studies, VI: 319, 321, 330 
Hepatoblastoma, VI: 251, 253-255 
Hepatocellular adenoma (HCA): 
adenomatosis, VI: 114-118 
fatty liver and, VI: 380, 383 
hepatocyte-specific contrast agents, 

differential diagnosis, V2: 1768, 

1770-1771 
hypervascular liver metastases, 

differential diagnosis, VI: 111, 

180 
imaging studies, VI: 107, 109-118 
liver metastases, differential diagnosis, 

VI: 111, 180 
carcinoid tumor, VI: 164, 183-185 
Hepatocellular carcinoma (HCC): 
adrenal metastases, VI: 192, 199 
biliary cystadenoma/cystadenocarcinoma , 

differential diagnosis, VI: 67, 

77-78 
body wall metastases, V2: 1274, 

1284-1285 
carcinoid tumor, differential diagnosis, 

VI: 164, 183-185 
cholangiocarcinoma, differential 

diagnosis, VI: 239-240, 242, 

245-247 
cirrhosis, differential diagnosis, VI: 333 
dysplastic nodules, VI: 342, 346-354, 

357-358 
venous thrombosis formation, VI: 333 
diffuse infiltrative, VI: 212, 227, 234-238 
fatty liver and, VI: 380 
genetics, VI: 189 

hemochromatosis and, VI: 354, 367-368 
hepatic transplantation and recurrence 

of, VI: 299, 302 
hepatic vein thrombosis, VI: 405 
hepatocyte-specific contrast agents, 

imaging studies, V2: 1768 
hypervascular tumors, VI: 198, 202, 

218-223 
hypovascular tumors, VI: 192-194, 198, 

215-217 
incidence and prevalence, VI: 188-189, 

192 
mixed HCC-cholangiocarcinoma, VI: 

238-240, 242, 248-249 
MRI vs. CT imaging, VI: 192, 203-205 
multifocal tumors, VI: 192, 194-198, 

203-205 
peritoneal metastases, VI: 192, 200-201; 

V2: 918, 923-924, 931 



pleural metastases, VI: 192, 202 
radiofrequency ablation, VI: 278, 

280-286 
recurrence, VI: 256, 260-261 
solitary hypovascular tumor, VI: 

192-194 
transcatheter arterial chemoembolization, 

VI: 270, 274-278 
venous thrombosis, VI: 202, 212, 
224-232, 234-238 
cirrhosis differential diagnosis, VI: 333 
well-differentiated tumors, VI: 192, 
205-212 
Hepatocyte function: 

hepatocellular carcinoma, VI: 189 
MRI contrast agent targeting, VI: 50-58 
gadolinium-based contrast agents, V2: 
1111 
Hepatocyte-specific gadolinium-based 
contrast agents, V2: 1768, 
1770-1772, 1777 
Hepatomegaly, Reidel lobe, differential 

diagnosis, VI: 58-60 
Hepatosplenic candidiasis: 
acute, VI: 433, 435-436 
subacute, VI: 433, 436-437 
Hepatosplenic sarcoidosis, imaging studies, 

VI: 414-416 
Hepatosplenorenal histoplasmosis, VI: 

709-711 
Herlyn- Werner- Wunderlich syndrome, 
Gartner duct cyst, V2: 1416, 
1418-1419 
Hermaphroditis, gonadal differentiation 

anomalies, V2: 1415 
Hernias, V2: 904-909 

abdominal wall, V2. 904, 908-909, 1274 
Bochdalek hernia, V2. 904-905 
fetal assessment, V2. 1 604-1 605, 
1608-1609, 1612 
congenital diaphragmatic, V2: 
1604-1605, 1608-1609 
hiatus and internal, V2. 904, 906-907 
scrotal, V2. 1390 
small intestine, VI: 81 6, 827 
Herpes simplex virus (HSV), esophageal 

infection, VI: 731-734 
Heterotopias, congenital: 
fetal assessment: 

Chiari II malformation, V2. 1588-1592 
subependymal, V2: 1595 
stomach, VI: 736 
Heterozygous thalassemia, liver imaging, 

VI: 370, 374-375 
Hiatus hernia, V2: 904, 906-907 
Hilar lymphadenopathy, V2: 1 666-1 667 
Histiocytomas, retroperitoneal neoplasms, 

V2: 1265, 1271 
Histoplasmosis , hepatosplenorenal 

histoplasmosis, VI: 709-711 
Hodgkin lymphoma: 
kidneys, V2. 1106-1110 
liver metastases, VI: 238, 241 
retroperitoneal lymphadenopathy, V2: 

1253-1254 
spleen malignancies, VI: 693-694, 700 
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Holoprosencephaly, fetal assessment, V2. 

1585-1592 
Homogeneous high-signal-intensity 
enhancement, spleen, VI: 
678-681 
Hormone therapy, prostate cancer, V2\ 

1368-1369 
Horseshoe kidney, V2. 1032, 1034 
Human chorionic gonadotropin: 

gestational trophoblastic disease, V2. 

1578-1580, 1628-1629 
theca-lutein ovarian cysts, V2. 1504 
Human epidermal growth factor receptor 2 
(HER2), invasive ductal 
carcinoma, V2. 1723-1727 
Human immunodeficiency virus (HIV): 
colonic lymphoma, VI: 860, 867 
lymphoma, liver metastases, VI: 238, 
245 
Human papillomavirus, vaginal 

malignancies, V2: 141 6, 
1420-1426 
Hutch diverticula, bladder, V2: 1299 
Hydatid cyst: 

breast cysts, V2. 1701-1703 
liver imaging, VI: 430-431 
paraovarian cysts of Morgagni, V2: 1504, 

1508 
spleen, VI: 683, 687-690 
Hydatidiform mole, gestational 

trophoblastic disease, V2. 
1628-1629 
Hydranencephaly, fetal assessment, V2: 

1598, 1600 
Hydrocele, testes, scrotum and epididymis, 

V2: 1388-1392 
Hydrocephalus, fetal assessment, brain 

neoplasms, V2. 1598 
Hydronephrosis : 

bladder neurofibromas, V2: 1304 
fetal assessment, V2: 1613-1614 
in pregnancy, maternal imaging, V2: 
1564, 1566 
Hydrops, mesoblastic nephroma, V2: 1620 
Hydrosalpinx, V2. 1517 
Hydroureter, in pregnancy, V2: 1564 
21 -Hydroxylase deficiency, female 

pseudohermaphroditism, V2. 
1415-1416 
Hypergastrinemia, stomach carcinoids, VI: 

759 
Hyperintense gallstones, Tl -weighted 

imaging, VI: 464, 469 
Hyperplastic kidney, V2. 1032, 1037 
Hyperplastic polyps: 

gastric polyps, VI: 736, 739-741 
small intestine, VI: 115, 111-118 
Hypersplenism, littoral cell angioma, VI: 

688, 694 
Hypertrophic bladder, V2. 1324-1325 
Hypertrophic kidney, V2. 1032, 1037 
Hypertrophic rugal folds, VI: 76l, 765 
Hypervascular liver metastases, VI: 128, 

138-139. See also specific types 
of cancer 
chemotherapy-related, VI: 257, 264—270 



degree of enhancement and, VI: 149, 

151-162 
focal nodular hyperplasia/hepatic 

adenocarcinoma, differential 
diagnosis, VI: 111, 180 
hepatocellular carcinoma, VI: 198, 202, 
218-223 
small satellite tumors, VI: 217-218 
pancreatic adenocarcinoma, differential 

diagnosis, VI: 587-589 
perilesional enhancement, VI: 149-150 
Hypervascular renal tumors, V2: 1084, 

1086 
Hypoplasia, breast, V2. 1700-1701 
Hypoplastic kidney, V2. 1032, 1036 
Hypoplastic uterus, V2. 1441 
Hypoproteinemia, small intestine, VI: 81 6, 

824 
Hypospadias, V2. 1316 
Hypovascular liver metastases: 

chemotherapy-related, VI: 257, 264—270 
hepatocellular carcinoma, VI: 192-194, 

198, 215-217 
imaging studies, VI: 149, 152-156, 162 
Hypovascular renal tumors, V2: 1084, 

1087 
Hysterectomy: 

adenomyosis, V2. 1467 
vaginal malignancy recurrence, V2: 1416, 
1420-1426 
Hysterosalpingography, uterus, congenital 
anomalies, V2: 1440 

Idiopathic hemochromatosis: 

hepatocellular carcinoma and, VI: 354, 

367-368 
liver imaging: 

advanced disease, VI: 354, 362, 

365-366 
early stage, VI: 354, 362, 365 
Ileal carcinoid, VI: 779, 789 
Iliacus muscle: 

hematoma, V2. 1274, 1279-1280 
melanoma metastases, V2. 1273, 1276 
Iliac vessels: 

MR imaging, V2. 1198-1200 
stenosis, V2. 1204, 1207, 1216-1218 
thrombosis, V2. 1204, 1207, 1222-1223 
Imperforate anus, reconstruction, VI: 827, 

834 
Incisional hernia, abdominal wall imaging, 

V2. 904, 909 
Indiana pouch, bladder reconstruction, V2: 

1331, 1336 
Infantile hemangioendothelioma (IHE), 

imaging studies, VI: 106-109 
Infants (under 1.5 years), MR imaging 

techniques, V2: 1645 
Infarct, splenic, VI: 719-722 
Infectious colitis, VI: 883-884, 888-892 
Infectious disease: 

cholangitis, VI: 499, 502-507 

cholangiocarcinoma incidence and, 
VI: 515 
esophagus, VI: 731-734 
female urethra, V2. 1407-1408 



hepatic parenchyma: 

amebic (nonpyogenic) abscess, VI: 

430 
echinococcal disease, VI: 430-433 
fungal infection, VI: 433, 436-438 
metastases, secondary infection, VI: 

180, 188, 191-192 
mycobacterium avium intracellulare, 

VI: 433-435 
mycobacterium tuberculosis, VI: 433 
pyogenic abscess, VI: 418, 422-432 
kidneys: 

abscess, V2. 1142, 1144, 1149-1152 
acute pyelonephritis, V2: 1142, 

1147-1149 
malakoplakia, V2. 1153-1154 
pyonephrosis, V2: 1155-1156 
renal candidiasis, V2: 1155 
xanthogranulomatous pyelonephritis , 

V2. 1151-1152 
large intestine: 

abdominoperineal resection, VI: 892, 

894-895 
abscess formation, VI: 874, 876-877, 

881-886 
appendiceal abscess, VI: 874, 881 
appendicitis, VI: 874, 879-881 
colonic fistulae, VI: 883, 887-888 
Crohn colitis, VI: 869, 872-874 
diverticulitis, VI: 869, 874-879 
infectious colitis, VI: 883-884, 

888-892 
radiation enteritis, VI: 888, 892-894 
rectal surgery, VI: 892, 894-895 
ulcerative colitis, VI: 867-868, 

870-871 
pancreas, VI: 664-661 

pancreatic transplants, VI: 671-673 
penis and urethra, V2. 1380 
peritoneum: 

abscess, V2. 949, 951, 954-959 
mesenteric panniculitis, V2. 946, 950 
pancreatitis, V2. 940-942, 946, 949 
peritonitis, V2. 949, 951-953 
prostate gland, V2. 1373-1374 
seminal vesicles, V2: 1383 
small intestine: 

Crohn disease, VI: 784-785, 791, 

793-805 
drug toxicity, VI: 810, 817 
eosinophilic gastroenteritis, VI: 809 
fistula, VI: 810, 812-813 
gluten-sensitive enteropathy, VI: 799, 

807-809 
graft- versus-host disease, VI: 816-817, 

828-829 
hernia, VI: 816, 827 
hypoproteinemia, VI: 816, 824 
infectious enteritis, VI: 810, 813-814 
inflammatory bowel disease, VI: 782, 

784 
intussusception, VI: 816, 825-826 
ischemia and hemorrhage, VI: 81 6, 

819-823 
pancreatitis, VI: 810, 815 
pouchitis, VI: 810 
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Infectious disease: {Continued) 

radiation enteritis, VI: 815-816, 818 
scleroderma, VI: 809 
ulcerative colitis, VI: 796, 799, 806 
spleen, VI: 709-711 
stomach, VI: 761-764 
testes, scrotum and epididymis, V2: 

1397-1398 
tubo-ovarian abscess, V2: 1514, 
1516-1517 
Infectious enteritis, small intestine, VI: 

810, 813-814 
Inferior vena cava, retroperitoneal imaging, 
V2: 1216, 1223, 1229 
congenital anomalies, V2: 1223, 

1229-1230 
primary malignant tumors, V2\ 

1237-1241 
venous thrombosis, V2: 1229-1237 
Inflammatory aortitis, V2: 1201, 1207 
Inflammatory bowel disease (IBD): 
gastrointestinal tract imaging, VI: 725 
pregnancy and, VI: 868, 871 
primary sclerosing cholangitis, VI: 494, 

497-502 
small intestine, VI: 782, 784 
Inflammatory breast carcinoma (IBC), V2: 

1737, 1739 
Inflammatory disease: 
adrenal glands, V2. 1019 
bladder, V2. 1326-1330 
esophagus: 

corrosive esophagitis, VI: 731 
radiation esophagitis, VI: 730-731 
reflux esophagitis, VI: 729-730, 732 
female urethra, V2. 1407-1408 
hepatic parenchyma: 

hepatic transplantation complication, 

VI: 299-300 
inflammatory myofibroblastic tumor 
(pseudotumor), VI: 415, 
418-422 
sarcoidosis, VI: 414— 4l6 
large intestine: 

abdominoperineal resection, VI: 892, 

894-895 
abscess formation, VI: 874, 876-877, 

881-886 
appendiceal abscess, VI: 874, 881 
appendicitis, VI: 874, 879-881 
colonic fistulae, VI: 883, 887-888 
Crohn colitis, VI: 869, 872-874 
diverticulitis, VI: 869, 874-879 
infectious colitis, VI: 883-884, 

888-892 
radiation enteritis, VI: 888, 892-894 
rectal surgery, VI: 892, 894-895 
ulcerative colitis, VI: 867-868, 870-871 
pancreas, VI: 625 

miscellaneous conditions and 
infections, VI: 664-667 
pancreatic transplants, VI: 671-675 
pancreatitis, VI: 625 

acute, VI: 625, 628, 636-647 
autoimmune pancreatitis, VI: 656, 
664, 666 



chemtherapy-induced, VI: 664-667 
chronic, VI: 640, 648-665 
hemorrhagic, VI: 632, 640-641 
mild, VI: 625, 632-635 
pseudocyst, VI: 632, 642-647 
pelvic inflammatory disease, 

tubo-ovarian abscess, V2. 1514, 
1516-1517 
penis and urethra, V2. 1380-1381 
peritoneum: 

abscess, V2. 949, 951, 954-959 
mesenteric panniculitis, V2: 946, 950 
pancreatitis, V2 940-942, 946, 949 
peritonitis, V2. 949, 951-953 
primary sclerosing cholangitis, VI: 494, 

497-502 
prostate gland, V2. 1373-1374 
small intestine: 

Crohn disease, VI: 784-785, 791, 

793-805 
drug toxicity, VI: 810, 817 
eosinophilic gastroenteritis, VI: 809 
fistula, VI: 810-813, 812-813 
gluten-sensitive enteropathy, VI: 799, 

807-809 
graft- versus-host disease, VI: 816-817, 

828-829 
hernia, VI: 816, 827 
hypoproteinemia, VI: 816, 824 
infectious enteritis, VI: 810, 813-814 
inflammatory bowel disease, VI: 782, 

784 
intussusception, VI: 816, 825-826 
ischemia and hemorrhage, VI: 81 6, 

819-823 
pancreatitis, VI: 810, 815 
pouchitis, VI: 810 
radiation enteritis, VI: 815-816, 818 
scleroderma, VI: 809 
ulcerative colitis, VI: 796, 799, 806 
stomach, VI: 761-764 
Inflammatory myofibroblastic tumor: 
bladder lesions, V2. 1304 
hepatic inflammatory disease, VI: 415, 
418-422 
Inflammatory polyps, small intestine, VI: 

775, 777-778 
Infrarenal aorta, thrombotic occlusion, V2. 

1204, 1207, 1219-1221 
Inguinal hernia: 

abdominal wall imaging, V2: 904, 908 
small intestine, VI: 81 6, 827 
Initial qualitative enhancement, breast 

cancer imaging, V2: 1723 
Insulinomas, pancreatic imaging, VI: 601, 

603-606 
Internal hernia, V2: 904, 906-907 
International Organization for the Study of 
Inflammatory Bowel Disease 
(IOIBD), MRI criteria, VI: 796, 
803 
Interstitial phase imaging: 

adrenal pheochromocytomas, V2: 

1006-1111 
gadolinium-based contrast agents, V2. 
1776-1777 



hypervascular liver metastases, VI: 149, 

157-162 
kidneys: 

candidiasis infection, V2. 1155 
medullary sponge kidney, V2: 1049, 

1060 
transitional cell carcinoma, V2. 

1159-1165 
xanthogranulomatous pyelonephritis , 
V2. 1152 
renal artery disease, V2. 1137 
Intraabdominal abscess: 

imaging studies, VI: 874, 884 
peritoneal inflammation, V2: 949, 951, 
954-959 
Intracellular agents, gadolinium-based, V2: 

1768-1774 
Intracranial neoplasms, fetal assessment, 

V2 1598 
Intraductal papillary mucinous neoplasms 
(IPMN), VI: 614 
main duct type, VI: 6 14—6 17 
serous cystadenoma, differential 

diagnosis, VI: 612 
side-branch type, VI: 615, 618-621 
Intraductal papilloma, breast imaging, V2: 

1707-1709, 1738 
Intraluminal contrast agent: 

peritoneal abscess imaging, V2. 951, 

954-959 
rectal imaging, VI: 827, 831 
intramural dissecting hematoma, V2: 1201, 

1204, 1213 
Intrapericardial neoplasms, fetal 
assessment, V2. 1612 
Intraperitoneal varices, cirrhosis, VI: 348, 

351, 359 
Intrathoracic imaging techniques, V2. 

1653-1654 
Intrauterine contraceptive devices: 

pelvic inflammatory disease, V2: 1514, 

1516-1517 
uterine imaging, V2. 1433 
Intrauterine growth retardation, twin 

pregnancies, V2. 1623 
Intravenous urography (IVU), magnetic 
resonance urography vs., VI: 
1188 
Intussusception: 

colonic duplication, VI: 827, 832 
colonic lipoma, VI: 832, 840 
large intestine lipomas, VI: 832, 

839-841 
small intestine: 

inflammatory/infectious disease, VI: 

816, 825-826 
polyps, VI: 775, 777-778 
Invasive ductal carcinoma (IDC): 
breast implants, V2. 1754-1756 
classification and staging, V2: 1723-1731 
neoadjuvant chemotherapy, V2: 1749, 

1753 
postoperative MRI, V2: 1744, 1746-1749 
Invasive lobular carcinoma (ILC), 

classification and staging, V2. 
1727, 1731-1733 
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Inversion pulse: 

fat-suppressed echo-train spin-echo 

sequences, VI: 9-10 
magnetization-prepared rapid-acquisition 
gradient echo sequences, VI: 
5-6 
vessel imaging, V2: 1200 
Inverted teardrop sign, breast implant 

rupture, V2: 1759 
Iodine-based contrast agents, V2: 1767 
Iron-based contrast agents, V2: 
1777-1779 
large intestine imaging, VI: 896-897 
Iron-containing structures, out-of-phase 
(opposed-phase) spoiled 
gradient echo sequence 
detection, VI: 4-5 
Iron deposition: 
liver: 

cirrhosis, VI: 370 

coexisting fat and, VI: 371, 376 

genetic idiopathic hemochromatosis, 

VI: 354, 362, 365-368 
secondary hemochromatosis: 
hemolytic anemia, VI: 368, 370, 

374-375 
transfusional iron overload, VI: 
368-373 
pancreas, primary hemochromatosis, VI: 

546, 548-549 
renal parenchyma, V2: 1121, 1125-1127 
spleen imaging, VI: 678-681 
Iron oxides. See Superparamagnetic iron 
oxide particles (SPIO); 
Ultrasmall paramagnetic iron 
oxide particles 
Ischemia: 

cerebral, fetal assessment, V2: 

1596-1601 
hepatic arterial obstruction, VI: 405, 

407-408 
small intestine, VI: 816, 819-823 
Ischemic nephropathy, V2: 1129, 1131, 

1134, 1139 
Islet cell tumors: 

accessory spleen, differential diagnosis, 

VI: 681-685 
pancreatic, VI: 590-598 
ACTHoma, VI: 601, 605 
duct obstruction, VI: 592 
gastrinomas, VI: 591, 598-600 
glucagonoma, VI: 601, 604 
insulinomas, VI: 601, 603 
liver metastases, VI: 591, 593-596 
somatostatinoma, VI: 601, 604—605 
thrombus, VI: 591, 593, 597 
undifferentiated, VI: 601 
VIPomas, VI: 601, 606 
pancreatic adenocarcinoma, differential 
diagnosis, VI: 587-589 
Isovascular liver metastases: 

hepatocellular carcinoma, VI: 198, 

215-217 
imaging studies, VI: 149, 151 
Ivemark syndrome (asplenia), MR imaging, 
VI: 681, 685 



Jejeunal atresia, fetal assessment, V2: 

1615 
Joubert syndrome, fetal assessment, V2: 

1593-1597 
Juvenile hypertrophy, breast, V2: 

1700-1701 
Juvenile polyposis syndrome, colonic 

adenomatous polyps, VI: 832 
Juxtarenal process, V2: 1172-1173 

Kaposi sarcoma, VI: 748, 756 

Karyotype analysis, gonadal differentiation 

anomalies, V2: 1415 
Kasabach-Merritt sequence, fetal 
assessment, V2: 1620 
Kawasaki disease, retroperitoneal benign 
lymphadenopathy, V2: 
1249-1250 
Kidneys. See also Renal parenchyma 
benign masses: 

adenomas, V2. 1068 
cysts, V2. 1035, 1037-1064 
acquired dialysis-related cystic 
disease, V2. 1049, 1052, 
1061-1062 
angiomyolipoma, V2: 1063-1068 
autosomal dominant polycystic 

kidney disease, V2. 1044, 1047, 
1052-1056 
autosomal recessive polycystic 
kidney disease, V2. 1047, 
1056-1058 
calcified cysts, V2. 1042, 1048 
complex cysts, V2: 1037, 

1040-1041 
fetal assessment, V2: 1614— 1616 
hemhorragic/proteinaceous cysts, 

V2. 1037, 1042-1047 
medullary cystic disease, V2: 1049, 

1059-1060 
medullary sponge kidney, V2: 1049, 

1060 
multicystic dysplastic kidney, V2: 

1047-1049, 1058 
multilocular cystic nephroma, V2: 

1060, 1063-1064 
perinephric pseudocysts (parapelvic 

cysts), V2. 1042, 1044, 1050 
septated cysts, V2. 1042, 1047 
simple renal cysts, V2: 1035, 1037 
thickened wall and infiltration, V2: 

1043, 1049 
tuberous sclerosis, V2: 1066, 

1069-1071 
von Hippel-Lindau disease, V2: 
1066, 1068, 1072 
myelofibrosis, extramedullary 

hematopoiesis, V2. 1068, 1073 
oncocytomas, V2. 1068, 1072 
pattern recognition, V2: 1037 
collecting system, filling defects, V2: 

1159, 1166-1169 
congenital anomalies, V2: 1031-1036 

seminal vesicles and, V2: 1382, 1384 
end-stage kidney disease, V2. 1138, 
1146-1147 



fetal assessment: 

anomalies, V2. 1612-1613 
normal development, V2: 1584—1585 
hemorrhage, V2: 1156-1158 
infectious disease: 

abscess, V2. 1142, 1144, 1149-1152 
acute pyelonephritis, V2: 1142, 

1147-1149 
malakoplakia, V2. 1153-1154 
pyonephrosis, V2. 1155-1156 
renal candidiasis, V2: 1155 
xanthogranulomatous pyelonephritis , 
V2: 1152 
malignant masses: 

carcinoid tumor, V2: 1109, 1111 
granulocytic sarcoma, V2: 1109, 1111 
lymphoma, V2. 1103, 1106-1110 
renal cell carcinoma, V2: 1073-1098 
chronic renal failure, V2: 1098-1101 
MR imaging, V2. 1098, 1102 
radiofrequency ablation, V2: 

1088-1089, 1095-1096 
recurrence, V2. 1089, 1096-1097 
staging, V2. 1073-1095 
small cell carcinoma, V2: 1110, 1113 
Wilms tumor (nephroblastoma), V2: 
1102-1106 
metastases to, V2: 1112, 1114-1115, 

1159 
MR imaging technique, V2: 1025-1031 
normal anatomy, V2: 1025-1030 
pediatric imaging, V2: 1650 
renal collecting system dilation, V2: 

1164, 1169-1172 
renal function, V2. 1173, 1175-1177 
transplants, VI: 671-673, 1173, 

1177-1188 
trauma, V2: 1112-111 A 

perinephric pseudocysts, V2: 1042 
Kippel-Trenaunay syndrome, 

hemangiomatous infiltration, 
VI: 841 
Klatskin tumors: 

bile duct imaging, VI: 515-518, 522-526 
biliary stent and, VI: 526-527 
Klebsiella spp., prostate infection, V2: 

1373-1374 
Krukenberg tumor, ovarian metastases, V2: 
1547, 1550 

LAO projection data, magnetic resonance 

angiography, V2: 1684 
Laparoscopic imaging, ovaries, MRI vs., 

V2: 1506-1507 
Large intestine. See also Colon cancer 
benign masses: 

hemangiomatous infiltration, 

Kippel-Trenaunay syndrome, 
VI: 841 
lipomas, VI: 832, 839 
mesenchymal neoplasms 

(miscellaneous), VI: 832, 841 
mucocele, VI: 832, 838, 841-842 
polyps/polyposis syndromes, VI: 829, 

832, 835-838 
varices, VI: 838 
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Large intestine {Continued) 
congenital anomalies: 

anorectal anomalies, VI: 827, 833 
duplication, VI: 827, 832 
malrotation, VI: 827 
inflammatory and infectious disease: 
abdominoperineal resection, VI: 892, 

894-895 
abscess formation, VI: 874, 876-877, 

881-886 
appendiceal abscess, VI: 874, 881 
appendicitis, VI: 874, 879-881 
colonic fistulae, VI: 883, 887-888 
Crohn colitis, VI: 869, 872-874 
diverticulitis, VI: 869, 874-879 
infectious colitis, VI: 883-884, 

888-892 
radiation enteritis, VI: 888, 892-894 
rectal surgery, VI: 892, 894-895 
ulcerative colitis, VI: 867-868, 
870-871 
malignant masses {See also Rectal 

cancer; specific cancers, e.g. 
Colon cancer) 
adenocarcinoma, VI: 843-865 
TNM staging, VI: 843 
metastases to, VI: 867, 869 

gastrointestinal stromal tumors, VI: 
860, 866 
MR imaging techniques, VI: 824, 
827 
intraluminal contrast agents, VI: 892, 
895-897 
normal anatomy, VI: 823-824, 827, 
830-831 
Late hepatic arterial phase (LHAP), 

gadolinium-based contrast 
agent, V2: 1774-1777 
Leiomyomas: 

bladder, V2: 1300, 1302-1303 
broad ligament, V2: 1449, 1453-1454 
esophageal imaging, VI: 726-728 
female urethra, V2: 1403 
ovaries: 

benign neoplasms, V2: 1525-1526 
malignant transformation, V2: 1545, 
1548 
small intestine, VI: 775, 780 
stomach, VI: 736 
uterine, V2. 1449, 1451-1469 

adenomyosis, differential diagnosis, 

V2. 1467, 1469 
classification, V2: 1451 
endometrial carcinoma, V2: 1468, 

1470, 1473 
hemorrhagic degeneration, V2: 1456, 

1458-1459 
intramural, V2: 1449, 1451 
malignancy, V2: 1456, 1465-1466 
MR imaging appearance, V2: 

1452-1469 
in pregnancy, maternal imaging, V2: 

1564, 1567-1570 
submucosal, V2. 1451-1452, 1454, 
1456-1469 
vaginal, V2. 1416, 1423 



Leiomyosarcoma : 

inferior vena cava, V2: 1237-1241 
peritoneal metastases, V2. 918, 923-924, 

930-931 
retroperitoneal neoplasms, V2: 

1265-1270 
uterine, V2. 1456, 1465-1466 
Lesser sac, intraperitoneal fluid, malignant 

disease, V2. 936, 941 
Leukemia, bone metastases, V2: 1274, 

1288-1290 
Linear gadolinium-based contrast agents, 

V2. 1768-1774 
Linguine sign, breast implant rupture, V2: 

1759 
Linitus plastica gastric carcinoma, VI: 738, 

741, 750-751 
Lipoleiomyoma, uterus, V2: 1456, 1464 
Lipomas: 

body wall masses, V2. 1274, 1283 

breast cancer, V2. 1159-1140 

cecal, VI: 832, 839 

colonic, VI: 832, 840 

fatty liver differential diagnosis, VI: 

383 
fetal assessment: 

brain, V2. 1598-1599 
ventriculomegaly, V2: 1588-1592 
liver lesions, VI: 70, 82 
pancreatic, VI: 551-556 
peritoneal, V2. 910 
small intestine, VI: 115 
stomach, VI: 156, 738, 741 
testicular, V2. 1386, 1388, 1390 
Lipomatosis: 

mesenteric, V2: 910 
pelvic, bladder involvement, V2: 1326, 
1329-1330 
Liposarcoma, retroperitoneal, V2: 

1265-1266, 1271 
Lissencephaly, fetal assessment, V2: 

1595-1596 
Littoral cell angioma (LCA), spleen, VI: 

688, 694 
Liver. See also Hepatic cysts; Hepatic 

parenchyma; Hepatocellular 
carcinoma (HCC) 
abscess: 

amebic (nonpyogenic), VI: 430 
infectious cholangitis, VI: 502, 

506-507 
metastases, secondary infection, VI: 

180, 188, 191-192 
pyogenic, VI: 418, 422-432 
arteriovenous fistulas, VI: 388-392 
biliary tree air, VI: 411, 413 
cirrhosis, VI: 321, 331-362 

iron overload, VI: 370 
congestive heart failure, VI: 408, 

411-413 
contrast agents, VI: 50-58 
diaphragmatic insertion imaging, VI: 58, 

60 
diffuse hyperperfusion abnormality, VI: 

389-391, 411, 414-415 
fat and iron deposition, VI: 371, 376 



fatty liver, VI: 371, 373, 377-387 
fetal assessment, V2. 1604, 1612 
fibrosis, renal cysts, V2: 1614— l6l6 
neoplasms, V2: 1620 
focal hyperperfusion abnormality, VI: 

414-417 
gas bubbles, ablative therapies, VI: 

286-287 
genetic disease, VI: 315-318 

a 1 -antitrypsin deficiency, VI: 315, 

317 
Wilson disease, VI: 315-318 
hepatic arterial obstruction, VI: 405, 

407-409 
hepatic venous thrombosis: 

hepatic vein thrombosis, VI: 405 
hepatocellular carcinoma, VI: 202, 
224-232 
iron overload: 
cirrhosis, VI: 370 
genetic idiopathic hemochromatosis, 

VI: 354, 362, 365-368 
secondary hemochromatosis: 
hemolytic anemia, VI: 368, 370, 

374-375 
transfusional iron overload, VI: 
368-373 
laceration, hepatic transplantation 

complication, VI: 292, 296 
lateral segment elongation imaging, VI: 

58, 60 
lesions: 

pattern recognition, VI: 51 
posttreatment, VI: 256 
metastases to {See also Liver metastases 
under specific cancers) 
ablative therapies, VI: 278-287 
adrenal cortical carcinoma, V2: 998, 

1006 
adrenal gland neuroblastoma, V2: 

1013-1017 
angiosarcoma, VI: 240, 242, 249 
avascular, VI: 149, 152 
benign lesions, differential diagnosis, 

VI: 165, 177, 190 
bile duct carcinoma 

(cholangiocarcinoma), VI: 
238-240, 242, 247-249 
biliary hamartoma, differential 

diagnosis, VI: 67, 73-77 
capsule-based metastases, VI: 165, 
189 
hepatocellular carcinoma, VI: 202, 
224, 232-233 
chemotherapy-related, VI: 257, 

264-270 
coexistent cysts, VI: 165, 190 
colon adenocarcinoma, VI: 843, 845, 

858, 860 
cryotherapy, VI: 278, 286-287 
epithelioid hemangioendothelioma , 

VI: 251-253 
in fatty liver, VI: 128, 140-142 
fatty liver, imaging interference, VI: 

371, 377-379 
fibrolamellar carcinoma, VI: 238-239 
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focal nodular hyperplasia/ 

hepatocellular adenoma, 

differential diagnosis, VI: 177, 

180 
hemangiomas, VI: 90, 101 
hepatoblastoma, VI: 251, 253-255 
hepatocellular carcinoma, VI: 

188-189, 192-233 
differential diagnosis, VI: 235 
hypervascular metastases, VI: 128, 

138-139 
hypovascular cystic metastases, VI: 

149, 152-153 
insulinoma, VI: 601 
islet cell tumors, VI: 594-597, 601, 

604-606 
lymphoma, VI: 238, 240-245 
malignant mesothelioma, VI: 242, 

250-251 
melanoma, in fatty liver, VI: 128, 

142 
MR imaging techniques, VI: 121, 128, 

137-147 
computed tomography arterial 

portography vs., VI: 143, 

145-147 
computed tomography vs., VI: 

141-144 
coronal images, VI: 128, 143 
detection and characterization, VI: 

128, 137-143 
lesional/perilesional enhancement, 

VI: 147-150 
vascularity and degree of 

enhancement, VI: 149, 151-162 
mucinous cystadenoma/ 

cystadenocarcinoma, VI: 

614-616 
multiple myeloma, VI: 238, 245-246 
pancreatic adenocarcinoma, VI: 552, 

580, 584-587 
pancreatic gastrinomas, VI: 591, 

598-602 
pancreatic islet cell tumors, VI: 591, 

593-596 
perfusional defect imaging, VI: 143, 

147, 398-400 
postradiation therapy, VI: 257, 

262-264 
posttreatment, VI: 256 
pyogenic abscess, differential 

diagnosis, VI: 418, 430 
rectal carcinoid tumors, VI: 867-868 
resection, VI: 256-262 
secondary infection, VI: 180, 188, 

191-192 
small intestine carcinoids, VI: 119, 

790-791 
transcatheter arterial 

chemoembolization, VI: 268, 

270-278 
undifferentiated sarcoma, VI: 251, 256 
MR imaging: 

basic technique, VI: 46-50 
gadolinium-based contrast agents, V2: 

1768, 1770-1772 



gadolinium-enhanced Tl -weighted 
images, hepatic arterial 
dominant (capillary) phase, VI: 
10-13 
protocol for, VI: 16-20 
whole body imaging, VI: 36, 39 
mucopolysaccharidoses, VI: 384, 

387-388 
normal anatomy, VI: 45-46 

variations, VI: 58-60 
pediatric imaging, V2: 1649 
porta hepatis lymphadenopathy, VI: 

352, 354, 362-364 
portal venous air, VI: 411, 413 
portal venous obstruction/thrombosis, 
VI: 388, 391, 393-400 
hepatocellular carcinoma, VI: 202, 
224-232 
postradiation therapy, VI: 257, 262-264 
preeclampsia and eclampsia, VI: 407, 

410-411 
resection, VI: 256-262 
systemic chemotherapy, VI: 257, 

264-270 
transcatheter arterial chemoembolization, 

VI: 268, 270-278 
transplantation, MR imaging, VI: 

287-305 
trauma, VI: 438-442 

hepatic cysts, VI: 60, 65-66 
Liver adenomatosis, VI: 114—118 
Lobar/semilobar holoprosencephaly, fetal 

assessment, V2: 1589-1592 
Lobular carcinoma in situ (LCIS), benign 
breast lesions, V2: 1719, 
1721-1722 
Lobular intraepithelial neoplasia (LIN), 

fibroadenomas, V2. 1702-1706 
Lower esophageal sphincter (LES), 
achalasia, VI: 729-730 
Lung cancer: 

liver metastases, VI: 151, l6l 

squamous cell lung cancer, VI: 162, 
175-176 
MR imaging techniques, V2: 1654-1661 
pancreatic metastases, VI: 619, 625, 

629-630 
pulmonary nodules, V2: 1654, 1657, 

1662-1665 
small intestine metastases, VI: 782, 792 
splenic metastases, VI: 701, 703-706 
stomach metastases, VI: 760 
Lung imaging, fetal assessment, normal 

development, V2: 1583 
Lymphadenopathy: 

adrenal glands, retroperitoneal, V2: 

1017, 1019 
colon cancer, VI: 858, 860 
lymphoma, VI: 860, 867 
endometrial carcinoma, V2: 1474-1481 
hilar and mediastinal, V2: 1 666-1 667 
MRI signal intensity and, VI: 1-2 
pancreatic adenocarcinoma, VI: 552, 

577-578, 580, 584 
peritoneal metastases, V2: 924-925, 
934-935 



porta hepatis lymphadenopathy, VI: 

352, 354, 359, 362-364 
retroperitoneum: 

benign masses, V2: 12A1-1250 
Hodgkin lymphoma, V2. 1253-1254 
malignant metastatic, V2: 1258-1263 
spleen, lymphoma metastases, VI: 694, 
699-703 
Lymphangiomas : 

fetal assessment, V2. 1598, 1603 
pelvic, V2. 1274, 1291-1292 
spleen, VI: 693 
Lymphatic dissemination: 
ovarian malignancies: 

epithelial tumors, V2. 1532-1533 
metastases to, V2. 1547, 1549-1550 
peritoneal metastases, V2: 924-925, 
934-935 
carcinoid tumors, V2: 936-938 
pseudomyxoma peritonei, V2: 
936-938 
testicular cancer, V2: 1391-1396 
Lymph nodes: 

adrenal gland neuroblastoma, V2. 

1013-1017 
bladder cancer, transitional cell 

carcinoma, V2: 1307-1316 
breast, V2. 1712-1714 
cervical cancer metastases, V2: 

1486-1488 
colon cancer imaging, VI: 843, 848 
endometrial carcinoma, V2: 1474-1481 
magnetic resonance lymphography, VI: 

896-897 
ovarian malignancies, epithelial tumors, 

V2: 1532-1533 
pancreatic adenocarcinoma involvement, 

VI: 575, 578, 580, 584 
prostate cancer metastases, V2: 

1368-1373 
psoas muscle tumors, V2: 1271, 

1273-1274 
retroperitoneal necrotic malignant, V2: 
1258, 1262-1263 
Lymphocele: 

inferior vena cava thrombus, V2: 1237 
renal transplants, V2. 1178, 1182, 1185 
Lymphoma. See also Hodgkin lymphoma; 
Non-Hodgkin lymphoma 
adrenal glands, V2. 1017, 1019 
bile duct/ampulla metastases, VI: 520 
bladder, V2. 1316, 1321 
body wall, V2. 1274, 1284-1290 
breast cancer, V2: 1141-1143 
colorectal malignancies, VI: 860, 867 
kidneys, V2. 1103, 1106-1110 
liver metastases, VI: 238, 240-245 
angiotropic intravascular, VI: 238, 

242 
Burkitt lymphoma, VI: 238, 243-244 
HIV patient, VI: 238, 245 
post-hepatic transplantation, VI: 238, 

241 
primary hepatic, VI: 238, 244 
ovarian, V2. 1545, 1548-1549 
renal pelvis and ureter, V2. 1159 
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Lymphoma {Continued) 

retroperitoneal malignant masses, V2: 

1253-1257 
small intestine, VI: 779, 786-791 
spleen malignancies, VI: 693-694, 
699-703 
direct tumor invasion, VI: 704-705 
testicular, V2: 1395-1396 
vaginal, V2: 1421, 1424 

Macrocystic serous cystadenoma, MR 

imaging, VI: 607, 611-612 

Macrocytic gadolinium-based contrast 

agents, V2. 1768-1774 
Magnetic field strength: 

breast MRI imaging, V2: 1692-1693 
pediatric MRI, V2. 1644 
Magnetic resonance angiography (MRA): 
aortic imaging: 

abdominal aortic aneurysm, V2: 

1201-1207 
aortic dissection, V2. 1201, 1208-1212 
chest imaging, V2: 1654 
hepatic transplantation protocol, VI: 

287-289, 292 
hepatocyte-specific contrast agents, V2: 

1768 
inferior vena cava, V2: 1223, 1228-1230 
malignancies vs. thrombus, differential 

diagnosis, V2. 1240-1241 
thrombus, V2. 1232-1237 
insulinomas, VI: 601 
kidney imaging, V2: 1029 

transplants, V2: 1177-1184 
liver, arteriovenous fistulas, VI: 388-392 
pancreatic imaging, VI: 540 

pancreatic transplants, VI: 671-673 
pulmonary emboli, V2: 1673, 1675-1 677 
pulmonary vascular abnormalities, V2: 

1673, 1678-1684 
renal artery disease, V2: 1129, 

1131-1133 
retroperitoneal imaging, V2: 1194 

vessels, V2. 1194-1200 
small intestine, ischemia and 

hemorrhage, VI: 816, 819-823 
thoracic, V2. 1673, 1679-1684 
Magnetic resonance cholangiography, 

echo-train spin-echo sequences, 
VI: 1 
Magnetic resonance 

cholangiopancreatography 
(MRCP). See also 
Secretin-enhanced MRCP 
3T MR imaging, 8-channel torso coil, VI: 

35-37 
bile duct: 

benign disease: 

AIDS-related cholangiopathy, VI: 

505 
ampullary adenoma, VI: 511, 516 
ampullary fibrosis, VI: 489, 

495-496 
ampullary stenosis, VI: 489 
Caroli disease, VI: 505, 511-513 
cholecdocholithiasis, VI: 488-492 



choledochal cyst, VI: 505, 508-510 
choledochocele, VI: 505, 511 
cysts, VI: 505 
infectious cholangitis, VI: 499, 

502-507 
mass lesions, VI: 511, 514-520 
papillary adenoma, VI: 511, 515 
papillary dysfunction, VI: 489, 493, 

497 
postsurgical complications, VI: 511, 

514-515, 517-520 
primary sclerosing cholangitis, VI: 

494, 497-502 
sclerosing cholangitis, VI: 493-494 
imaging studies, VI: 483-488 

pitfalls, VI: 489, 493-494 
malignant disease: 

carcinoma , intrahepatic/peripheral 
metastases, VI: 238-240, 242, 
247-249 
cholangiocarcinoma, VI: 515-518, 

521-526 
metastases to, VI: 530 
periampullary/ampullary carcinoma, 
VI: 518, 520, 527-530 
pitfalls of, VI: 489, 493-494 
biliary anastomoses, VI: 464, 466-467 
cholecystitis: 

acute cholecystitis, VI: 468-415 
chemoembolization-induced, VI: 
468, 476 
acute on chronic cholecystitis, VI: 

468, 475 
chronic, VI: 475, 477-478 
hemorrhagic, VI: 475-477 
xanthogranulomatous, VI: 477 
gadolinium-based contrast agent, V2: 

1771-1772 
gallstone disease, VI: 464-465, 467-469 
hepatic transplantation protocol, VI: 

287-289 
intestinal choledochocele, VI: 115-116 
intraductal papillary mucinous 

neoplasms, VI: 615-621 
intraductal papillary mucinous tumor, 

serous cystadenoma, differential 
diagnosis, VI: 612 
MR imaging vs., VI: 455 
pancreatic imaging, VI: 536, 540 
acute pancreatitis, VI: 625, 632 
cystic fibrosis, VI: 546 
pancreas divisum, VI: 541-542 
trauma assessment, VI: 665, 668-671 
in pregnancy, maternal imaging, V2: 

1564 
small intestine, adenocarcinoma, VI: 111 
T2-weighted sequences, VI: 456-461 
Magnetic resonance colonography, VI: 827 

colon cancer polyps, VI: 848, 851-852 
Magnetic resonance ductography, 
intraductal papilloma, 
differential diagnosis, V2: 
1707-1709 
Magnetic resonance imaging (MRI): 
emerging developments in, VI: 25 
liver imaging techniques, VI: 46-50 



Magnetic resonance lymphography: 
imaging contrast agents, VI: 896-897 
retroperitoneum, malignant metastatic 
lymphadenopathy, V2: 
1258-1263 
Magnetic resonance spectroscopy: 
male pelvis, V2. 1343-1344 
prostate cancer, adenocarcinoma, V2. 
1352, 1356-1373 
Magnetic resonance urography: 

echo-train spin-echo sequences, VI: 1 
kidney imaging techniques, V2: 1184, 
1188 
perinephric pseudocyst, V2: 1042, 

1044, 1050 
transplants, V2: 1111 -USA 
in pregnancy, maternal imaging, V2: 

1564, 1566 
renal collecting system dilation, V2: 
1164, 1170 
Magnetic susceptibility artifact, breast MRI, 

V2 1695 
Magnetization-prepared rapid-acquisition 
gradient echo (MP-RAGE) 
sequences: 
abdominal-pelvic imaging, VI: 5-6 
pediatric patients, V2: 1637-1639, 
1641-1644 
Malakoplakia, V2. 1153-1154 
Male pseudohermaphroditism, Wilms 
tumor and, V2. 1103-1106 
Malignant mixed mesodermal/mullerian 
tumor: 
bladder, V2. 1316 

uterine sarcoma, V2: 1475, 1479-1481 
Malrotation: 

kidneys, V2. 1031 
small intestine, VI: 770-771 
Mammography: 

ductal carcinoma in situ, benign lesions, 

V2: 1719-1721 
MRI guidance and intervention, V2: 
1760-1762 
Manganese-based (Mn-DPDP 

(mangofodipir))-enhanced SGE 
imaging: 
biliary tree, normal anatomy, VI: 460-461 
contrast agenta, V2. 1778-1779 
liver images, VI: 50 

hepatocyte targeting, VI: 50-58 
portal arteriovenous system, VI: 46, 50 
Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 
460-461 
Mass enhancement, breast cancer imaging, 

V2: 1723 
Mastectomy: 

postoperative MRI, V2: 1744-1749 
prostheses, fat necrosis, V2: 1750-1752 
Mastitis, inflammatory breast carcinoma, 

differential diagnosis, V2: 1739 
Maternal imaging. See also 

pregnancy-related imaging 
under specific cancers and 
diseases 
amniotic fluid assessment, V2: 1622-1623 
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anticardiolipin antibodies, fetal stroke, 

V2. 1598-1599 
metastases in pregnancy, V2: 1561-1575 
multiple gestation, V2. 1623-1624 
placental imaging, V2: 1623, 1625-1627 
postpartum uterus, V2: 1575-1580 
pregnancy complications, V2. 1561-1575 
Maximum-intensity projection (MIP): 
aortic imaging, V2. 1200-1227 

aortic dissection, V2: 1201, 1208-1212 
breast MRI, V2. 1693-1694 

ductal carcinoma in situ, V2: 1721 
fibroadenomas, V2. 1703, 1706 
chest imaging, V2: 1654 
kidneys, renal artery disease, V2: 1129, 

1131-1133 
magnetic resonance 

cholangiopancreatography, VI: 
456, 458-460 
thoracic aorta, V2: 1679-1684 
vessel imaging, V2. 1198-1200 

inferior vena cava malignancies, V2. 
1240-1241 
Mayer- Rokitansky-Kiister-Hauser syndrome : 
uterine agenesis/hypoplasia, V2: 

1441-1443 
vaginal agenesis/partial agenesis, V2. 
1411-1413 
Mayo End-Stage Liver Disease (MELD) 
scale: 
autoimmune hepatitis, VI: 314 
primary sclerosing cholangitis, VI: 304, 
311 
Meckel diverticulum, VI: 110, 11 A 
Meckel-Gruber syndrome: 

encephalocele, fetal assessment, V2: 

1595, 1597 
renal cysts, fetal assessment, V2: 
1614-1616 
Meconium: 

MR imaging, V2. 1583-1585 
pseudocysts, V2: 1617 
Mediastinal ascites, V2: 936, 942 
Mediastinal lymphadenopathy, V2: 

1666-1661 
Medistinal neoplasms, fetal assessment, V2: 

1612 
Medium-vessel disease, renal artery, V2: 

1136, 1138 
Medulla, adrenal. See Adrenal glands, 

medullary masses 
Medullary carcinoma, breast cancer, V2: 

1732-1733 
Medullary cystic disease, V2: 1049, 

1059-1060 
Medullary sponge kidney (MSK), V2. 1049, 

1060 
Megacystis-microcolon hyperperistalsis 

syndrome, fetal assessment, V2: 
1613-1614 
Meigs syndrome, benign ovarian 

neoplasms, V2. 1525-1526, 
1529-1531 
Melanoma: 

anorectal, VI: 867, 869 

breast metastases, V2: 1743-1744 



iliacus muscle metastases, V2: 1273, 

1276 
metastases: 

to bile duct/ampulla, VI: 520 
to gallbladder, VI: 483, 487 
to liver, VI: 164, 181-182 
to pancreas, VI: 625, 628 
ovarian metastases, V2: 1547, 1549-1550 
splenic metastases, VI: 701, 703-706 
stomach metastases, VI: 160 
vulvovaginal malignancies, V2: 1421, 
1424 
Membranous nephropathy, glomerular 

disease, V2. 1117-1118 
Menstruation, uterine changes, V2: 

1437-1439 
Merkel cell cancer, pancreatic metastases, 

VI: 625, 631 
Mesenchymal hamartoma, fetal assessment, 

V2: 1620 
Mesenchymal tumors, breast cancer, V2: 

1739-1740 
Mesenteric adenopathy, peritoneal 
metastases, V2. 924-925, 
934-935 
Mesenteric cysts, V2. 907, 910 
Mesenteric lipodystrophy, V2. 946, 950 
Mesenteric lipomatosis, V2. 910 
Mesenteritis, V2. 946, 950 
Mesoblastic nephroma, fetal assessment, 

V2. 1620 
Mesorectum imaging, colon cancer, VI: 

848 
Mesothelioma, malignant: 

liver metastases, VI: 242, 250-251 
peritoneal diffusion, V2: 912, 915-917 
Metabolic acidosis, nephrogenic systemic 

fibrosis and, V2. 1782-1783 
Metallic artifacts: 

bile duct MRCP, VI: 489, 493-494, 505 

biliary papillomatosis, VI: 514-515 
single-shot echo-train spin-echo 
sequences, VI: 7-8 
Metastatic immature teratoma, peritoneal 
metastases, V2. 918, 923-924, 
927 
Methemoglobin: 

bladder, hemorrhagic cysts, V2: 1326, 

1329 
renal cysts, hemhorragic/proteinaceous 
cysts, V2: 1037, 1046 
Microcystic serous cystadenoma, VI: 

606-607, 609-611 
Micro varices, peritoneal, V2: 945-946, 

948-949 
Middle interhemispheric 

holoprosencephaly (MIH), fetal 
assessment, ventriculomegaly, 
V2: 1590-1592 
Mid-hepatic arterial phase (MHAP) 

imaging, gadolinium-based 
contrast agent, V2. 1774-1777 
Misregistration artifacts, breast MRI, V2: 

1695 
Monodermal teratoma, benign ovarian 
neoplasm, V2-. 1521 



Mosaic enhancement, liver imaging, 

congestive heart failure, VI: 
407, 411-413 
Motion- related artifacts: 

1.5T vs. 3T imaging, VI: 35 
adnexal imaging, V2: 1499-1500 
breast MRI, V2. 1694-1695 
chest imaging, V2\ 1654 

pleural disease, V2. 1666, 1671-1672 
pregnancy-related MRI, V2. 1561 
Motion-resistant imaging: 

abdominal region, VI: 20-24 

3T strategy, VI: 23-24 
pediatric patients, V2: 1639, 1641, 
1647-1648 
Mucinous carcinoma, breast cancer, V2: 

1732, 1734 
Mucinous cystadenoma/ 

cystadenocarcinoma, VI: 
612-616 
mucocele, large intestine, VI: 838, 

841-842 
ovaries: 

benign neoplasms, V2: 1518-1520, 

1521-1522 
malignant neoplasms, V2: 1533, 
1536-1537 
Mucin-producing tumors, liver metastases, 

VI: 165, 185-186 
Mucocele, appendix, VI: 832, 838, 

841-842 
Mucopolysaccharidoses, liver imaging, VI: 

384, 387-388 
Mucosa-associated lymphoid tissue 

(MALT), small intestine, VI: 
119, 786-791 
Miillerian duct: 

adenocarcinoma, V2: 1488, 1491 
cancer, ovarian metastases, V2: 1547, 

1549 
congenital anomalies, V2: 1439-1448 
malignant mixed mesodermal/mullerian 
duct tumor, bladder, V2: 1316 
ovarian anomalies, V2: 1503 
prostate cysts, V2. 1344, 1348-1349 
vaginal agenesis/partial agenesis, V2: 
1410-1413 
Multicystic dysplastic kidney, V2: 
1047-1049, 1058 
fetal assessment, V2: I6l4-l6l6 
MultiHance contrast agent (Gd-BOPTA): 
classification, V2. 1768, 1771-1772 
hepatocyt phase, V2: 1777 
liver imaging, VI: 51-58 
adenomatosis, VI: 114, 118 
focal nodular hyperplasia, VI: 55-56, 

121, 136 
metastases characterization, VI: 128, 
136 
Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 
460 
Multilocular cystic nephroma, V2: 1060, 

1063-1064 
Multiplanar reformatting (MPR), renal 
artery disease, V2: 1131 
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Multiple endocrine neoplasia (MEN) type 

1, stomach carcinoids, VI: 759 
Multiple endocrine neoplasia (MEN) type 

IIA or IIB, pheochromocytoma, 

V2. 1005 
Multiple gestation, MR imaging techniques, 

V2. 1623-1624 
Multiple imaging variables, magnetic 

resonance imaging, VI: 13-14 
Multiple myeloma: 

liver metastases, VI: 238, 245-246 
metastases, gadolinium-based contrast 

agent imaging, V2: 1771-1772 
Mumps orchitia, V2: 1397-1398 
Mural thrombus, abdominal aortic 

aneurysm, V2: 1200-1201, 

1205 
Mycobacterial infection, liver imaging, VI: 

433-435 
Mycobacterium avium intracellulare (MAI): 
hepatic involvement, VI: 433-435 
infectious colitis, VI: 884, 888, 891-892 
infectious enteritis, VI: 810, 813-814 
retroperitoneal benign lymphadenopathy, 

V2: 1247-1250 
Myelofibrosis, kidney, extramedullary 

hematopoiesis, V2: 1068, 1073 
Myelolipoma, adrenal glands, V2: 977-980, 

988-990 
Myelomeningocele, fetal assessment, Chiari 

II malformation, V2. 1586-1592 
Myofibroblasts tumor, inflammatory: 
bladder lesions, V2. 1304 
hepatic inflammatory disease, VI: 415, 

418-422 
Myoglobinuria, renal tubular blockage, V2: 

1120, 1124 
Myometrial hematoma, postpartum uterus, 

V2. 1575-1580 
Myometrial metastases, endometrial 

carcinoma, V2: 1470 

Nabothian cysts, V2. 1467-1468, 1471 
Nasopharynx. See also Cleft palate 
fetal assessment: 

anomalies, V2. 1598-1607 
normal development, V2: 1583 
Neck imaging, fetal assessment: 

anomalies, V2. 1598-1599, 1601-1607 
normal development, V2: 1583 
Necrosis: 

fetal assessment, destructive lesions, V2: 

1598-1601 
ovarian fibroma, V2: 1526, 1530 
Necrotizing granulomatous pancreatitis, 

inflammation or infection, VI: 
665-666 
Negative oral contrast agents, large 

intestine imaging, VI: 896-897 
Neisseria gonorrhoeae: 

Bartholin glands cysts, V2. 141 6-1 418 
tubo-ovarian abscess, V2: 1514, 
1516-1517 
Neoadjuvant chemotherapy (NCT), breast 
cancer, posttreatment MRI, V2: 
1744-1753 



Neonatal ascites, V2. 936, 942 
Nephrectomy: 

pancreatic imaging, VI: 540-541 
segmental, V2. 1142, 1146 
Nephroblastoma (Wilms tumor), V2: 

1102-1106 
Nephrogenic systemic fibrosis (NSF): 

circulating fibrocyte hypothesis, V2: 1783 
contrast agents, V2: 1767 
contrast-induced nephropathy risk vs., 

V2: 1784-1786 
definition, V2. 1780 
diagnosis, V2: 1783 
epidemiology, V2. 1780-1781 
gadolinium-based contrast agent toxicity, 
V2. 1780-1786 
cofactors, V2. 1782-1783 
pharmacokinetics, V2: 1781-1782 
pathophysiology and risk factors, V2: 

1781 
pediatric imaging, contrast agents, V2: 

1647 
pulmonary emboli imaging, V2: 1673, 

1675-1677 
renal function, V2: 1781 
risk minimization guidelines, V2: 

1783-1784 
treatment and prognosis, V2: 1783 
vessel imaging, V2: 1195-1200 
Nephroma, mesoblastic, fetal assessment, 

V2: 1620 
Nephropathy: 

ischemic, V2. 1129, 1131, 1134 
reflux nephropathy, V2. 1126, 1128, 1130 
Wilms tumor and, V2. 1103-1106 
Nephrophthisis, V2: 1049, 1059-1060 
Nephroscleroses, renal artery disease, V2: 

1137 
Nephrotic syndrome, V2: 1117, 1120 
Neural tube defects, fetal imaging, V2. 

1585-1592 
Neurenteric cysts, fetal assessment, V2: 

1612 
Neurilemmoma, retroperitoneum, V2: 1240, 

1245-1247 
Neuroblastoma: 

adrenal glands, V2. 1006, 1012-1017 
fetal assessment, V2. 1618, 1620 
retroperitoneum, V2: 1266, 1273 
Neuroendocrine carcinoma: 
pancreatic cancer, VI: 593 
stomach, VI: 759 
Neurofibromas: 
bladder, V2. 1304 
retroperitoneum, plexiform, V2: 1240, 

1245-1247 
small intestine, VI: 775, 779 
Neurofibromatosis type 1: 

bladder lesions, V2. 1304-1305 
small intestine neurofibromas, VI: 775, 
779 
Neurogenic tumors: 
bladder, V2. 1304-1305 
small intestine neurofibromas, VI: 775, 

779 
stomach, VI: 136, 738 



Neurovascular bundles, prostate cancer 

invasion, V2: 1368-1373 
Neutropenic colitis, VI: 884, 890 
Nonalcoholic fatty liver disease (NAFLD), 
imaging studies, VI: 317, 
319-320 
Nonalcoholic steatohepatitis (NASH), VI: 

319-320 
Noncooperative patients, imaging protocols 

in, VI: 25-28 
Nonepithelial tumors, bladder cancer, V2: 

1316 
Non-Hodgkin lymphoma: 

adrenal glands, V2. 1017, 1019 
colon, VI: 860, 867 
kidneys, V2. 1103, 1106-1110 
liver metastases, VI: 238, 240-245 
pancreas, VI: 619, 624-625 
peritoneal metastases, V2. 925 
retroperitoneal malignant masses, V2: 

1253-1257 
small intestine, VI: 779, 786-791 
spleen, VI: 693-694, 699-703 
stomach, VI: 156, 758 
Noninvoluting congenital hemangioma, 
fetal assessment, V2: 1604, 
1607 
Nonmass enhancement, breast cancer 

imaging, V2: 1723 
Nonseminomatous tumors, testes, V2: 

1390-1396 
Non-slice selective inversion pulse, 

magnetization-prepared rapid- 
acquisition gradient echo 
sequences, VI: 5-6 
Noose sign, breast implant rupture, V2\ 

1759 
"Nutcracker syndrome," inferior vena cava 
thrombus, V2. 1232-1237 

Obesity: 

nonalcoholic fatty liver disease, VI: 317, 

319-320 
polycystic ovarian syndrome, V2: 1507, 
1509, 1514 
Oligohydramnios : 

encephalocele, fetal assessment, V2: 

1595, 1597 
kidney anomalies, V2: l6l 2-1613 
twin-twin transfusion syndrome, V2: 
1623-1624 
Omental hypertrophy, cirrhosis, VI: 348, 
351, 360 
intraperitoneal varices, V2: 923-924, 
934 
Omental metastases, peritoneal, 

interperitoneal seeding, V2: 
923-924, 934-935 
Omental varices, cirrhosis, VI: 348, 351, 

359 
Omphalocele, fetal assessment, V2: 1617 
Oncocytomas, renal, V2: 1068, 1072 
1.5T imaging: 

3T imaging vs., VI: 31-36 

gastrointestinal tract, VI: 725 
adrenal glands, V2. 963-968 
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breast MRI, V2. 1694-1695 

lung cancer, pulmonary nodules, V2: 

1654, 1662 
male pelvis, V2. 1343-1344 
pediatric patients, V2: 1637, 1644 

receiver coil, V2. 1644-1645 
renal cell carcinoma, stage 4, 1082, 

1084-1085 
vaginal carcinoma, V2. 141 6, 1422 
Oral contraceptives: 

abdominal fibromatosis, V2. 1570 
primary ovarian carcinoma protection, 

V2. 1527 
uterine changes, V2: 1439 
Oral contrast agents: 

large intestine imaging, VI: 892, 895-897 
MR imaging strategies, VI: 20 
pregnancy-related MRI, V2: 1561 
retroperitoneum imaging, V2: 1194 
Organs of Zuckerkandl: 

benign neoplasms, V2: 1247 
pheochromocytoma, V2: 1005-1111 
Oriental cholangitis, MR imaging, VI: 502, 

507 
Oropharynx. See also Cleft palate 
fetal assessment: 

anomalies, V2: 1598-1607 
normal development, V2: 1583 
Out-of-phase (opposed-phase) spoiled 
gradient echo sequences: 
adrenal glands, V2. 963-968 
adenomas, V2. 971-985 
metastases, V2. 998-1002 
basic principles, VI: 4-5 
kidneys, angiomyolipomas, V2. 

1063-1068 
pediatric patients, V2: 1645-1646 
Ovarian arteries, uterine artery 

embolization, V2: 1456, 1464 
Ovarian cancer: 

carcinosarcoma, V2. 1545, 1548 
clear cell carcinoma, V2-. 1533, 

1538-1540 
colon metastases, VI: 867, 869 
epithelial origin, V2. 1531-1533 
primary peritoneal carcinoma, 

differential diagnosis, V2: 912, 
917 
gallbladder metastases, VI: 483, 487 
germ cell origin, V2: 1533-1534, 

1540-1544 
imaging studies, V2: 1518 
kidney metastases, V2: 1112, 1114 
liver metastases, VI: 151, 158-160, 162, 

164, 183-185, 187-188 
lymphoma, V2: 1545, 1548-1549 
mucinous tumors, V2: 1533, 1536-1538 
peritoneal metastases, intraperitoneal 

seeding, V2. 918-924 
in pregnancy, maternal imaging, V2: 

1569, 1571 
primary ovarian carcinoma, V2: 

1526-1527, 1531 
serous tumors, V2: 1533-1536 
sex cord-stromal origin, V2: 1540, 1542, 
1545-1547 



small intestine metastases, VI: 119, 782, 

792 
uterine leiomyoma, differential diagnosis, 
V2: 1451 
Ovarian hyperstimulation syndrome, 

theca-lutein ovarian cysts, V2: 
1504, 1507-1508 
Ovarian torsion: 

paraovarian cysts, V2-. 1504, 1508 
in pregnancy, maternal imaging, V2\ 
1569, 1572 
Ovarian vein thrombosis, postpartum 

uterus, V2: 1578-1580 
Ovaries. See also Adnexa 

benign neoplasms, V2: 1518-1531 
epithelial origin, V2. 1518-1523 
germ cell origin, V2: 1520-1521, 

1526-1529 
sex cord-stromal origin, V2: 
1525-1526, 1530-1531 
congenital anomalies, V2: 1503 
cysts, V2: 1500, 1502-1503 
dermoid cyst, V2. 1520-1521, 

1526-1529 
functional cysts, V2. 1500, 1502, 

1504-1506 
paraovarian/peritoneal cysts, V2. 1504, 

1508 
in pregnancy, differential diagnosis, 

V2. 1567, 1569-1570 
theca-lutein cysts, V2-. 1504, 
1507-1508 
ectopic pregnancy, V2: 1517 
endometriosis, V2: 1504-1513 
hydrosalpinx, V2: 1517 
metastases to, V2. 1546-1547, 
1549-1550 
endometrial carcinoma, V2: 1474, 
1476 
normal anatomy, V2: 1500-1501 
ovarian torsion, V2. 1509-1510, 

1514-1516 
pelvic inflammatory disease/tubo-ovarian 

abscess, V2. 1514, 1516-1517 
pelvic varices, V2: 1517-1518 
polycystic ovaries, V2: 1507, 1509, 

1514 
transposed ovary, V2: 1500-1502 
Overlap syndrome, autoimmune liver 

disease, VI: 313-315 
Ovotestes, MRI detection, V2. 1503 

Paget disease: 

of breast, V2. 1151-1158 
vulvar carcinomas, V2: 1421 
Palate imaging, fetal assessment, normal 

development, V2. 1583 
Pancoast tumor, MR imaging, V2: 1654, 

1660-1661 
Pancreas: 

3T MR imaging, VI: 35-37 

cystic neoplasms, VI: 606-625 {See also 

Pancreatic cancer) 
ductal dilatation: 

chronic pancreatitis, VI: 648-652 
trauma, VI: 665, 668-671 



ductal stenosis, traumatic, VI: 665, 

668-671 
genetic disease: 

cystic fibrosis, VI: 544-548 
primary hemochromatosis, VI: 546, 

548-549 
von Hippel-Lindau syndrome, VI: 
549-550 
inflammatory disease, VI: 625 
miscellaneous conditions and 
infections, VI: 664-661 
pancreatitis, VI: 625 

acute, VI: 625, 628, 636-647 
autoimmune pancreatitis, VI: 656, 

664, 666 
chemtherapy-induced, VI: 664-661 
chronic, VI: 640, 648-665 
hemorrhagic, VI: 632, 639-641 
mild, VI: 625, 632-635 
pseudocyst, VI: 652, 642-641 
metastases to, VI: 619, 625-631 {See also 
specific cancers, e.g., Breast 
cancer) 
MR imaging, VI: 536-541 
mucinous cystadenocarcinoma, liver 

metastases, VI: 165, 185-186 
neoplasms {See also Pancreatic cancer) 
benign solid, lipoma, VI: 551-556 
focal lesions, pattern recognition, VI: 

551 
malignant solid, VI: 552-608 
normal anatomy, VI: 535-536 
pediatric imaging, V2: 1649-1650 
transplants, VI: 671-673 
trauma, VI: 665, 668-671 
Pancreas divisum, MR imaging, VI: 541-542 
Pancreatic anlage, congenital anomalies, 

VI: 542, 545 
Pancreatic cancer: 

acinar cell carcinoma, VI: 589 
ACTHoma, VI: 601, 605 
adenocarcinoma, VI: 552-553, 556-570, 
556-589 
diffuse, VI: 552, 576, 588 
staging, VI: 575, 577-587 
in tail, VI: 552, 574-575 
vessel involvement, VI: 575, 577-578 
adrenal gland metastases, V2. 998-1002 
carcinoid tumors, VI: 602, 607-608 
chemotherapy and radiation therapy 

and, VI: 589-590 
chemotherapy/radiation-treated ductal 
adenocarcinoma, VI: 589-590 
chronic pancreatitis, differential 
diagnosis, VI: 648, 656 
cystic neoplasms: 

cystic fibrosis, VI: 546 
intraductal papillary mucinous 
neoplasms, VI: 614 
main duct type, VI: 6 14-6 17 
side-branch type, VI: 615, 618-621 
lymphoma, VI: 619, 624-625 
metastases, VI: 619, 625-632 
mucinous cystadenoma/ 

cystadenocarcinoma, VI: 
612-616 
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Pancreatic cancer: {Continued) 

pancreatic adenocarcinoma and, VI: 

564 
serous cystadenocarcinoma, VI: 612 
serous cystadenoma, VI: 606-607, 

609-612 
solid/papillary epithelial neoplasm 

(papillary cystic neoplasm), VI: 
619, 622-623 
developmental anomalies, VI: 541-546 
annular pancreas, VI: 541-544 
pancreas divisum, VI: 541-542 
pancreatic anlage, congenital absence, 

VI: 542, 545 
short pancreas, polysplenia syndrome, 

VI: 544, 546 
uneven fatty infiltration, VI: 542, 545 
ductal adenocarcinoma, liver metastases, 

VI: 162 
gastrinomas, VI: 591, 598-602 
glucagonoma, VI: 601, 604 
insulinomas, VI: 601, 603-604 
iron-based contrast agents, differential 

diagnosis, V2: 1778-1779 
islet cell tumors, VI: 590-598 
pancreatic, VI: 590-598 
gastrinomas, VI: 591, 598 
undifferentiated, VI: 601 
pancreatic adenocarcinoma, 

differential diagnosis, VI: 
587-589 
undifferentiated, VI: 590, 597-601 
lymphoma, VI: 619, 624-625 
peritoneal metastases, V2: 918, 923-924, 

928 
schwannoma, VI: 594-597, 601 
somatostatinoma, VI: 601, 604-605 
undifferentiated carcinoma, VI: 589 
VIPoma, VI: 601, 606 
Pancreatitis, VI: 625-667 
acute, VI: 625, 628, 636-647 
autoimmune pancreatitis, VI: 656, 664, 

666 
chemtherapy-induced, VI: 666-667 
chronic, VI: 640, 648-665 
pancreatic adenocarcinoma: 
differential diagnosis, VI: 575 
risk for, VI: 552, 562-564 
focal pancreatitis, VI: 649 , 652, 665 
hemorrhagic, VI: 632, 639-641 
mild, VI: 625, 632-635 
necrotizing granulomatous, VI: 665-666 
pancreas divisum and risk of, VI: 541 
peritoneal inflammation, V2: 940-942, 

946, 949 
pseudocyst, VI: 632, 642-647 
small intestine effects, VI: 810, 815 
Papillary adenoma, bile duct, VI: 511, 515 
Papillary carcinoma, breast cancer, V2: 

1733, 1737 
Papillary cystic neoplasm, pancreas, VI: 

619, 622-623 
Papillary dysfunction, bile duct, MRCP 
imaging, VI: 489, 493, 497 
Papillary epithelial neoplasm, pancreas, 
VI: 619, 622-623 



"Papillary lesions," intraductal papilloma, 
differential diagnosis, V2: 
1707-1709 
Papillary serous carcinoma: 

fallopian tube metastases, V2: 1551-1552 
uterus, V2. 1474, 1477 
Papilloma: 

bladder lesions, V2. 1300-1301 
intraductal, V2. 1707-1709 
Papillomatosis, intraductal papilloma, 
differential diagnosis, V2: 
1707-1709 
Papilomatosis, multiple, diagnostic 
imaging, V2. 1709-1711 
Paraesophageal hiatal hernias, V2: 904, 

906-907 
Paraesophageal varices, cirrhosis, VI: 351, 

361 
Parallel-line sign, breast implant rupture, 

V2. 1759 
Parallel MR imaging: 

evolution of, VI: 25, 29-31 
non-fat-suppressed vs. fat-suppressed 

images, VI: 35-37 
pulmonary emboli, V2: 1673, 
1675-1677 
Paramagnetic contrast agents, liver 

imaging, VI: 50-51 
Parametrium: 

cervical cancer metastases, V2. 

1486-1487 
normal anatomy, V2: 1437 
papillary serous carcinoma, V2: 1474, 
1477 
Paramtrium, normal anatomy, V2: 1437 
Paraovarian cysts, V2. 1504, 1508 
Parapelvic cysts, V2: 1042, 1044, 1050 
Paraumbilical hernia, abdominal wall 

imaging, V2: 904, 909 
Paraumbilical varices, cirrhosis, VI: 348, 

351, 361 
Parenchymal hemorrhage, fetal assessment, 

V2. 1598-1601 
Paroxysmal nocturnal hemoglobinuria, iron 
deposition, renal parenchyma, 
V2. 1121, 1127 
Patient preparation and positioning: 
breast MRI, V2. 1694 
MRI guidance and breast intervention, 
V2. 1760-1762 
Pediatric patients: 

cirrhosis in, VI: 317-318 
MR imaging techniques, V2: 1637-1644 
1.5T and 3.0T sequences, V2: 1639, 

1644 
adnexa, V2. 1650 
adrenal glands, V2. 1650 
bladder, V2. 1650 
data acquisition parameters, V2: 

1644-1645 
echo-train spin-echo sqeuence, V2: 

1644 
female urethra/vagina, V2: 1650 
follow-up procedures, V2: 1647-1649 
gadolinium-based contrast agents, V2: 
1647 



gallbladder/biliary system, V2: 1649 

gastrointestinal tract, V2: 1650 

infants (under 1.5 years), V2: 1645 

kidneys, V2. 1650 

liver, V2. 1649 

magnetic field strength, V2: 1644 

magnetization-preparied 

rapid-acquisition gradient-echo 
sequences, V2: 1639, 1644 
male pelvis, V2. 1650 
older children (6-18 years), V2: 

1645-1646 
pancreas, V2. 1649-1650 
receiver coil, V2: 1644-1645 
retroperitoneum, V2: 1650 
sedation technique, V2: 1646-1647 
single-shot echo-train spin-echo 

sequence, V2: 1644 
small children (1-6 years), V2: 1641, 

1645 
spin-echo sequences, V2: 1637 
spleen, V2. 1650 
Tl-weighted sequences, V2: 1637, 

1639-1644 
T2-weighted sequences, V2: 1644 
three-dimensional gradient-echo 

sequences, V2: 1639 
two-dimensional spoiled gradient echo 

sequences, V2: 1639 
uterus and cervix, V2: 1650 
Peliosis hepatis, VI: 114-115, 119-120 
Pelvic congestion syndrome, V2: 

1517-1518 
Pelvic floor relaxation, female urethra, V2: 

1408-1410 
Pelvic inflammatory disease (PID), 

ovarian abscess, V2: 1514, 
1516-1517 
Pelvic kidney, V2. 1031-1035 
Pelvimetry, MR imaging techniques, V2: 

1629 
Pelvis: 

abscesses, VI: 874, 884-886 

peritoneal inflammation, V2: 951, 
957-958 
Burkitt lymphoma, retroperitoneal 

malignant masses, V2: 1253, 
1257 
cervical cancer invasion of, V2: 

1486-1488 
Ewing sarcoma pelvic metastases, V2: 

1274, 1288 
extrarenal, V2. 1164, 1170 
female pelvis (See Vagina; specific 
organs, e.g., Uterus) 
bowel peristalsis artifacts, V2: 1499 
in pregnancy, maternal imaging, V2: 

1570, 1574 
uterine peristalsis, V2: 1437-1439 
varices, V2. 1517-1518 
fetal assessment: 

anomalies, V2: 1612-1617 
cysts, V2. 1617, 1619 
normal development, V2: 1583-1585 
lipomatosis, bladder involvement, V2: 
1326, 1329-1330 
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male pelvis (See also specific organs, 
e.g., Prostate) 
MR imaging technique, V2. 1343-1344 
pediatric imaging, V2. 1650 
postprostatectomy, V2: 1349, 1354 
metastases, bladder involvement, V2: 

1320-1322 
protocol for, VI: 16-19, 21 
whole body imaging, VI: 36, 40 
Penis: 

benign masses, prostheses, V2: 

1376-1377 
congenital anomalies, V2: 1376 
diffuse disease, V2: 1377-1380 
infectious disease, V2. 1380 
inflammatory disease, V2-. 1380-1381 
metastases to, V2: 1376-1380 
normal anatomy, V2. 1375-1376 
primary tumors, V2. 1377-1380 
trauma, V2: 1382 
Percentage mural enhancement (MRP), 

Crohn disease imaging criteria, 
VI: 796, 803 
Percutaneous gastrostomy tube, VI: 76l, 

766 
Perfusional defect imaging, liver 

metastases, VI: 143, 147, 
398-400 
Periampullary carcinoma, bile duct 

imaging, VI: 518, 520, 527-530 
Perianal fistula, VI: 883, 887-888 
Perilesional enhancement: 
liver imaging: 

hemangiomas, VI: 90, 101 
metastases, differential diagnoses, VI: 
147-150 
pancreatic adenocarcinoma, VI: 580, 

587 
uterine leiomyomas, V2: 1452-1469 
Perinephric pseudocysts, V2: 1042, 1044, 

1050 
Perinephric stranding, renal abscess, V2: 

1144, 1149-1152 
Perineum, carcinomas, V2: 1421 
Periarterial lymphoid sheath (PALS), 
splenic anatomy, VI: 678 
Periportal halo sign, primary biliary 

cirrhosis, VI: 314-315 
Perisplenic varices, splenomegaly and, VI: 

706-709 
Peristalsis. See Bowel peristalsis; Uterine 

peristalsis 
Peristomal hernia, abdominal wall imaging, 

V2: 904, 909 
Peritoneum. See also Retroperitoneum 
benign masses: 
cysts, V2: 907, 910 
desmoid tumor (aggressive 

fibromatosis), V2: 912-914 
endometriosis, V2. 911 
lipomas and mesenteric lipomatosis, 
V2: 910 
cholangiocarcinoma metastases, VI: 520, 

526 
cirrhosis and enhancement of, VI: 348, 
351, 360 



colon cancer metastases, VI: 843, 

847-848, 854-858, 860 
congenital anomalies, V2. 904-907 
foreign bodies, V2: 945-947 
hepatocellular carcinoma metaseses, VI: 

192, 200-201 
hernias, V2: 904-909 

abdominal wall, V2: 904, 908-909 
Bochdalek hernia, V2: 904-905 
hiatus and internal, V2: 904, 906-907 
inflammatory disease: 

abscess, V2: 949, 951, 954-959 
mesenteric panniculitis, V2: 946, 950 
pancreatitis, V2: 940-942, 946, 949 
peritonitis, V2: 949, 951-953 
intraperitoneal fluid: 

ascites, V2: 936, 940-942 
bile, V2: 942 

biloma, V2: 942, 944-945 
blood, V2: 936, 943-944 
lesser sac involvement, V2: 936, 941 
postsurgical, V2: 936, 940 
urine, V2: 942 
malignant masses: 

diffuse malignant mesothelioma, V2: 

912, 915-917 
primary peritoneal carcinoma, V2\ 
912, 917 
metastases to, V2: 912, 914, 918-936 
{See also specific cancers) 
carcinoid tumors, V2: 936, 939-940 
contiguous spread, V2: 912 
hematogenous spread, V2: 924 
intraperitoneal seeding, V2: 914, 

918-935 
lymphatic dissemination, V2. 924-925, 

934-935 
ovarian cancer, V2: 1504-1505, 1533, 

1535-1536 
ovarian endodermal sinus tumor, V2: 

1542 
pseudomyxoma peritonei, V2. 
936-938 
MR imaging technique, V2: 902-903 
normal anatomy, V2: 901-902 
normal variants, V2: 904 
ovarian cysts, V2: 1504, 1508 
pancreatic adenocarcinoma metastases, 

VI: 575, 581-583 
vascular disease, V2: 945-946, 948-949 
Peritonitis, V2: 949, 951-953 
Persistent fetal kidney lobulation, V2: 

1031 
Peutz-Jagers syndrome, colonic 

adenomatous polyps, VI: 832 
Peyronie disease, V2: 1380-1381 
Phase-cancellation artifact, out-of-phase 
(opposed-phase) spoiled 
gradient echo sequences, VI: 
4-5 
Phased-array multicoil imaging: 

3T MR imaging, 4-channel vs. 8-channel, 

VI: 33-34 
adnexa, V2: 1499 
bladder, V2: 1298-1299 
colon cancer, VI: 848 



lung cancer, pulmonary nodules, V2. 

1654, 1657, 1662-1665 
male pelvis, V2: 1343-1344 
pancreatic adenocarcinoma, VI: 559 
pediatric patients, V2: 1644-1 645 
in pregnancy, V2: 1561 
retroperitoneal neoplasms, V2-. 1266 
spoiled gradient echo sequences, VI: 3 
uterus, V2: 1433 

vessel imaging, V2: 1195, 1198-1200 
Pheochromocytoma : 

adrenal medullary masses, V2. 998, 

1005-1111 
bladder, V2: 1303 
Phyllodes tumor, V2: 1706-1707 
Picture archival computing system, vessel 

imaging, V2: 1200 
Pince-nez sign, breast implant rupture, V2: 

1759 
Placenta, MR imaging techniques, V2: 

1623, 1625-1627 
Placenta accreta, MR imaging techniques, 

V2: 1623, 1625-1627 
Placenta previa, MR imaging techniques, 

V2: 1623, 1625-1627 
Pleural disease: 

chest imaging, V2: 1666, 1671-1672 
metastases, V2: 1673-1674 
Pleural metastases, hepatocellular 

carcinoma, VI: 192, 202 
Polycystic ovarian syndrome (PCOS), V2: 

1507, 1509, 1514 
Polygyria, fetal assessment, Chiari II 

malformation, V2: 1588-1592 
Polyhydramnios : 

encephalocele, fetal assessment, V2. 

1595, 1597 
fetal assessment: 

brain neoplasms, V2. 1598 
epignathi, V2: 1599 
mesoblastic nephroma, V2: 1620 
twin-twin transfusion syndrome, V2: 
1623-1624 
Polyorchia, V2: 1386 
Polyposis coli, VI: 829, 832, 838 
Polyposis syndromes: 

gastric polyps, VI: 736, 739-741 
large intestine, VI: 829, 832, 835-836 
small intestinal polyps, VI: 115, 
111-118 
Polyps: 

colonic, VI: 829, 832, 835-838 
endometrial, V2: 1448-1450 
gallbladder, VI: 480, 482-483 
gastric, VI: 156, 739-741 
small intestine, VI: 115, 111-118 
Polysplenia syndrome: 

MR imaging, VI: 681, 683, 686 
short pancreas, VI: 544, 546 
Polythelia, breast imaging, V2: 

1700-1701 
Porcelain gallbladder, VI: All, 480 
Porta hepatis lymphadenopathy: 
hepatitis C and, VI: 327, 330 
imaging studies, VI: 352, 354, 359, 
362-365 
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Portal hypertension: 

cirrhosis, VI: 348, 351, 359-362 
esophageal varices, VI: 727, 729 
gastric varices, VI: 738, 742 
omental metastases, differential 
diagnosis, V2: 923-924 
pediatric patients, imaging protocols, V2: 

1637, 1642 
rectal varices, VI: 838 
splenomegaly, VI: 706-709 
Portal venous system: 

biliary tree, air in, VI: 411, 413-414 
cirrhosis: 

cavernous transformation, VI: 348, 

351, 359 

portal hypertension, VI: 348, 351, 

359-362 
gadolinium-enhanced Tl -weighted 

images, VI: 11 
hemangioma compression, VI: 88, 100 
hepatic arterial dominant phase imaging, 

gadolinium-based contrast 

agent, V2: 1776-1777 
hepatic transplantation complications, 

VI: 292-294 
hepatocellular carcinoma, VI: 192, 

194-198 
MR imaging techniques, VI: 46-47, 50 
porta hepatis lymphadenopathy, VI: 

352, 354, 359 
thrombosis, VI: 388, 391, 393-400 

hepatocellular carcinoma, VI: 202, 

212, 224-232, 234-238 
infectious cholangitis, VI: 502, 

506-507 
pancreatic adenocarcinoma, VI: 566 
Positive intraluminal contrast agents, large 

intestine imaging, VI: 895 
Posterior fossa anomalies, fetal assessment, 

V2: 1591, 1593-1597 
Posttransplant lymphoproliferative disorder 
(PTLD): 
hepatic transplantation, VI: 299-301 
renal transplants, V2. 1177, 1182, 
1184-1185 
Pouchitis, VI: 810 
Pouch of Douglas abscess, VI: 874, 

882-883 
Preeclampsia, liver imaging, VI: 407, 

410-411 
Pregnancy. See also Fetal assessment; 
Gestational trophoblastic 
disease; Maternal imaging 
amniotic fluid assessment, V2: 

1622-1623 
appendicitis diagnostic imaging, VI: 874, 

880-881, V2: 1561-1564 
cervical carcinoma in, V2: 1482-1483 
cervical incompetence, V2: 1629-1631 
cesarean scar pregnancy, V2: 

1577-1580 
Crohn disease in, VI: 796, 802 
ectopic pregnancy, V2: 1517 
endometrioma during, V2: 1504, 1513 
fetal weight and amniotic fluid, V2: 
1622-1623 



inflammatory bowel disease and, VI: 

868, 871 
intussusception, VI: 816, 826 
MRI safety in, V2. 1559-1561 
multiple gestation, V2. 1623-1 624 
ovarian torsion during, V2: 1509-1510, 

1514-1516 
ovarian venous compression and 

thrombosis, V2. 1232, 1237 
pelvimetry, V2: 1629 
placental imaging, V2. 1623, 1625-1627 
septate uterus, V2. 1441, 1447 
subchorionic hematoma in, V2: 

1559-1560 
uterine hematoma in, V2: 1559-1560 
Primary aldosteronism, 

aldosterone-secreting adrenal 
adenomas, V2. 977, 986-987 
Primary biliary cirrhosis (PBC), VI: 

314-315 
Primary hemochromatosis: 
liver, VI: 354, 362, 365-368 
pancreas, VI: 546, 548-549 
Primary peritoneal carcinoma (PPC), V2: 

912, 917 
Primary sclerosing cholangitis (PSC): 
imaging studies, VI: 303-304, 306-311 
MRCP imaging, VI: 494, 497-502 
Primovist (Gd-EOB-DTPA) contrast agent, 
V2: 1768 
liver imaging, VI: 51-58 

focal nodular hyperplasia, VI: 121, 

135 
metastases characterization, VI: 128, 
135 
Proctitis: 

infectious colitis, VI: 888 
radiation-induced, VI: 888, 893-894 
ProHance gadolinium-based contrast agent, 

classification, V2: 1768 
Prominent columns of Bertin, kidney 

anomalies, V2: 1031 
Prostate cancer: 

adenocarcinoma, V2: 1352, 1356-1373 
anaplastic state, V2. 1358, 1366 
recurrence, V2: 1352, 1354 
stage 2, V2: 1352, 1356-1357 
American Joint Committee staging, V2: 

1358, 1368 
American Urological Committee staging, 

V2: 1368 
benign prostatic hyperplasia and, V2: 

1349-1352 
bladder metastases, V2. 1320-1323 
capsular extension, V2: 1352, 1358, 

1359-1363, 1367-1373 
prostatectomy, V2. 1368-1373 
radiation therapy, V2: 1368-1373 
rhabdomyosarcoma, V2: 1352, 1355 
sarcoma, V2: 1352, 1356 
squamous cell carcinoma, V2: 1352, 
1355 
Prostatectomy: 

bladder changes, V2. 1331, 1335 
prostate cancer treatment, V2: 1368-1373 
prostate scarring, V2: 1352-1354 



Prostate gland: 

benign lesions, V2. 1349-1354 
congenital anomalies, V2: 1344, 

1347-1349 
inflammatory and infectious disease, V2: 

1373-1374 
metastases to, V2. 1368-1373 
MR imaging techniques, V2: 1343-1344 
normal anatomy, V2: 1344—1346 
trauma, V2. 1374-1375 
Prostatis, chronic, V2: 1373 
Prostheses: 

breast, fat necrosis, V2: 1150-1152 
breast implants, V2. 1754-1759 
categories, V2. 1754-1755 
failure, V2. 1687-1689, 1755-1757 
fat necrosis, V2. 1746, 1749-1752 
imaging techniques, V2: 1757-1759 
postoperative MRI, V2. 1744-1749 
penile, V2. 1376-1377 
testicular, V2. 1386 
Protein synthesis, liver metastases, VI: 165, 

186 
Proteus spp., prostate infection, V2: 

1373-1374 
Proton NMR spectroscopy, breast imaging, 
V2: 1696 
fibroadenolipoma, V2. 1709, 1711 
Proximal descending colon, 

adenocarcinoma, VI: 843, 845 
Prune belly syndrome: 

bladder anomalies, V2: 1299 
fetal assessment, V2: 1613-1614 
wandering spleen and, VI: 681 
"Pruning," primary sclerosing cholangitis, 

MRCP imaging, VI: 497-502 
Pseudoaneurysms : 
aorta, V2. 1201-1207 
renal artery disease, V2: 1133, 1135 
Pseudocysts: 

adrenal glands, V2. 980-981, 984, 

991-993 
intraperitoneal cocoon, V2: 945, 947 
pancreatic: 

acute on chronic pancreatitis, VI: 656, 

659-664 
acute pancreatitis, VI: 625, 628, 637, 

642-647 
hemorrhagic pancreatitis, VI: 656, 665 
trauma, VI: 665, 668-671 
perinephric (parapelvic), V2: 1042, 1044, 

1050 
peritoneal, V2. 910 

ovarian cysts, V2. 1504, 1508 
peritonitis, V2. 949, 951-953 
spleen, VI: 683, 687-690 
Pseudohermaphrodites, V2: 1415-1416 
Pseudomembranous colitis, VI: 883-884, 

889 
Pseudomonas spp., prostate infection, V2: 

1373-1374 
Pseudomyxoma peritonei: 

mucocele, large intestine, VI: 838, 

841-842 
peritoneal metastases, V2: 936-938 
"Pseudopolyps," ulcerative colitis, VI: 867 
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Pseudotumor: 

hepatic inflammatory disease, VI: 415, 

418-422 
retroperitoneal inflammatory, V2: 1247 
testes, scrotum and epididymis, V2: 
1388, 1390 
Psoas muscle: 

abscess, V2: 1273-1274, 1276-1279 
MR imaging, V2. 1271, 1273-1280 
neurogenic tumor, V2: 1271, 1273 
Pulmonary emboli, magnetic resonance 
angiography, V2. 1673, 
1675-1677 
Pulmonary hyperplasia, fetal assessment, 

V2. 1605 
Pulmonary infiltrates, V2: 1666, 

1668-1671 
Pulmonary nodules, MR imaging, V2. 1654, 

1657, 1662-1665 
"Pure gonadal dysgenesis," V2. 1415 
Pyelonephritis: 

acute, V2. 1142, 1147-1149 
renal transplants, V2. 1177, 
1179-1180 
chronic, V2. 1126, 1128, 1130 
in pregnancy, maternal imaging, V2: 

1564, 1566 
xanthogranulomatous, V2. 1152 
Pyeloureteral anastomosis, renal 
transplants, V2. 1184 
Pyogenic abscesses, hepatic, VI: 418, 

422-432 
Pyonephrosis, V2: 1155-1156 
Pyosalpinx. See Tubo-ovarian abscess 
(TOA) 

Radial scarring, breast lesions, V2: 

1714-1715, 1717 
Radiation therapy: 

bladder changes, V2. 1331, 1337 
breast cancer, post-therapy imaging, V2: 

1744, 1747 
breast carcinoma from, V2. 1743 
cervical cancer metastases: 

bladder fistulae, V2. i486, 1489 
recurrence and posttreatment change, 

V2. 1493-1495 
Crohn disease, VI: 791 
esophagitis, VI: 150-151 
gastric ulceration and gastritis, VI: 76 1, 

763 
hepatitis, VI: 321, 331 
large intestine: 

enteritis, VI: 888, 892 
proctitis, VI: 888, 893-894 
liver metastases following, VI: 257, 

262-264 
pancreatic cancer and, VI: 589-590 
peritoneal metastases, differential 

diagnosis, V2. 923-924 
prostate cancer, V2. 1368-1373 
rectosigmoid colon adenocarcinoma, VI: 

852, 858, 861-865 
small intestine, metastases vs., VI: 

815-816, 818 
vaginal effects, V2. 1421, 1428 



Radiofrequency ablation: 

hepatocellular carcinoma, VI: 278, 

280-286 
liver metastases, VI: 278-280 
renal cell carcinoma, V2. 1088-1089, 
1095-1096 
Radiofrequency power deposition, 3T MR 

imaging, VI: 31 
Radiological Diagnostic Oncology Group 
(RDOG), ovarian cancer, 
epithelial tumors, V2: 1533 
Rapid acquisition with relaxation 
enhancement (RARE) 
sequences, VI: 6 
magnetic resonance 

cholangiopancreatography, VI: 
456, 460 
Rapidly involuting congenital hemangioma 
(RICH), fetal assessment, V2\ 
1604, 1607 
Real-time ("on-the-fly") bolus-tracking 

method, liver imaging protocol, 
VI: 20 
Receiver coil, pediatric MRI, V2. 1644-1645 
Recipient assessment, hepatic 

transplantation protocol, VI: 
287, 291-292 
Reconstructive surgery: 

bladder, V2. 1331, 1335-1336 
imperforate anus, VI: 821, 834 
Rectal cancer: 

adenocarcinoma, VI: 843, 848-850, 852, 
855-857 
bone metastases, VI: 858, 861-863 
bone metastases and sacral invasion, 

VI: 852, 861-863 
endorectal coil imaging, VI: 850, 857 
recurrent, VI: 850, 857-866 
bladder metastases from, V2. 1320, 

1323-1324 
carcinoid tumors, VI: 867-868 
MR imaging techniques, VI: 843, 848, 

850, 852-865 
penis and urethra metastases, V2. 

1376-1377 
vaginal metastases, V2: 1426-1427 
Rectoceles, female urethra, V2: 1408-1410 
Rectosigmoid colon: 

adenocarcinoma, VI: 843, 848 
fibrosis and, VI: 852, 861-863 
recurrence rates, VI: 850, 857-860 
bladder metastases from, V2-. 1320, 

1323-1324 
lymphoma, VI: 860, 867 
Rectourethral fistulas, V2. 1408 
Rectovaginal fistula, V2. 1421, 1426, 

1429-1430 
Rectum: 

anorectal anomalies, VI: 827, 831, 

833-834 
cloacal repair, VI: 827, 833 
metastases to: 

cervical cancer, V2: 1492-1495 
gastrointestinal stromal tumors, VI: 

860, 866 
vaginal carcinoma, V2\ 1416, 1423 



MR imaging techniques, VI: 824, 827 
normal anatomy, VI: 824, 827, 831 
perforation and abscess, VI: 874, 886 
postsurgical infection, VI: 892, 894-895 
varices, VI: 838 
Recurrent malignant disease imaging, 

echo-train spin-echo sequences, 
VI: 6-1 
Recurrent pyogenic cholangitis, MR 

imaging, VI: 502, 507 
Redundant sequences, MR imaging 

strategies and, VI: 16-24 
Reflux nephropathy, V2. 1126, 1128, 1130 
Regenerative nodules (RNs), cirrhosis, VI: 
333-334, 339-345 
iron-containing, VI: 334, 340, 344-346 
Reidel lobe, MR imaging, VI: 58-60 
Relaxation times, 3T MR imaging, VI: 32-36 
Reliability issues, parallel MR imaging, VI: 

29, 31 
Remote table motion, MR imaging 

strategies, VI: 20 
Renal adenomas, V2: 1068 
Renal agenesis, fetal assessment, V2. 1613 
Renal arterial disease, V2. 1128-1129, 
1131-1133 
abdominal aortic aneurysm, V2: 

1201-1207 
renal transplants, V2. 1177, 1182-1183 
Renal blood flow evaluation, V2. 1173 
Renal calculi, V2. 1159, 1166-1167 
Renal cell carcinoma (RCC): 

adrenal gland metastases, V2. 998-1002 
autosomal dominant polycystic kidney 

disease and, V2. 1098, 1101 
bilateral cancer, V2. 1088, 1093 
chronic renal failure, V2: 1098-1101 
cystic changes with, V2. 1088, 1090-1092 
cystic disease, differential diagnosis, V2: 

1052, 1061-1062 
granulocytic sarcoma (chloroma), 

differential diagnosis, V2: 1109, 

1111 
hemorrhage, V2. 1088-1094 

chronic renal failure, V2. 1098-1101 
hypervascular tumors, V2: 1084, 1086 
imaging protocol for, VI: 16, 19-20 
infiltrative, V2. 1088, 1095 
metastases, pancreas, VI: 619, 625 
MR imaging, V2. 1098, 1102 
radiofrequency ablation, V2. 1088-1089, 

1095-1096 
recurrence, V2. 1089, 1096-1097 
renal cysts, differential diagnosis, V2: 

1053, 1098 

renal transplants, V2. 1177, 1181, 1184 

staging, V2. 1073-1095 
stage 1, V2. 1015-1011 
stage 2, V2 1076, 1078, 1087-1089 
stage 3a, V2. 1076-1077, 1079-1081 
stage 3b, V2. 1077, 1081 
stage 3c, V2. 1082-1083 
stage 4, V2. 1082, 1084-1085 

subtraction image, V2. 1037, 1040 

von Hippel-Lindau syndrome, VI: 
549-550 
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Renal collecting system: 

dilation, V2. 1164, 1169-1172 
filling defects, V2. 1159, 1166-1169 
Renal cortical infarcts, V2: 1137, 1143-1144 
Renal ectopia. See Ectopic kidney 
Renal filling defects, V2: 1159, 1166-1169 
Renal function: 

imaging studies, V2: 1173-1177 
nephrogenic systemic fibrosis, V2: 1781 
renal parenchymal disease, V2. 1112, 
1116-1117 
Renal parenchyma: 

acute obstruction, paroxysmal changes, 

V2. 1121, 1127-1130 
arterial disease, V2. 1127, 1129, 

1131-1143 
diffuse disease, V2. 1112-1124 
acute tubular necrosis, V2. 1120, 

1122 
glomerular disease, V2. 1117-1120 
renal function decline, V2. 1112, 

1116-1117 
tubular blockage, V2. 1120, 

1123-1124 
tubulointerstitial disease, V2. 
1120-1121 
iron deposition, V2. 1121, 1124-1127 
lesions, pattern recognition, V2: 1031, 

1037 
obstruction, V2. 1121, 1125-1126, 

1128-1129, 1170-1172 
reflux nephropathy and chronic 

pyelonephritis, F2: 1126, 1128, 
1130 
renal arterial disease, V2: 1128-1129, 

1131-1144 
renal scarring, V2: 1128, 1138, 

1145-1146 
renal vein aneurysm, V2. 1138 
renal vein thrombosis, V2: 1137, 1144 
Renal pelvis and ureter: 

calyceal diverticulum, V2: 1164, 1172 
collecting system dilatation, V2: 1164, 

1169-1172 
filling defects, V2. 1159, 1166-1169 
lymphoma, V2: 1159 
metastases to, V2: 1159 
squamous cell carcinoma, V2. 1159, 

1165 
urothelial carcinoma, V2: 1155, 
1159-1165 
Renal vein: 

congenital anomalies, V2: 1223, 

1228-1230 
thrombosis, V2. 1151-115%, 1144 

inferior vena cava thrombus and, V2: 

1232-1237 
nephrotic syndrome, V2: 1117, 1120 
Rendu-Osler- Weber syndrome, hepatic 
arteriovenous fistulas, VI: 
388-392 
Repetition time (TR): 

3T MR imaging, VI: 32-36 
small intestine imaging, VI: 1 61-110 
Resovist, iron-based contrast agent, V2: 
1778-1779 



Respiration artifacts: 

abdominal-pelvic MRI, fast scanning and 

avoidance of, VI: 1-2 
magnetic resonance 

cholangiopancreatography, VI: 
460 
Reticuloendothelial system (RES): 
iron-based contrast agents, V2: 

1777-1779 
MRI contrast agent targeting, VI: 50-58 
spleen imaging, VI: 678-681 
Retractile mesenteritis, V2-. 946, 950 
Retroperitoneum: 
benign masses: 

extramedullary hematopoiesis, V2: 

1249, 1251 
fibrosis, V2: 1240, 1242-1244 
lymphadenopathy, V2: 1247-1250 
adrenal glands, V2. 1017, 1019 
retroperitoneal neoplasms, V2: 1240, 
1245-1247 
bladder cancer metastases, transitional 

cell carcinoma, V2. 1308-1316 
body wall: 

benign neoplasms, V2: 1274, 

1281-1283 
hernias, hematoms, and other lesions, 

V2: 1214, 1290-1293 
malignant neoplasms, V2: 1214, 
1284-1290 
malignant masses: 

carcinoma, V2: 1265-1266 
embryonal rhabdomyosarcoma, V2: 

1265, 1271-1272 
hemangiopericytoma, V2: 1265, 1271, 

1273 
leiomyosarcomas, V2: 1265-1270 
liposarcoma, V2: 1265, 1271 
lymphadenopathy, V2. 1258-1263 
adrenal glands, V2. 1017, 1019 
lymphoma, V2. 1253-1257 
retroperitoneal fibrosis, V2: 1249, 

1252-1253 
testicular cancer, V2. 1258, 1263-1265 
MR imaging technique, V2. 1193-1194 
normal anatomy, V2: 1193 
pediatric imaging, V2: 1650 
psoas muscle, V2. 1271, 1273-1280 
vessel imaging: 

aorta, V2. 1200-1227 

aortic aneurysm, V2: 1200-1207 
aortic dissection, V2: 1201, 

1208-1212 
aortoiliac atherosclerotic disease/ 
thrombosis, V2: 1204, 1207, 
1214-1223 
penetrating ulcers/intramural 

dissecting hematoma, V2: 1201, 
1204, 1213 
postoperative graft evaluation, 
V2. 1207, 1214, 1216, 
1224-1227 
inferior vena cava, V2: 1216, 1223, 
1229 
congenital anomalies, V2: 1223, 
1229-1230 



primary malignant tumors, V2: 

1237-1241 
venous thrombosis, V2: 1229-1237 
magnetic resonance angiography, V2: 
1194-1200 
Rhabdomyosarcoma : 

bladder cancer, V2: 1316 

embryonal, retroperitoneal imaging, V2: 

1266, 1272 
prostate cancer, V2: 1352, 1355 
vulvar malignancies, V2: 1421, 1423 
Rhomboencephalosynapsis, fetal 

assessment, V2. 1593-1597 
Ring enhancement imaging: 

colon adenocarcinoma, VI: 843, 845 
colon melanoma, VI: 867, 869 
hepatosplenic candidiasis, VI: 433, 

436 
liver metastases: 

breast cancer, VI: 162, 171 
gastrinomas, VI: 164, 180 
hepatocellular carcinoma, VI: 202, 

232-233 
lesional/perilesional enhancement, VI: 
147-150 
ovaries, endometriomas, V2: 1506, 

1509-1512 
pancreas: 

insulinomas, VI: 601, 603 
metastases to, VI: 625, 630-631 
pancreatic islet cell tumors, VI: 593 
Robson's renal cell carcinoma 

classification, V2. 1073-1095 
Rokitansky-Aschoff sinuses: 

gallbladder adenomyomatosis, VI: 480, 

484 
xanthogranulomatous cholecystitis, VI: 
477 

Sacral invasion, rectal adenocarcinoma, VI: 

852, 861-863 
Saddlebag urethral diverticulum, V2: 1405, 

1407 
Safety issues: 

3T MR imaging, VI: 33 
gadolinium-based contrast agents, V2: 

1779-1786 
MRI in pregnancy, V2: 1559-1561 
whole body MR imaging, VI: 41-42 
Sagittal-plane imaging: 
bladder: 

fistulas, V2: 1331-1335 
metastatic neoplasms, V2: 1320-1324 
breast MRI, V2. 1693-1694 
female urethra, malignant masses, V2: 

1403-1404 
renal cell carcinoma: 
stage 3a, V2. 1076-1077, 

1079-1081 
stage 4, V2. 1082, 1084-1085 
vaginal metastases, V2: 1421-1426 
"Sandwich sign," lymphatic dissemination, 
peritoneal metastases, V2-. 925, 
935 
Santorini ducts, pancreas divisum, VI: 
541-542 
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Sarcoidosis: 

liver imaging, VI: 414-416 
retroperitoneal benign lymphadenopathy, 

V2. 1249-1250 
spleen, VI: 711-713 
Sarcoma: 

body wall, V2: 1274, 1284-1290 
granulocytic, kidney, V2: 1109, 1111 
liver metastases, undifferentiated, VI: 

251, 256 
perirectal metaseses, V2: 121 A, 1287 
peritoneal metastases, V2. 918, 923-924, 

929-930 
prostate cancer, V2: 1352, 1356 
retroperitoneal, V2: 1265-1271 
uterine, V2. 1475, 1479-1481 
undifferentiated, V2. 1488-1491 
Sarcomatoid carcinoma, bladder, V2. 1316 
Saturation pulse, fat-suppressed echo-train 
spin-echo sequences, VI: 9-10 
Scan time reduction, gradient echo 

sequences, VI: 2-3 
Schistosoma haematobium, bladder calculi, 

V2 1305 
Schizencephaly, fetal assessment, V2: 

1595-1596 
Schwannoma: 

adrenal glands, V2: 1006 
gastric, VI: 740 

pancreatic cancer, VI: 594-597, 601 
Scleroderma: 

reflux esophagitis, VI: 730 
small intestine, VI: 809-810 
Sclerosing adenosis, breast changes, V2: 

1712, 1714, 1716 
Sclerosing cholangitis. See also Primary 
sclerosing cholangitis (PSC) 
MRCP imaging, VI: 493-494 
Sclerosing hemangiomas, spleen, VI: 688, 

693 
Sclerosing mesenteritis, V2: 946, 950 
Sclerosing stromal tumor, ovaries, V2: 

1525-1526 
Scrotum: 

benign masses, V2: 1388-1392 
congenital anomalies, V2: 1386 
hernia, V2. 1390 
MR imaging, V2: 1385 
normal anatomy, V2. 1383-1384 
Secondary infection, liver metastases, VI: 

180, 188, 191-192 
Secretin-enhanced magnetic resonance 
cholangiopancreatography 
(MRCP), chronic pancreatitis 
imaging, VI: 648-649, 652, 655 
Sedated patients: 

MRI imaging in, VI: 25-27 
pediatric patients: 

age categories, V2: 1645 

Tl -weighted imaging, V2: 1637, 

1639-1644 
technique, V2: 1646-1 647 
Semilobar holoprosoencephaly, fetal 

assessment, V2. 1589-1592 
Seminal vesicles: 

benign masses, V2: 1382 



congenital anomalities, V2: 1382, 1384 
hypoplasia, V2. 1344, 1348-1349 
malignant masses, V2. 1382, 1384-1385 
normal anatomy, V2: 1382-1384 
prostate cancer metastases, V2: 1344, 
1349, 1363-1365, ml384-1385 
hemorrhage, V2. 1368, 1370-1372 
Seminomas, testes lesions, V2: 1390-1396 
Sensitivity encoding (SENSE): 
parallel MR imaging, VI: 25, 29 
small intestine imaging, VI: 1 67-110 
Septated renal cysts, V2. 1042, 1047 
Septated vagina, V2. 1412, 1414-1415 

uterus didelphys, V2. 1441, 1444-1446 
Septate uterus, V2. 1441, 1444, 1447-1449 
Septo-optic dysplasia, fetal assessment, V2: 

1594, 1596 
Sequence technology, whole body 

imaging, VI: 40-42 
Serial MRI examination, VI: 24-25 

adrenal glands, V2: 964-968 
Serosal metastases: 

intraperitoneal seeding, V2: 923-924 
small bowel obstruction, VI: 119, 782, 
792 
Serous cystadenocarcinoma, VI: 612 
ovarian: 

malignant tumors, V2: 1533-1535 
metastases, V2. 1504-1505, 1533, 
1535-1536 
Serous cystadenoma: 

benign ovarian neoplasms, V2: 

1518-1523 
MR imaging, VI: 606-607, 609-612 
Serpiginous (arciform) enhancement, 

spleen, VI: 678-681 
Serratia spp., prostate infection, V2: 

1373-1374 
Sertoli-Leydig cell tumors, malignant 

ovarian neoplasms, V2: 1540, 
1542, 1545-1547 
Serum creatinine levels, renal function 

and, V2: 1112, 1116-1117 
Sex cord-stromal tumors: 

benign ovarian neoplasms, V2: 1525-1526 
malignant ovarian neoplasms, V2: 1540, 
1542, 1545-1547 
Sexual differentiaton disorders: 

testicular feminization, V2: 1415, 1448 
uterine anomalies, V2: 1448 
Short-tau inversion recovery (STIR): 

breast, silicone implants, V2: 1757-1759 
breast imaging, V2: 1694-1695 

cysts, V2 1701-1703 
cavernous hemangioma, V2: 1416, 1420 
fat-suppressed echo-train spin-echo 
sequences, VI: 7-10 
hepatic cysts, VI: 60, 63 
liver imaging: 

hemangiomas, VI: 88, 97-99 
hepatic cysts, VI: 60, 63 
mycobacterium avium intracellular, 
VI: 433-435 
pancreatic adenocarcinoma imaging, VI: 

573 
retroperitoneal lymphoma, V2: 1253-1257 



spleen, VI: 678-681 
Sickle cell disease: 

hepatic iron overload, VI: 368, 370, 

374-375 
iron deposition, renal parenchyma, V2: 

1121, 1124-1126 
spleen imaging, VI: 683, 687 
Siderosis, transfusional, liver imaging, VI: 

56^515 
Sigmoid colon: 

adenocarcinoma, VI: 843, 846-848, 852 
lipoma, VI: 832 
Signal intensity index: 
adrenal gland imaging: 

adenomas, drop in, V2: 971, 974, 

982-984 
hemangiomas, V2. 993-994 
metastases, V2. 994-1002 
pheochromocytoma, V2: 1005-1111 
breast MRI interpretation guidelines, V2: 

1696-1700 
vessel imaging, VI: 14 
Signal-to-noise ratio (SNR): 

3T imaging, uterus and cervix, V2: 1434 
3T MR imaging vs. 1.5T, VI: 31-36 
breast MRI, V2. 1692-1693 

coil systems, V2: 1693 
liver imaging techniques, VI: 46-50 
male pelvis imaging, V2: 1343-1344 
pancreatic imaging, VI: 536 
parallel MR imaging, VI: 29 
pediatric patient imaging: 
receiver coil, V2: 1644-1645 
spin-echo sequence, V2: 1637 
prostate cancer, adenocarcinoma, V2: 
1352, 1356-1373 
Signal-void air, large intestinal abscess 

imaging, VI: 881-886 
Silicone breast implants, V2: 1754-1759 

rupture, V2. 1687-1689, 1755-1757 
Simultaneous acquisition of spatial 

harmonics (SMASH), parallel 
MR imaging, VI: 25, 29-31 
Single-shot echo-train spin-echo (SS-ETSE) 
sequences: 
abdominal-pelvic imaging, VI: 6-8 
abdominal wall hernia, V2. 904, 908-909 
bile duct abnormalities, MRCP imaging, 

VI: 489, 493, 497 
colon cancer, VI: 843-865 
esophagus, VI: 726, 728 
female urethra, pelvic floor relaxation, 

V2. 1408-1410 
fetal assessment, V2: 1561 

amniotic band syndrome, V2: 1621 
cleft palate, V2. 1603-1607 
normal development, V2: 1583 
gastrointestinal tract, VI: 725 
gluten-sensitive enteropathy, VI: 799, 

807-809 
hypertrophic rugal folds, VI: 76l, 765 
kidney imaging, V2. 1025-1031 

filling defects, V2. 1159, 1166-1169 
multicystic dysplastic kidney, V2: 

1049, 1058 
pyonephrosis, V2: 1155-1156 
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Single-shot echo-train spin-echo (SS-ETSE) 
sequences: {Continued) 
large intestine: 

abscesses, VI: 883-886 
diverticulitis, Vh 869, 878-879 
mucocele, VI: 838, 841-842 
techniques, VI: 824 
liver imaging, VI: 46-48 

echinococcal disease, VI: 431-433 
hepatic cysts, solitary cysts, VI: 60-64 
Reidel lobe, differential diagnosis, VI: 

58-60 
unilocular cysts, VI: 60-63 
magnetic resonance 

cholangiopancreatography, VI: 
456-461 
noncooperative patients, VI: 25 
non-fat-suppressed vs. fat-suppressed 

images, VI: 35-37 
pancreatic imaging, VI: 536-539 
acute pancreatitis, VI: 625, 628, 
635-647 
pediatric patients, V2: 1644 
infants, V2: 1645 
older children, V2: 1645-1 646 
peritoneal metastases, intraperitoneal 

seeding, V2: 918-924 
pleural disease imaging, V2: 1666, 

1671-1672 
in pregnancy, maternal imaging: 
bowel obstruction, V2: 1564 
conjoined twins, V2: 1623-1624 
renal calculi, V2: 1159, 1166-1169 
retroperitoneum : 

lymphoma, V2. 1253-1257 
primary neoplasms, V2: 1271 
serial MRI examination, VI: 24—28 
small intestine: 

intussusception, VI: 816, 825-826 
ischemia and hemorrhage, VI: 81 6, 
819-823 
small intestine imaging, VI: 1 61-110 
adenocarcinoma, VI: 111, 781-782 
choledochocele, VI: 115-116 
Crohn disease, VI: 785, 791, 793-805 
intestinal atresia and stenosis, VI: 110, 
114 
stomach, VI: 154-156 

duodenal diverticulum, VI: 770, 

772-774 
postoperative evaluation, VI: 76l, 766 
uterine-cervical MRI, V2: 1434 
Sjogren syndrome, autoimmune 
pancreatitis, VI: 664 
Skene glands, urethrovaginal fistulas, V2: 

1408 
"Skip lesions," Crohn disease, VI: 785, 

791, 797-799 
Slice-selective inversion pulse, 

magnetization-prepared 
rapid-acquisition gradient echo 
sequences, VI: 5-6 
Sliding hernia, V2: 904, 906-907 
Slow enhancement techniques, liver 
hemangiomas, VI: 88, 90, 
95-96 



Small bowel. See Small intestine 
Small cell carcinoma: 

kidney, V2. 1109, 1111-1113 
liver metastases, undifferentiated tumors, 
VI: 164, 177-179 
Small intestine: 
benign lesions: 

leiomyomas, VI: 115, 780 
lipomas, VI: 775 
neurofibromas, VI: 775, 779 
polyps, VI: 775, 777-778 
varices, VI: 775, 781 
congenital lesions, VI: 110-116 
atresia and stenosis, VI: 770, 774 
choledochocele, VI: 115-116 
duodenal diverticulum, VI: 770, 

772-774 
Meckel diverticulum, VI: 770, 774 
rotational abnormalities, VI: 770-771 
fetal assessment, V2: 1615 
inflammatory, infectious, and diffuse 
disease: 
Crohn disease, VI: 784-785, 791, 

793-805 
drug toxicity, VI: 810, 817 
eosinophilic gastroenteritis, VI: 809 
fistula, VI: 810-813, 812-813 
gluten-sensitive enteropathy, VI: 799, 

807-809 
graft- versus-host disease, VI: 816-817, 

828-829 
hernia, VI: 816, 827 
hypoproteinemia, VI: 816, 824 
infectious enteritis, VI: 810, 813-814 
inflammatory bowel disease, VI: 782, 

784 
intussusception, VI: 816, 825-826 
ischemia and hemorrhage, VI: 81 6, 

819-823 
pancreatitis, VI: 810, 815 
pouchitis, VI: 810 
radiation enteritis, VI: 815-816, 818 
scleroderma, VI: 809-810 
ulcerative colitis, VI: 1%, 799, 806 
leiomyosarcoma, hypervascular liver 

metastases, VI: l6l, 163 
malignant masses: 

adenocarcinomas, VI: 111 , 781-782 
carcinoid tumors, VI: 779, 790-791 
gastrointestinal stromal tumor, VI: 

111, 119, 783-785 
lymphoma, VI: 779, 786-791 
metastases to, VI: 779, 782, 791-793 
MR imaging, VI: 1 61-110 

follow- through and enteroclysis, VI: 

161-110 
oral contrast agents, VI: 20 
normal anatomy, VI: 765, 767 
polyps, VI: 775, 777-778 
Small-vessel disease, renal artery, V2: 
1136-1141 
renal transplants, V2: 1182, 1184 
Solid epithelial neoplasm, pancreas, VI: 

619, 622-623 
Somatostatinoma, MR imaging, VI: 601, 
604-605 



Specific absorption rate (SAR): 

echo-train spin-echo sequences, VI: 1 
MRI in pregnancy, V2: 1559-1561 
single-shot echo-train spin-echo 
sequences, VI: 56 
Spectral (fat)-selective adiabatic inversion 
pulses (SPAIR), T2-weighted 
imaging, VI: 9-10 
Spermatocele, testes, scrotum and 

epididymis, V2. 1388, 1390 
Sphincter of Oddi: 

abnormalities, MRCP imaging, VI: 489, 

493, 497 
pancreatic anatomy, VI: 556 
Spigelian hernia, abdominal wall imaging, 

V2. 904, 909 
Spin-echo sequence, pediatric patients, V2: 

1637 
Spiral computed tomography (CT): 
liver imaging: 

hemangiomas, VI: 88, 101-102 
metastases imaging: 

coexistent cysts, VI: 190 
MR imaging vs., VI: 128, 142-147 
pancreas, pancreatic adenocarcinoma, 
VI: 552-553, 558-559, 
564-565 
peritoneal metastases, intraperitoneal 

seeding, V2. 918 
renal filling defects, V2. 1159, 1166-1169 
Spleen: 

accessory and wandering spleens, VI: 

681-685 
asplenia, VI: 681, 685 
benign mass lesions: 
cysts, VI: 683, 687-690 
hamartomas, VI: 690, 693, 695-697 
hemangiomas, VI: 687-688, 691-693 
littoral cell angioma, VI: 688, 694 
lymphangiomas, VI: 693 
pattern recognition, VI: 688 
Gamna-Gandy bodies, VI: 111, 714 
Gaucher disease, VI: 683 
genetic hemochromatosis and, VI: 354 
infarcts, VI: 719-722, V2. 1121 
infectious disease, VI: 709-711 
malignant masses: 

lymphoma/hematologic malignancies, 

VI: 693-694, 698-703 
metastases to, VI: 701, 703-706 
angiosarcoma, VI: 704, 706 
direct tumor invasion, VI: 704-705 
metastases to: 

colonic lymphoma, VI: 860, 867 
glucagonoma/somatostatinoma, VI: 

601, 604-605 
imaging studies, VI: 701, 703-706 
islet cell tumors, VI: 601, 604-606 
MR imaging technique, VI: 678-681 
normal anatomy, VI: 677-678 
pediatric imaging, V2: 1650 
polysplenia, VI: 681, 683, 686 
portal and splenic thrombosis, VI: 388, 

391, 394-395 
sarcoidosis, VI: 711-713 
sickle disease, VI: 683, 687 
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splenomegaly and vascular pathologies, 

VI: 706-709 
subscapular fluid collection, VI: 715, 

717 
trauma, VI: 715-716 
Splenic artery aneurysm, splenomegaly 

and, VI: 706-709 
Splenic vein: 

pancreatic anatomy, VI: 535 

spleen, normal anatomy, VI: 677-678 

thrombosis: 

esophageal varices, VI: 727, 729 
gastric varices, VI: 738, 742 
pancreatic adenocarcinoma, VI: 575, 

579 
splenomegaly and, VI: 706-709 
Splenic vein-only hepatic arterial phase 
(SVHADP), gadolinium-based 
contrast agent, V2: 1774-1777 
Splenomegaly: 

chronic lymphocytic leukemia (CLL), VI: 

700 
lymphoma metastases, VI: 694, 699-703 
pathology, VI: 706-709 
Splenorenal shunt, splenomegaly, VI: 

706-709 
Splenosis, VI: 715, 717-719 
Splenules, MR imaging, VI: 681, 684-685 
iron-based contrast agents, differential 
diagnosis, V2: 1778-1779 
Spoiled gradient echo (SGE) sequences: 
abdominal-pelvic imaging, VI: 3-4 
adnexa, V2: 1499-1500 
adrenal glands, V2: 963-968 
appendicitis diagnostic imaging, VI: 874, 

879-881 
bladder, transitional cell carcinoma, V2: 

1308-1316 
chronic pancreatitis imaging, VI: 

656^65 
esophageal imaging, esophageal varices, 

VI: 727, 729 
esophagus, malignant masses, VI: 

729-731 
gadolinium-enhanced Tl -weighted 
images, hepatic arterial 
dominant (capillary) phase, VI: 
11-13 
image parameters, VI: 3 
large intestine: 

abscesses, VI: 881-886 

colonic adenomatous polyps, VI: 832, 

835-838 
diverticulitis, VI: 869, 874-879 
infectious colitis, VI: 888 
liver imaging techniques, VI: 46-50 
autoimmune hepatitis, VI: 312-314 
colon cancer metastases, VI: 149, 

154-155 
computed tomography vs., VI: 128, 

141-144 
contrast agents, VI: 52-58 
diaphragmatic insertion, VI: 58, 60 
focal nodular hyperplasia, VI: 121, 

123-125, 127-128 
hepatic cysts, solitary cysts, VI: 60-64 



hepatocellular carcinoma, VI: 

192-198, 213-217 
hypervascular metastases, VI: 149, 

157-158 
hypovascular metastases, VI: 149, 

153 
metastases characterization, VI: 128, 

137-143 
Reidel lobe, differential diagnosis, VI: 

58-60 
squamous cell carcinoma metastases, 

VI: 162, 165-171 
unilocular cysts, VI: 60-66 
viral hepatitis, VI: 321-322 
male pelvis, V2. 1343-1344 
noncooperative patients, VI: 25 
out-of-phase (opposed-phase) spoiled 
gradient echo sequences, VI: 
4-5 
pancreatic imaging, VI: 536-541 

pancreatic adenocarcinoma, VI: 552, 
554-556, 572, 574-575 
psoas muscle metastases, V2: 1273, 

1275 
rectal adenocarcinoma, VI: 848-850 
renal cell carcinoma, V2: 1073-1095 
retroperitoneum, V2: 1193-1194 
fibrosis, benign vs. malignant, V2: 

1240, 1242-1244 
malignant metastatic 

lymphadenopathy, V2: 
1258-1263 
small intestine, VI: 767-770 

gastrointestinal stromal tumor, VI: 

779, 783-785 
metastases to, VI: 782, 791-792 
polyps, VI: 775, 777-778 
varices, VI: 775, 781 
spleen, VI: 678-681 

hamartomas, VI: 693, 695-697 
lymphoma metastases, VI: 694, 

699-703 
splenic metastases, VI: 701, 703-706 
stomach, gastric adenocarcinoma, VI: 

743 
three-dimensional imaging quality 

improvements, VI: \6 
TR/TE/flip angle variations, VI: 23-24 
vessel imaging: 

aorta, V2. 1200-1227 

abdominal aortic aneurysm, V2: 

1201-1207 
aortic dissection, V2: 1201, 

1208-1212 
aortoiliac atherosclerotic disease/ 
thrombosis, V2: 1204, 1207, 
1214-1223 
inferior vena cava, V2: 1216, 1223, 

1229 
inferior vena cava thrombus, V2: 
1229-1237 
"Spoke wheel" pattern, renal oncocytomas, 

V2: 1068, 1072 
Squamous cell carcinoma: 
anal canal, VI: 860, 866 
bladder cancer, V2. 1316-1318 



esophagus, VI: 729-731 

lung cancer, liver metastases, VI: 162, 

175-176 
prostate cancer, V2: 1352, 1355 
renal pelvis and ureter, V2: 1159, 1165 
vaginal malignancies, V2: 141 6, 

1420-1426 
vulva, V2: 1421, 1427 
"Stained glass" lesions, mucinous 

cystadenocarcinoma, ovarian 
malignancy, V2: 1533, 
1536-1537 
Steatosis. See Fatty liver 
Stenosis: 

ampullary (bile duct), VI: 489 

gadolinium-based contrast agent, V2: 
1771-1773 
aqueductal, fetal assessment, V2: 

1585-1592 
bronchial, fetal assessment, V2: 

1611-1612 
cervical, endometriosis and, V2: 1506, 

1510 
iliac arteries, V2. 1204, 1207, 1216-1218 
intestinal, VI: 770, 774 
pancreatic duct, VI: 665, 668-671 
renal artery disease, V2: 1131-1132 
renal transplants, V2: 1178, 1183-1184 
Stomach: 

benign masses: 

bezoar, VI: 738, 742 

gastric polyps, VI: 736, 739-740 

leiomyomas, VI: 736 

neurogenic tumors and lipomas, VI: 

736, 738, 740-742 
varices, VI: 738, 742 
congenital lesions, VI: 736 
diverticula, VI: 736-738 
gastric duplication cysts, VI: 736 
heterotopias, VI: 736 
fetal assessment, V2: 1615 
infectious disease, VI: 761-764 
inflammatory disease, VI: 761-764 
malignant masses: 

adenocarcinoma, VI: 738, 741, 
743-751 
Peutz-Jeghers syndrome, VI: 832 
carcinoids, VI: 756, 759 
carcinomas, VI: 741 
gastrointestional stromal tumor, VI: 

743, 748, 752-758 
Kaposi sarcoma, VI: 748, 756 
lymphoma, VI: 756, 758 
TNM staging, VI: 742 
metastases to, VI: 741, 759-760 
MR imaging technique, VI: 734-736 
normal anatomy, VI: 734-735 
postoperative conditions, VI: 76l, 766 
Streak gonads: 

ovarian anomalies, V2: 1503 
vaginal anomalies, V2: 1415 
Streptococcal infection, pyogenic hepatic 

abscess, VI: 418, 427 
Stricture: 

biliary tree, VI: 292, 299 
female urethra, V2: 1407 
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Strongoloides stercoralis, infectious 

enteritis, differential diagnosis, 
VI: 810, 813-814 
Struma ovarii, benign ovarian neoplasms, 

V2-. 1521, 1528-1529 
Subcapsular line sign, breast implant 

imaging, V2. 1759 
Subchorionic hematoma, in pregnancy, V2. 

1559-1560 
Subependymal heterotopia, fetal 
assessment, V2: 1595 
Subglandular breast implants, V2: 

1754-1759 
Submucosal hemorrhage, small intestine, 

VI: 816, 822-823 
Submucosal imaging, ulcerative colitis, VI: 

867-868, 870 
Submucosal leiomyomas, uterine, V2: 

1449, 1451-1469 
Submuscular breast implants, V2: 

1754-1759 
Subscapular fluid collections, splenic 

trauma, VI: 715-717 
Subtraction imaging, renal cysts, V2: 1037, 

1040 
Superior mesenteric artery: 

aortic dissection into, V2: 1201, 1212 
chronic pancreatitis imaging, VI: 

648-665 
pancreatic adenocarcinoma involvement, 

VI: 575, 577-578 
vascular graft, branch vessel, V2-. 1214, 
1216, 1227 
Superior mesenteric vein, thrombosis, 
small intestine ischemia 
and hemorrhage, VI: 81 6, 
822 
Supernumerary scrotal testes, V2: 1386 
Superparamagnetic iron oxide particles 
(SPIO): 
characteristics, V2: 1777-1779 
liver imaging, reticuloendothelial system 

targeting, VI: 50, 54-58 
prostate cancer metastases, V2. 

1368-1373 
spleen imaging, VI: 678-681 

accessory/wandering spleens, VI: 

681-685 
lymphoma metastases, VI: 700 
splenic metastases, VI: 701, 703-706 
Surface coils: 

bladder imaging, V2: 1298-1299 
colon cancer imaging, VI: 848 
whole body imaging, VI: 40-42 
Surgical sponge retention, intraperitoneal, 

V2: 945-947 
Susceptibility artifact, 3T MR imaging, VI: 
31-32 

Tl-relaxivity agents, vessel imaging, V2: 

1197-1200 
Tl -weighted imaging: 

abdominal-pelvic disease, VI: 2-6 
fat-suppressed gradient echo 

sequences, VI: 4 
gradient echo sequences, VI: 3-4 



magnetization -prepared 

rapid-acquisition gradient echo 
sequences, VI: 5-6 
out-of-phase gradient echo sqeuences, 
VI: 4-5 
adnexa, V2: 1499-1500 
adrenal glands: 

adrenal cortical carcinoma, V2: 998, 

1002-1006 
metastases, V2: 994-1002 
myelolipoma, V2. 979-980, 988-990 
neuroblastoma, V2: 1013-1017 
pheochromocytoma, V2. 1005-1111 
techniques, V2. 963-968 
aortic dissection, V2: 1201, 1208-1212 
aortic grafts, V2: 1214, 1216, 1224-1227 
bile duct: 

ampullary fibrosis, VI: 489, 495-496 
cholangiocarcinoma, VI: 517-518, 

521-526 
infectious cholangitis, VI: 502-507 
primary sclerosing cholangitis, VI: 
499-502 
bile duct and parenchymal lesions, VI: 

460-461 
bladder, V2. 1298 

congenital anomalies, V2. 1299-1301 
hemorrhagic cystitis, V2: 1326, 1329 
leiomyomas, V2. 1300, 1302-1303 
metastatic neoplasms, V2: 1320-1324 
neurofibromas, V2. 1304-1305 
squamous cell carcinoma, V2: 

1317-1319 
transitional cell carcinoma, V2. 
1307-1316 
breast: 

cysts, V2: 1701-1703 
fat necrosis, V2: 1749 
breast cancer: 

invasive ductal carcinoma, V2: 

1723-1727 
melanoma metastases, V2: 1743-1744 
cervix, V2. 1434 
colon cancer: 

melanoma, VI: 867, 869 
rectosigmoid carcinoma, VI: 850, 
857-860 
disease conspicuity and, VI: 1-2 
esophagus, VI: 726, 728 

leiomyomas, VI: 726-728 
female urethra: 

diverticulum, V2: 1405-1407 
malignant masses, V2: 1403-1404 
normal anatomy, V2. 1401-1403 
fetal assessment: 

abdomen and pelvis, V2: 1583-1585 
brain imaging, V2. 1578-1583 
congenital hemangiomas, V2: 1604, 

1607 
destructive lesions, V2: 1598-1601 
head and neck, V2. 1583 
gadolinium-enhanced images, VI: 10-13 
hepatic arterial dominant (capillary) 

phase, VI: 10-13 
hepatic venous (interstitial) phase, VI: 
11 



portal venous/early hepatic venous 

phase, VI: 11 
gallbladder, VI: 460, 463 

acute cholecystitis, VI: 469-475 
carcinoma, VI: 481, 485-486 
gallstone disease, VI: 464-465, 

467-469 
hemorrhagic cholecystitis, VI: 475-477 
polyps, VI: 480, 482-483 
iron-based contrast agents, V2. 

1111-1119 
kidneys: 

acquired cystic disease, 

hemodialysis-induced, V2: 

1052, 1061-1062 
angiomyolipomas, V2: 1063-1068 
cysts with thickened walls, V2: 1042, 

1049 
hemorrhagic/proteinaceous cysts, V2. 

1037, 1042-1044, 1046 
lymphocele, V2: 1182 
perinephric pseudocyst, V2. 1042, 

1044, 1050 
renal function assessment, V2: 1112, 

1116-1117 
small-cell carcinoma, V2: 1112-1113 
techniques, V2: 1025-1031 
trauma, V2: 1172-1174 
Wilms tumor, V2. 1103-1106 
large intestine: 

colonic fistulae, VI: 883, 887-888 
intraluminal contrast agents, VI: 892, 

895-897 
lipomas, VI: 832, 839-840 
mucocele, VI: 838, 841-842 
liver, VI: 46-50 

ablative therapies, VI: 278-287 

angiosarcoma, VI: 242, 249 

bile duct carcinoma, intrahepatic/ 

peripheral metastases, VI: 

239-240, 242, 247-249 
Budd-Chiari syndrome, hepatic venous 

thrombosis, VI: 398, 401-405 
carcinoid tumor metastases, VI: 164, 

183-185 
chemotherapy-related metaseases, VI: 

257, 264-270 
cirrhosis, VI: 333-362 

dysplastic nodules, VI: 340, 342, 

346-354 
regenerative nodules, VI: 333-334, 

339-345 
contrast agents, VI: 51-58 
echinococcal disease, VI: 431-433 
fatty liver, VI: 371, 373, 377-387 
fibrolamellar carcinoma, VI: 238-239 
focal nodular hyperplasia, VI: 121 
hepatocellular adenoma, differential 

diagnosis, VI: 111, 180 
fungal infection, VI: 437-438 
hemangiomas, VI: 73, 81, 83, 85, 87 
chronic liver disease, VI: 103-105 
hepatocellular carcinoma, 

differential diagnosis, VI: 106 
hepatic abscess, pyogenic, VI: 418, 

422-432 
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hepatic cysts: 

foregut hepatic cysts, VI: 60, 66-70 
solitary (nonparasitic), VI: 60-66 
hepatic transplantation, VI: 292, 299 
hepatocellular adenoma, VI: 107, 

109-113 
hepatocellular carcinoma, VI: 192, 

198, 202-214 
diffuse infiltrative, VI: 212, 227, 

234-238 
hypervascular metastases, VI: 151-162 
inflammatory myofibroblastic tumor, 

VI: 418-422 
lesional/perilesional enhancement, VI: 

147-150 
lymphomas, VI: 238, 240-245 
melanoma metastases, VI: 164, 

181-182 
mesothelioma, malignant, VI: 242, 

250-251 
metastases detection and 

characterization, VI: 128, 

137-143 
mucin-producing tumors, VI: 165, 

185-186 
multiple myeloma, VI: 238, 245-246 
pancreatic ductal adenocarcinoma 

metastases, VI: 162 
porta hepatis lymphadenopathy, VI: 

352, 354, 359, 362-365 
portal venous air, VI: 411, 413 
postradiation metastases, VI: 257, 

262-264 
primary biliary cirrhosis, VI: 314—315 
primary sclerosing cholangitis, VI: 

304, 306-311 
radiation-induced hepatitis, VI: 321, 

331 
resection, metastases following, VI: 

256-262 
squamous cell carcinoma metastases, 

VI: 162, 165-171 
T2 images vs., VI: 143-147 
techniques, VI: 46-50 
transcatheter arterial embolization, VI: 

268, 270-278 
transfusional iron overload, VI: 

368-373 
trauma, VI: 442 

undifferentiated sarcoma, VI: 251, 256 
magnetic resonance 

cholangiopancreatography, VI: 

460-461 
ovaries: 

benign neoplasms: 

epithelial origin, V2: 1518-1523 
germ cell tumors, V2: 1520-1521, 

1526-1529 
sex cord-stromal tumors, V2: 

1525-1526, 1529-1531 
cysts, functional cysts, V2: 1500, 

1504-1506 
endometriomas, V2: 1506 
functional cysts, V2. 1504-1506 
hydrosalpinx, V2: 1517 
lymphoma, V2. 1545, 1548-1549 



metastases to, V2. 1547, 1549-1550 
ovarian torsion, V2. 1510, 1514-1516 
pelvic inflammatory disease, V2: 1514, 

1516-1517 
polycystic ovarian syndrome, V2: 
1507, 1509, 1514 
pancreas, VI: 536-541 

acute pancreatitis, VI: 628, 636-647 
annular pancreas, VI: 542-544 
autoimmune pancreatitis, VI: 664, 

666 
chronic pancreatitis, VI: 648-665 
cystic fibrosis, VI: 545-548 
gastrinomas, VI: 591, 598-602 
insulinomas, VI: 601, 603 
islet-cell tumors, VI: 590-598 
metastases to, VI: 619, 625-631 
mucinous cystadenoma/ 

cystadenocarcinoma, VI: 
612-616 
pancreatic adenocarcinoma, VI: 552, 
554-558, 562-564, 570, 572, 
574-575, 577-587 
liver metastases, VI: 580, 584-587 
lymph node metastases, VI: 580, 
584 
primary hemochromatosis, VI: 546, 

548-549 
serous cystadenoma, VI: 607, 611-612 
pediatric patients, V2. 1637, 1639-1646 
pelvic varices, V2: 1517-1518 
penis and urethra: 

inflammatory disease, V2. 1380-1381 
metastases, V2. 1516-1311 
normal anatomy, V2: 1375-1376 
primary tumors, V2: 1377-1380 
peritoneum: 

ascites, V2. 936, 940-942 
intraperitoneal blood, V2: 936, 
943-944 
in pregnancy, V2: 1561 

cervical fibroids, V2. 1569, 1573 
fetal weight and amniotic fluid, V2: 

1622-1623 
postpartum uterus, V2: 1575-1580 
prostate cancer, V2. 1352, 1356-1373 

adenocarcinoma, V2: 1352, 1356-1373 
prostate gland: 

benign prostatic hyperplasia, V2: 

1349-1354 
inflammation and infection, V2: 

1373-1374 
normal anatomy, V2: 1344-1346 
trauma, V2: 1374-1375 
rectum, VI: 827, 831 
renal cell carcinoma, V2: 1084, 1086 
retroperitoneum: 

benign lymphadenopathy, V2: 

1247-1250 
primary neoplasms, V2: 1265-1271 
seminal vesicles: 

cysts, V2: 1382, 1384 
diffuse disease, V2. 1382-1383, 1385 
normal anatomy, V2: 1382-1834 
small intestine, VI: 1 61-110 
carcinoids, VI: 119, 790-791 



spleen, VI: 678-681 
cysts, VI: 683, 687-690 
hamartomas, VI: 690, 693, 695-697 
hemangiomas, VI: 687-688, 691-693 
littoral cell angioma, VI: 688, 694 
lymphomas, VI: 695-694, 699-703 

stomach, VI: 734 
carcinoids, VI: 759 
gastric adenocarcinoma, VI: 738 

T3-weighted imaging vs., VI: 32-36 

testes, scrotum and epididymis, V2: 
1385 
benign neoplasms, V2: 1386, 

1388-1390 
cryptorchidism, V2. 1386-1388 
infectious disease, V2: 1397-1398 
malignant tumors, V2: 1392-1396 
testicular prostheses, V2: 1386 
trauma, V2. 1397 

uterus, V2. 1434 

endometrial carcinoma, V2: 1471-1481 
endometrial hyperplasia/polyps, V2: 

1449-1450 
leiomyomas, V2: 1452-1469 
uterine corpus, V2: 1434-1436 

vagina, V2: 1409-1410 

Bartholin glands cysts, V2. 1416-1418 
Gartner duct cyst, V2: 1416, 

1418-1419 
radiation effects, V2. 1421, 1428 
vaginal malignancies, V2: 1420-1426 

vessel imaging, V2. 1194-1200 

inferior vena cava malignancies, V2: 
1237-1241 
T2-weighted imaging: 

3T MR imaging, VI: 33-36 

abdominal-pelvic disease, VI: 6-10 

adnexa, V2. 1499-1500 

adrenal glands, V2. 964-968 

adrenal cortical carcinoma, V2: 998, 

1002-1006 
metastases, V2. 994-1002 
myelolipoma, V2. 979-980, 988-990 
neuroblastoma, V2. 1013-1017 
pheochromocytoma, V2: 1005-1111 

ambiguous genitalia, V2: 141 5-1416 

aortic grafts, V2. 1214, 1216, 1224-1227 

bile duct: 

ampullary fibrosis, VI: 489, 495-496 
cholangiocarcinoma, VI: 517-518, 

521-526 
infectious cholangitis, VI: 502-507 

bile ducts, primary sclerosing 

cholangitis, VI: 499-502 

biliary system, gadolinium-based contrast 
agents, V2. 1111 

bladder, V2. 1298 

congenital anomalies, V2: 1299-1301 
cystitis, V2: 1326-1328 
hemorrhagic cystitis, V2: 1326, 1329 
hypertrophic bladder, V2. 1324-1325 
leiomyomas, V2. 1300, 1302-1303 
metastatic neoplasms, V2: 1320-1324 
neurofibromas, V2. 1304-1305 
transitional cell carcinoma, V2: 
1307-1316 
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T2-weighted imaging: {Continued) 

breast: 

cysts, V2-. 1701-1703 
fibroadenomas, V2. 1703-1706 
phyllodes tumor, V2. 1706-1707 
protocol, V2-. 1694-1695 
silicone implants, V2: 1688-1 689, 
1757-1759 

breast cancer: 

invasive ductal carcinoma, V2. 

1723-1727 
melanoma metastases, V2: 1743-1744 

cervical cancer, V2. 1483-1488 

cervix, V2. 1434 

chest, V2. 1653-1654 

pleural disease, V2. 1666, 1671-1672 

colon cancer, VI: 843-865 

disease conspicuity and, VI: 1-2 

echo-train spin-echo sequences, VI: 6-7 

esophagus, VI: 726, 728 
leiomyomas, VI: 726-728 

fat-suppressed echo-train spin-echo 
sequences, VI: 7-10 

female urethra: 

diverticulum, V2: 1405-1407 
malignant masses, V2: 1403-1404 
normal anatomy, V2: 1401-1403 
pelvic floor relaxation, V2: 1408-1410 

fetal assessment: 

abdomen and pelvis, V2: 1583-1585 
central nervous system, V2: 1578-1583 
congenital hemangiomas, V2: 1604, 

1607 
destructive lesions, V2: 1598-1601 
head and neck, V2: 1583 
kidney anomalies, V2: 1613 
renal cysts, V2. I6l4-l6l6 

gallbladder: 

acute cholecystitis, VI: 472-475 
carcinoma, VI: 481, 485-486 
gallstone disease, VI: 464-465, 

467-469 
hemorrhagic cholecystitis, VI: 475-477 
normal gallbladder, VI: 460, 462 
polyps, VI: 480, 482-483 

iron-based contrast agents, V2: 1777-1779 

kidneys: 

adenoma, V2: 1068 

granulocytic sarcoma (chloroma), V2: 

1109, 1111 
hemorrhagic/proteinaceous cysts, V2: 

1037, 1042-1044, 1046 
iron deposition, V2. 1121, 1125-1127 
lymphocele, V2. 1182 
lymphoma, V2. 1106-1110 
multilocular cystic nephroma, V2: 

1060, 1063-1064 
perinephric pseudocyst, V2: 1042, 

1044, 1050 
simple cysts, V2. 1037-1039 
techniques, V2. 1025-1031 
Wilms tumor, V2. 1103-1106 

large intestine: 

colonic fistulae, VI: 883, 887-888 
intraluminal contrast agents, VI: 892, 
895-897 



mucocele, VI: 838, 841-842 
rectosigmoid carcinoma, VI: 850, 

857-860 
techniques, VI: 824 
liver, VI: 46-50 

ablative therapies, VI: 278-287 
adenocarcinoma, undifferentiated 

tumors, VI: 162, 164, 177-179 
angiosarcoma, VI: 242, 249 
autoimmune hepatitis, VI: 312-314 
bile duct carcinoma, intrahepatic/ 
peripheral metastases, VI: 
239-240, 242, 247-249 
Budd-Chiari syndrome, hepatic venous 

thrombosis, VI: 398, 401-405 
carcinoid tumor metastases, VI: 164, 

183-185 
chemotherapy- related metaseases, VI: 

257, 264-270 
cirrhosis, VI: 333-362 

dysplastic nodules, VI: 340, 342, 

346-354 
regenerative nodules, VI: 333-334, 
339-345 
iron-containing, VI: 334, 340, 
344-346 
computed tomography vs., VI: 128, 

141-144 
echinococcal disease, VI: 431-433 
fat/iron deposition, VI: 371, 376 
fatty liver, VI: 379-387 
fibrolamellar carcinoma, VI: 238-239 
focal nodular hyperplasia, VI: 
121-126 
hepatocellular adenoma, differential 
diagnosis, VI: 111, 180 
fungal infection, VI: 437-438 
hemangiomas, VI: 73, 81, 83, 85-86, 
89-91 
central nodular lesion, VI: 85, 91 
chronic liver disease, VI: 103-105 
hepatocellular carcinoma, 

differential diagnosis, VI: 106 
hypervascular metastases, 

differential diagnosis, VI: 90, 
101-103 
medium-sized lesion, VI: 85, 89-91 
small lesion, VI: 85-86 
small-sized slow-enhancing, VI: 88, 
94-95 
hepatic abscess, pyogenic, VI: 418, 

422-432 
hepatic arterial obstruction, VI: 407 
hepatic cysts: 

foregut hepatic cysts, VI: 60, 66-70 
solitary (nonparasitic), VI: 60-66 
hepatic transplantation, VI: 292, 299 
hepatocellular adenoma, VI: 107, 

109-113 
hepatocellular carcinoma, VI: 192, 
198, 202-214 
diffuse infiltrative, VI: 212, 227, 
234-238 
hypervascular metastases, VI: 151-162 
inflammatory myofibroblastic tumor, 
VI: 418-422 



lobe abnormalities, VI: 58-60 
lymphomas, VI: 238, 240-245 
melanoma metastases, VI: 164, 

181-182 
mesothelioma, malignant, VI: 242, 

250-251 
metastases detection and 

characterization, VI: 128, 

137-143 
Tl images vs., VI: 147-150 
multiple myeloma, VI: 238, 245-246 
mycobacterium avium intracellulare, 

VI: 433-435 
pancreatic ductal adenocarcinoma 

metastases, VI: 162 
porta hepatis lymphadenopathy, VI: 

352, 354, 359, 362-365 
portal venous air, VI: 411, 413 
portal venous thrombosis, VI: 391, 

393-400 
postradiation metastases, VI: 257, 

262-264 
preeclampsia and eclampsia, VI: 407, 

410-411 
primary biliary cirrhosis, VI: 314—315 
primary sclerosing cholangitis, VI: 

304, 306-311 
radiation-induced hepatitis, VI: 321, 

331 
Reidel lobe, differential diagnosis, VI: 

58-60 
secondary infection, metastases, VI: 

188, 191-192 
transcatheter arterial embolization, VI: 

268, 270-278 
transfusional iron overload, VI: 

368-373 
trauma, VI: 442 
viral hepatitis, VI: 321-330 
magnetic resonance 

cholangiopancreatography, VI: 

456-461 
ovaries: 

benign neoplasms: 

epithelial origin, V2. 1518-1523 
germ cell tumors, V2: 1520-1521, 

1526-1529 
sex cord-stromal tumors, V2: 

1525-1526, 1529-1531 
cysts, functional cysts, V2: 1500, 

1504-1506 
endometriomas, V2: 1506, 1509-1512 
functional cysts, V2: 1504-1506 
hydrosalpinx, V2: 1517 
lymphoma, V2. 1545, 1548-1549 
normal anatomy, V2. 1500-1501 
ovarian torsion, V2. 1510, 1514-1516 
pelvic inflammatory disease, V2: 1514, 

1516-1517 
polycystic ovarian syndrome, V2: 

1507, 1509, 1514 
pancreas: 

acute pancreatitis, VI: 628, 636-647 
autoimmune pancreatitis, VI: 664, 666 
chronic pancreatitis, VI: 649, 665 
gastrinomas, VI: 591, 593, 598-602 
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insulinomas, VI: 601, 603 
islet-cell tumors, VI: 591-598 
metastases to, VI: 619, 625-631 
mucinous cystadenoma/ 

cystadenocarcinoma, VI: 
612-616 
pancreatic adenocarcinoma, VI: 
552-557 
lymph node metastases, VI: 580, 
584 
primary hemochromatosis, VI: 546, 

548-549 
serous cystadenoma, VI: 606-607, 
609-612 
pediatric patients, V2: 1644 
pelvic varices, V2: 1517-1518 
penis and urethra: 

inflammatory disease, V2: 1380-1381 
metastases, V2: 1376-1377 
normal anatomy, V2: 1375-1376 
primary tumors, V2: 1377-1380 
prostheses, V2. 1376-1377 
peritoneum: 

ascites, V2. 936, 940-942 
intraperitoneal blood, V2: 936, 
943-944 
in pregnancy, V2: 1561 

abdominal fibromatosis, V2: 1570 
cervical fibroids, V2. 1569, 1573 
fetal weight and amniotic fluid, V2: 

1622-1623 
postpartum uterus, V2: 1575-1580 
prostate cancer, V2. 1352, 1356-1373 

adenocarcinoma, V2: 1352, 1356-1373 
prostate gland: 

inflammation and infection, V2: 

1373-1374 
normal anatomy, V2: 1344-1346 
trauma, V2. 1374-1375 
psoas muscle, V2. 1271, 1273-1280 
rectum, techniques, VI: 827, 831 
renal cell carcinoma, V2: 1084, 1086 

recurrence, V2: 1089, 1096-1097 
retroperitoneum : 

fibrosis, benign vs. malignant, V2: 
1240, 1242-1244, 1249, 
1252-1253 
malignant metastatic lymphadenopathy, 

V2: 1258-1263 
neurofibromas, V2. 1240, 1245-1247 
primary neoplasms, V2: 1266-1271 
seminal vesicles: 

cysts, V2: 1382, 1384 
diffuse disease, V2. 1382-1383, 1385 
normal anatomy, V2. 1382-1834 
single-shot echo-train spin-echo 

sequences, VI: 7-8 
small intestine: 

carcinoids, VI: 779, 790-791 
Crohn disease, VI: 785, 791, 793-805 
spleen, VI: 678-681 

accessory/ wandering spleens, VI: 

681-685 
cysts, VI: 683, 687-690 
hamartomas, VI: 690, 693, 695-697 
hemangiomas, VI: 687-688, 691-693 



littoral cell angioma, VI: 688, 694 
lymphangiomas, VI: 693 
lymphomas, VI: 693-694, 699-703 
stomach, VI: 154-156 
carcinoids, VI: 759 
gastric adenocarcinoma, VI: 738, 741, 

743 
gastrointestinal stromal tumors, VI: 
743, 748, 752-758 
testes, scrotum and epididymis, V2: 
1385 
benign neoplasms, V2: 1386, 1388, 

1390 
cryptorchidism, V2. 1386-1388 
infectious disease, V2: 1397-1398 
malignant tumors, V2: 1392-1396 
testicular prostheses, V2: 1386 
trauma, V2. 1397 
uterus, V2. 1434 

adenomyosis, V2: 1466-1470 
endometrial carcinoma, V2: 

1471-1481 
endometrial hyperplasia/polyps, V2: 

1448-1450 
leiomyomas, V2: 1452-1469 
menstrual changes, V2: 1437-1439 
vagina: 

agenesis/partial agenesis, V2: 

1411-1412 
Bartholin glands cysts, V2. 141 6-1 418 
duplication anomalies, V2: 1412, 

1414-1415 
Gartner duct cyst, V2. 1416, 

1418-1419 
normal anatomy, V2. 1409-1410 
radiation effects, V2: 1421, 1428 
vaginal malignancies, V2: 1420-1426 
vessel imaging, V2. 1194-1200 

inferior vena cava malignancies, V2: 
1237-1241 
Takayasu arteritis, ischemic nephropathy, 

V2. 1136, 1139 
Talipes equino varus, fetal assessment, V2: 

1622 
Tamoxifen: 

endometrial carcinoma, ovarian 

metastases, V2. 1474, 1476 
uterine changes, V2: 1439-1440 
Technetium ( 99m Tc-pertechnetate) 
scintigraphy, Meckel 
divedrticulum, VI: 110, 11 A 
Teratomas: 

fetal assessment: 

fetal mouth, V2. 1598, 1604 
intracranial, V2: 1598-1599, 1602 
sacrococcygeal teratoma, V2: 
1617-1620 
ovarian malignancies, V2: 1534, 1540, 
1543-1544 
Terminal duct-lobular units (TDLUs): 
breast cancer, risk and prevalence, V2: 

1723 
breast cysts, V2. 1700-1703 
fibroadenomas, V2. 1702-1706 
fibrocystic breast changes, V2: 1712, 
1714-1716 



normal breast, V2: 1688 
Testes: 

benign masses: 

cystic lesions, V2. 1386, 1389 
neoplasms, V2. 1386, 1388, 1390 
testicular prostheses, V2. 1386 
congenital anomalies, V2: 1386 
cryptorchidism, V2. 1386-1388 
infectious disease, V2: 1397-1398 
malignant masses, V2: 1390-1396 
MR imaging, V2: 1385 
normal anatomy, V2. 1383-1384 
torsion, V2. 1396-1397 
trauma, V2. 1397 
Testicular cancer, retroperitoneal imaging, 

V2. 1258, 1263-1265 
Testicular feminization, V2: 1415 

uterine anomalies, V2: 1448 
Thalassemia: 

adrenal gland myelolipoma, V2: 977, 

979-980, 988-990 
hepatic iron overload, VI: 368, 370, 

374-375 
a-Thalassemia, liver imaging, VI: 370, 
375 
Theca-lutein ovarian cysts, V2: 1504, 

1507-1508 
Thecomas, benign ovarian neoplasms, V2: 

1525-1526, 1531 
Thin-collimation source images, magnetic 
resonance 

cholangiopancreatography, VI: 
456, 460 
Thorax: 

fetal assessment: 

anomalies, V2: 1604, 1612 
normal development, V2: 1583 
magnetic resonance angiography, V2: 
1615, 1679-1684 
Three-dimensional gradient echo sequences 
(3D-GE): 
adnexa, V2. 1499-1500 
adrenal glands, V2. 963-968 
bladder, V2. 1298 

transitional cell carcinoma, V2: 

1307-1316 

breast imaging, V2: 1694-1695 

capillary phase imaging, VI: 2 

chest imaging, V2: 1653— 1654 

hilar and mediastinal 

lymphadenopathy, V2: 
1666-1667 
pulmonary emboli, V2: 1673, 

1675-1677 
pulmonary infiltrates, V2: 1666, 
1668-1671 
colon cancer, VI: 843-865 

peritoneal metastases, VI: 848, 
854-857 
dynamic contrast-enhanced imaging, VI: 

3 
esophageal imaging, VI: 726, 728 
esophagus, malignant masses, VI: 

729-731 
fat-suppressed gradient echo sequences, 
VI: 4 
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Three-dimensional gradient echo sequences 
(3D-GE): {Continued) 
gadolinium-enhanced Tl -weighted 
images, hepatic arterial 
dominant (capillary) phase, VI: 
11-13 
gastrointestinal tract imaging, VI: 725 
kidneys: 

complex cysts, V2: 1037, 1040 
fibromuscular dysplasia, V2: 1133, 

1136-1137 
horseshoe kidney, V2: 1032, 1034 
renal blood flow evaluation, V2: 1173 
renal filling defects, V2. 1159, 

1166-1169 
techniques, V2. 1025-1031 
large intestine: 

abscesses, VI: 881-886 

colonic adenomatous polyps, VI: 832, 

835-838 
infectious colitis, VI: 888 
techniques, VI: 824 
ulcerative colitis, VI: 867-868, 
870-871 
liver imaging techniques, VI: 46-50 
lung cancer, pulmonary nodules, V2: 

1654, 1657, 1662-1665 
male pelvis, V2. 1343-1344 
pancreatic imaging, VI: 536-541 

pancreatic adenocarcinoma, VI: 559, 
564-566 
pediatric patients, V2: 1637 

older children, V2: 1645-1 646 
quality improvements, VI: 16 
rectal adenocarcinoma, VI: 848-850 
rectal carcinoid tumor, VI: 867-868 
renal artery disease, V2: 1129, 

1131-1133 
renal cell carcinoma, stage 4, V2: 1082, 

1084-1085 
retroperitoneum, V2: 1193-1194 
fibrosis, benign vs. malignant, V2: 

1240, 1242-1244 
malignant metastatic 

lymphadenopathy, V2: 
1258-1263 
small intestine, VI: 767-770 

adenocarcinoma, VI: 111, 781-782 
gastrointestinal stromal tumor, VI: 

779, 783-785 
infectious enteritis, VI: 810, 813-814 
metastases to, VI: 782, 791-792 
pancreatitis, VI: 810, 815 
polyps, VI: 115, 111-118 
radiation enteritis, VI: 816, 818 
varices, VI: 115, 781 
spleen, VI: 678-681 

spoiled gradient echo (SGE) sequences, 
abdominal-pelvic imaging, VI: 
3-4 
stomach, VI: 734 

gastric adenocarcinoma, VI: 743 
vessel imaging, V2-. 1195-1200 
aorta, V2. 1200-1227 

abdominal aortic aneurysm, V2: 
1201-1207 



aortic dissection, V2: 1201, 

1208-1212 
aortic graft evaluation, V2: 1214, 

1216, 1224-1227 
aortoiliac atherosclerotic disease/ 
thrombosis, V2: 1204, 1207, 
1214-1223 
inferior vena cava, V2: 1216, 1223, 
1229 
thrombus, V2. 1229-1237 
whole body imaging, VI: 40-42 
Three-dimensional spin echo sequences, 
VI: 1 
magnetic resonance 

cholangiopancreatography, VI: 
456-461 
single-shot echo-train spin-echo 
sequences, VI: 7-8 
3.0T imaging: 
adnexa, V2. 1500 
adrenal glands, V2. 964-968 
aorta, V2. 1200-1227 
comparisons to 1.5 T, VI: 31-36 
female urethra, normal anatomy, V2: 

1402-1403 
gastrointestinal tract, VI: 725 
kidney, renal cell carcinoma, stage 4, 

V2: 1082, 1084-1085 
kidneys, V2. 1029-1031 
liver imaging, hemangiomas, VI: 81, 83, 

85, 88, 92-94, 96-97 
lung cancer, pulmonary nodules, V2: 

1654, 1662 
male pelvis, V2. 1343-1344 
pediatric patients, V2: 1637-1644 
adnexa, V2: 1650 
adrenal glands, V2: 1650 
bladder, V2. 1650 
data acquisition parameters, V2: 

1644-1645 
female urethra/vagina, V2. 1650 
follow-up procedures, V2. 1647-1649 
gadolinium-based contrast agents, V2: 

1647 
gallbladder/biliary system, V2. 

1649 
gastrointestinal tract, V2: 1650 
imaging protocol, V2. 1637, 1644 
infants (under 1.5 years), V2-. 1645 
kidneys, V2. 1650 
liver, V2. 1649 

magnetic field strength, V2: 1644 
male pelvis, V2: 1650 
older children (6-18 years), V2. 

1645-1646 
pancreas, V2. 1649-1650 
receiver coil, V2. 1644-1645 
retroperitoneum, V2: 1650 
sedation technique, V2: 1646-1647 
small children (1-6 years), V2: 1641, 
1645 
prostate cancer, adenocarcinoma, V2: 

1352, 1356-1373 
uterus and cervix, V2. 1434 
vagina, vaginal carcinoma, V2: 1416, 
1422 



Thrombotic microangiopathy, renal artery 
disease, V2. 1133, 1137, 1141 
Time-intensity curves, breast imaging, V2. 

1691 
Time-of-flight techniques, vessel imaging, 

V2: 1194-1200 
TNM staging: 

breast cancer, V2. 1723-1725 
colon cancer, VI: 843 
female urethral carcinoma, V2-. 1403 
gastric adenocarcinoma, VI: 738, 

741-742 
prostate cancer, V2: 1368 
renal cell carcinoma (RCC), V2: 1073 
testicular cancer, V2-. 1392-1396 
transitional cell carcinoma, bladder 

cancer, V2. 1307-1316 
vaginal malignancies, V2: 14 16, 1421 
vulvar carcinomas, V2: 1421, 1427 
Torsion, testicular, V2. 1396-1397 
Toxicity studies, gadolinium-based contrast 

agents, V2. 1119-1186 
Toxic megacolon: 

Crohn colitis, VI: 869, 872-874 
ulcerative colitis and, VI: 867-868, 
870-781 
Trachelectomy, cervical cancer, V2: 

1493-1495 
Transcatheter arterial chemoembolization, 
liver metastases, VI: 268, 
270-278 
Transfusional iron overload, liver imaging, 

VI: 368-373 
Transfusional siderosis, liver imaging, VI: 

368-373 
Transhepatic signal intensity differences 

(THID), VI: 414-415 
Transient hepatic arterial defects, VI: 

414-415 
Transitional cell carcinoma (TCC): 
bladder: 

advanced disease, V2: 1308, 

1313-1314 
diverticulum anomalies and, V2: 1300 
invasive, V2: 1307-1308, 1312 
recurrence, V2: 1308, 1316 
superficial invasion, V2: 1307-1312 
urothelial neoplasms, V2: 1306-1316 
pancreatic metastases, VI: 619, 625, 627 
renal pelvis and ureter, V2: 1155, 
1159-1165 
Transplant procedures: 
hepatic transplantation: 

bile duct obstruction following, VI: 

292, 299 
donor and recipient assessment, VI: 

287-292 
fibrosis, VI: 299, 304 
fungal infection, VI: 299, 305 
graft failure, VI: 287, 292 
liver abnormalities, VI: 299, 
303-306 
hepatic arterial obstruction, VI: 405, 

407-408 
hepatocellular carcinoma recurrence, 
VI: 299, 302 
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inflammation following, VI: 299-300 
lymphoma, VI: 238, 241 
magnetic resonance 

cholangiopancreatography, bile 
duct anastomoses, VI: 519-520 
MR imaging, VI: 287-305 
posttransplant lymphoproliferative 
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This book is dedicated to all the patients whose images we have used to illustrate MR findings. 

I hope that the MR studies offered positive impact on their lives. Furthermore, I hope that 

many, many more patients worldwide will benefit from the knowledge conferred to their 

physicians by the information contained herein. 

— Richard Semelka 




Christ seated, disputing with the doctors. Etching, 1654. Rembrandt. This etching 
describes evolution in human thought. New individuals challenge prevailing wisdom, 
and the end result is the improvement of the human condition. 




, 



Christ driving the money-changers from the temple. Etching, 1635. Rembrandt. 
This etching describes the necessity of being ever vigilant against the excesses of greed. 
We must constantly challenge ourselves and others that this is not a prime motivation 
for conduct. 
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PREFACE 



uch change has occurred in imaging since the 
writing of the previous edition of this work. The 
entity of nephrogenic systemic fibrosis (NSF) has been 
identified and its association with gadolinium-based 
contrast agents (GBCAs), especially the linear nonionic 
agents, has been recognized. Further recognition by 
the main-stream radiological community of the detri- 
mental nature of excessive medical radiation, that may 
result in malignancy, and contrast-induced-nephropathy 
related to the use of iodine-based contrast agents 
(IBCAs) have simultaneously occurred. These lapses in 
attention on the subject of safety by the radiology com- 
munity serve to remind ourselves of our duty to patients 
of Primum Non Nocere, emphasizing the age-old 
wisdom of "everything in moderation" and the impor- 
tance of being ever vigilant when it comes to patient 
welfare. Positive steps have been taken by individual 
radiologists and radiological societies and equipment 
manufacturers to lessen the potential harmful effects of 
what we have previously assumed to be innocuous 
imaging studies. Almost all centers have adopted a 
restrictive GBCA policy that has largely vanquished NSF, 
and will progressively make the elimination of this 
condition complete. Policies and programs related to 
medical radiation, currently foremost amongst them 
being the Image Gently campaign, a program designed 
to minimize the amount of radiation sustained by pedi- 
atric patients in imaging studies, and operated as a joint 
venture between many of the large radiology societies, 
have been developed and instituted. 

At the same time, positive advances in MRI have 
occurred. These include the more widespread adoption 
and development of 3 T MRI to study diseases of the 
chest, abdomen and pelvis. 3T possesses higher signal- 
to-noise, greater image quality especially with 3D- 
gradient echo imaging, greater sensitivity to GBCA 
enhancement, and thinner section acquisition. This has 
allowed further expansion of MRI into more applica- 
tions in torso imaging. 

In recognition of these changes in the imaging 
terrain, this current edition addresses many of these 
above mentioned issues and advances. A new chapter 
on Contrast Agents is included to address the use of MR 
contrast agents, but also describes GBCA and IBCA 



issues and safe practice. New chapters on Fetus and 
Pediatric imaging draw attention to the capacity of MRI 
to accurately investigate young subjects, to ameliorate 
the problems with excess medical radiation in this 
group, who are the most sensitive to radiation damage. 
Breast imaging has also come of age and is included as 
a new chapter in this work. Additionally, many of the 
new images throughout the book are 3T images, empha- 
sizing the high image quality provided at ultrahigh field 
strength, and illustrating its growing importance. 

Despite all these changes, the principles of this 
book remain unchanged. The emphasis remains on 
short duration imaging studies that combine compre- 
hensive information and consistent image quality. The 
major step to widespread implementation of MRI in 
replacement of other modalities, remains reproducibility 
and generalizability of information acquired. MRI has to 
replicate CT images and studies need to be generated 
with comparable and not excessively longer duration, 
and image quality must be reliable and consistent, but 
with the addition of greater and more comprehensive 
information, and greater safety. Although we touch on 
new applications in Chapter 1, such as diffusion- 
weighted imaging and MR elastography, at present I do 
not consider their roles established in main-stream MRI 
practice, paying attention to the above mentioned prin- 
ciples, and I recommend that at present their use be 
restricted to research centers. This text again empha- 
sizes multiple examples of disease processes both rare 
and common, so that the reader has guidance on the 
appearances of virtually all diseases processes in the 
abdomen, pelvis, chest and breast, to compare their 
own cases against. With all the advances in MRI, and 
perhaps despite the advances in CT, coupled with the 
recognition of the hazards intrinsic to CT, especially CT 
performed with multiple passes of the torso, this work 
aims to show that much of imaging of these areas can 
be performed with MRI, by virtue of the depth and 
breadth of disease processes that can be evaluated well. 
In many organ systems, as this book reveals, MRI per- 
forms extremely well at diagnosing most disease enti- 
ties, and outperforms CT in many areas, notably the 
liver. MRI may be the best tool to evaluate cancers in 
most of the organs described in this text, and much of 



xi 



Xll 



PREFACE 



the inflammatory diseases. CT remains dominant for 
major trauma, diffuse lung parenchymal diseases, and 
renal stone diseases. What remains exciting is that 
despite the comprehensiveness of this work, it is not 
the omega work of MRI. We anticipate further exciting 
advances that may further alter imaging management, 
perhaps especially, making inroads into more indica- 



tions in trauma. Those developments may need to wait 
for the future next edition. With further exciting advances 
we have to remain vigilant on the subject of safety, MRI 
is not an innocuous tool, and as we move to even 
higher field strengths, safety must be cautiously assessed. 

Richard Semelka, m.d. 
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PERITONEAL CAVITY 
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AND RICHARD C. SEMELKA 



NORMAL ANATOMY 



The peritoneum is the most extensive and complexly 
arranged of the serous membranes in the human body. 
Like the serous membranes that line the pericardial and 
pleural cavities, the peritoneal cavity is lined by a spe- 
cialized epithelium termed mesothelium. 

The peritoneum can be analogized to an empty yet 
intricately folded sac. The parietal peritoneum lines the 
abdominal wall, whereas a continuation of the parietal 
peritoneum is reflected over viscera as the visceral peri- 
toneum. The free surface of the peritoneum is lined by 
a smooth layer of mesothelium, moistened by a thin 
film of serous fluid. In the normal state, viscera are able 
to glide freely against the wall of the abdominal cavity 
or upon each other without impediment. Loss of this 
specialized mesothelial surface may lead to the adher- 
ence of underlying tissues. In certain conditions, trans- 
formation of mesothelial cells into fibroblasts and 
proliferation of submesothelial connective tissue can 
lead to macroscopic adhesions between peritoneal sur- 
faces, disrupting intestinal motility or causing complete 
obstruction [1]. 



Some abdominal viscera are completely covered by 
peritoneum and are suspended from the posterior abdom- 
inal wall by a thin sheet of peritoneum-covered connec- 
tive tissue that contains a network of blood vessels. These 
folds of peritoneum are termed mesenteries. Peritoneal 
ligaments are serous membranes, often serving as neuro- 
vascular pedicles, extending between two structures. The 
apronlike greater omentum extends from the greater cur- 
vature of the stomach to lie draped over the coils of the 
small intestine and is reflected back onto the transverse 
colon. It forms a protective covering over the abdominal 
contents. The omentum may limit peritoneal infections 
because it tends to adhere to areas of infection. In a 
patient with perforation of the appendix, the omentum 
may wall off the infection to form an abscess, preventing 
generalized peritonitis. The lesser omentum or gastrohe- 
patic ligament joins the lesser curvature of the stomach 
to the liver. Its medial free edge is termed the hepatoduo- 
denal ligament, which encloses the portal vein, hepatic 
artery, and common bile duct. The transverse mesocolon 
is a broad fold of peritoneum connecting the transverse 
colon to the posterior abdominal wall. Its layers pass from 
the pancreas to the transverse colon. 



Abdominal-Pelvic MRI, Third Edition, edited by Richard C. Semelka. Copyright © 2010 John Wiley & Sons, Inc. 
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Because the parietal and visceral layers of the peri- 
toneum are always in sliding contact, the peritoneal 
"cavity" is, in fact, best viewed as a potential space. The 
peritoneal cavity is divided into two regions, a main 
region, termed the greater sac, and a diverticulum, or 
lesser sac, behind the stomach and the lesser omentum. 
The opening of the diverticulum, the epiploic foramen, 
provides communication between the greater and lesser 
sacs. 

The peritoneum has the capacity to exude cells and 
fluid in response to injury or infection. Certain potential 
peritoneal spaces or recesses, normally in communica- 
tion with each other, may be walled off by adhesions 
and create sites of abnormal fluid collections. With this 
concept in mind, the greater sac is further divided by 
the transverse mesocolon into an upper part, the supra- 
mesocolic space, and a lower part, the inframesocolic 
space. The supramesocolic space is subdivided into 
right and left peritoneal spaces. The right peritoneal 
space includes the right perihepatic space and the lesser 
sac, demarcated anteriorly by the lesser omentum. 
These spaces communicate via the epiploic foramen, 
which is bounded by the hepatoduodenal ligament of 
the lesser omentum. The lesser sac is a potential space 
that distends in the presence of certain disease pro- 
cesses, especially pancreatitis. The right perihepatic 
space consists of a subphrenic space and a subhepatic 
space and is partially divided by the right coronary liga- 
ment. The posterior aspect of the right subhepatic space 
encloses a recess between the liver and kidney called 
the hepatorenal fossa (Morison pouch). This space com- 
monly accumulates fluid in the setting of diseases affect- 
ing the gallbladder, the second portion of the duodenum, 
the liver, or the ascending colon. Malignant disease has 
a tendency to affect the lesser sac in addition to the 
greater sac. Benign disease, except for pancreatitis, pri- 
marily affects the greater sac [2, 3L 

The left peritoneal space can be divided into ante- 
rior and posterior perihepatic spaces and anterior and 
posterior subphrenic spaces. The perihepatic spaces 
tend to be involved with diseases affecting the left lobe 
of the liver and stomach, whereas the anterior sub- 
phrenic space may also be affected by disease involving 
the splenic flexure. The posterior subphrenic space is 
most commonly involved in disease of the spleen. 

The inframesocolic compartment of the peritoneal 
cavity is divided into a small right space and a larger 
infracolic space. The right side is limited inferiorly 
by the junction of the distal small bowel mesentery with 
the cecum, whereas the left infracolic space drains into 
the pelvis. 

The paracolic gutters are located lateral to the peri- 
toneal attachment of the ascending and descending 
colon. The right paracolic gutter is continuous with the 
right perihepatic space. On the left side, however, the 



phrenicocolic ligament forms a partial barrier between 
the paracolic gutter and the left subphrenic space. The 
pelvis is the most dependent portion of the peritoneal 
cavity in both the erect and recumbent positions. 
Therefore, both benign and malignant fluid preferen- 
tially pool in this location [4, 5]. The pelvic cavity con- 
sists of the lateral paravesical spaces and the midline 
rectovaginal space (pouch of Douglas or cul-de-sac) in 
women and the rectovesical space in men. 

The peritoneal reflections are conduits for intraperi- 
toneal fluid, which flows along the path of least resis- 
tance. Specifically, flow along the right paracolic gutter 
and into the pelvis is relatively unimpeded. Greater 
resistance to flow occurs along the left paracolic gutter, 
and flow across midline is impeded by the falciform 
ligament [6]. 



MRI TECHNIQUE 

Techniques that minimize motion and maximize spatial 
and contrast resolution are well suited for imaging 
peritoneal disease. The multiplanar capabilities of MRI 
are also useful. Our standard MRI protocol includes 
breath-hold Tl -weighted SGE and 3D-GE, T2-weighted 
single-shot echo-train spin-echo, and immediate and 
delayed postgadolinium SGE or 3D-GE techniques. 
Precontrast Tl-weighted SGE and T2-weighted single- 
shot echo-train spin-echo sequences are acquired with 
and without fat suppression. Pre- or postgadolinium 
Tl-weighted 3D-GE sequences are acquired with fat 
suppression. While immediate postgadolinium Tl- 
weighted SGE sequences are acquired without fat 
suppression, delayed postgadolinium Tl-weighted SGE 
sequences are acquired with fat suppression. The essen- 
tial sequence to evaluate peritoneal disease is 2- to 
5-min gadolinium-enhanced Tl-weighted fat-suppressed 
SGE or 3D-GE (fig. 7.1). 

For fibrotic processes, the Tl-weighted non-fat- 
suppressed SGE technique maximizes contrast resolu- 
tion between high-signal intraperitoneal fat and 
low-signal diseased tissue, whereas for inflammatory 
and neoplastic conditions the gadolinium-enhanced Tl- 
weighted fat-suppressed SGE or 3D-GE techniques are 
the most sensitive imaging sequence for disease detec- 
tion. Peritoneal diseases are best studied during the 
interstitial phase (2-5 min after injection), when leaky 
capillaries allow contrast to pool in the interstitium. This 
time course allows for dynamic scanning of a target 
organ (e.g., the liver) during the capillary phase and a 
survey of the peritoneum during the interstitial phase. 
This is particularly advantageous in conditions that 
simultaneously affect the solid viscera and the perito- 
neum, such as ovarian, colorectal, pancreatic, and 
gastric carcinoma. 







Fig. 7.1 Normal peritoneum. Transverse SGE (a) and immediate (b) and 90-s postgadolinium fat-suppressed SGE (c) images. 
The normal peritoneum is faintly appreciable with current MRI techniques. The abdominal fat is uniform and provides good contrast 
with abdominal organs, with a combination of nonsuppressed (a, b) and fat-suppressed (c) sequences. Coronal T2-weighted SS-ETSE 
(d) and coronal interstitial-phase gadolinium-enhanced fat-suppressed SGE (e,/) images in a second patient. Note that bowel, vessels, 
and the mesentery are well demarcated. 
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NORMAL VARIANTS AND 
CONGENITAL DISEASE 

Congenital variations of the peritoneal reflections are 
rare. They usually are related to malrotation of the 
bowel or situs anomalies during gestation [7]. 
Lymphangiomas of the omentum and mesentery are 
true cysts lined by endothelium. Cystic lymphangioma 
represents the single most frequent tumor of the 
omentum in children [8]. Possible pathogenic mecha- 
nisms for these lesions include developmental distur- 
bance with abnormality in the lymphatic system or 
drainage obstruction with secondary expansion of the 
lymphatic channels. They usually are multiloculated 
cysts containing serous or chylous fluid, but may be 
complicated by hemorrhage. The imaging characteris- 
tics reflect the cyst contents in that lymphangiomas with 
high protein content are high in signal intensity on Tl- 
weighted images [9]. 



HERNIAS 

Bochdalek Hernia 

Posterolateral defect of the diaphragm is a common 
congenital diaphragm abnormality. Defective formation 
and/or fusion of the pleuroperitoneal membrane results 
in herniation of abdominal contents into the thoracic 
cavity. This defect, usually unilateral and on the left 
side, consists of a large opening (referred to as the 
foramen of Bochdalek) in the posterior aspect of the 
diaphragm [10]. The discontinuity of the diaphragm may 
be shown by MRI in multiple planes (fig. 7.2). 



Hiatus Hernia and Internal Hernia 

Partial congenital herniation of the stomach through an 
enlarged esophageal hiatus is rare. Most hiatal hernias 
are acquired lesions occurring during adult life. 
Esophageal hernias are divided into two types: sliding 
(axial) and paraesophageal. Paraesophageal hiatal 
hernias are characterized by herniation of all or part of 
the stomach into the thorax immediately adjacent and 
to the left of an undisplaced gastroesophageal junction. 
In contrast, sliding hiatal hernias are characterized by 
displacement of the upper stomach and gastroesopha- 
geal junction upward into the thorax. Sliding hernias 
result from weakened or torn phrenoesophageal mem- 
branes, resulting in a gastroesophageal junction that is 
above the esophageal hiatus of the diaphragm (fig. 7.3). 
Internal hernia is defined as the herniation of a 
viscus, usually the small intestine, through a normal or 
abnormal aperture within the peritoneal cavity (fig. 7.3). 
The incidence of internal hernia is less than 1%; however, 



it can cause small bowel obstructions and, if left 
untreated, has high mortality [10]. Internal hernias can 
be acquired secondary to surgeries, trauma, or postin- 
flammatory changes. They can also be congenital, 
including normal patients with normal apertures and 
patients with abnormal apertures resulting from anoma- 
lies of internal rotation and peritoneal attachment. These 
hernias can be classified according to location: paraduo- 
denal, pericecal, foramen of Winslow, transmesenteric 
or transmesocolic, intersigmoid, retroanastomatic. MR 
imaging features of internal hernias include trapping, 
crowding, and encapsulation of distended bowel loops 
in a hernia sac located in an abnormal location, seg- 
mental small bowel obstruction extending into proximal 
segments, twisting and engorgement of mesenteric 
vessels, mesenteric stranding, and increased enhance- 
ment in the walls of trapped segments. 

Abdominal Wall Hernias 

MR images acquired as breath-hold or single-shot tech- 
niques identify abdominal wall hernias. This may be 
helpful in obese patients where physical exam is ham- 
pered. Single-shot echo-train spin echo is particularly 
effective at demonstrating hernias and, in addition, 
experiences negligible magnetic susceptibility artifact, 
which improves visualization of bowel wall in the 
setting of dilated air-filled loops of bowel. 

• Inguinal hernia: Inguinal hernias result from a per- 
sistent processus vaginalis, which is that portion of 
the abdominal peritoneum that enters the deep, or 
internal, inguinal ring. At birth, the patent processus 
vaginalis communicates with the peritoneal cavity; it 
normally closes during infancy. If, however, the pro- 
cessus remains patent, abdominal viscera may pro- 
trude into it, forming an inguinal hernia [11] (fig. 7.4). 

• Spigelian hernia: This is a rare hernia of the ante- 
rior abdominal wall caused by a defect in the apo- 
neurosis between the transversus abdominis and the 
rectus abdominis muscle. The peritoneal sac herni- 
ates through the rent in the aponeurosis and dissects 
laterally (fig. 7.5). 

• Paraumbilical hernia and incisional hernia: 
Paraumbilical hernia arises near the umbilicus and 
protrudes through the linea alba (fig. 7.6). Although 
they may be congenital, paraumbilical hernias are 
more common in obese and multiparous women; 
diastasis of the recti abdomini is the common underly- 
ing factor [11]. Incisional hernia is seen in the abdomi- 
nal wall after surgeries. Mostly intestinal segments 
protrude through weakened abdominal wall via a 
defect. Peristomal hernia is also characterized by her- 
niation of intestinal segments through the abdominal 
wall defect created for colostomy (fig. 7.6). 
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Fig. 7.2 Bochdalek hernia. Coronal breath-hold Tl-weighted 
SGE image (a) shows the discontinuity of the posterior diaphragm 
(arrows). The rent in the diaphragm allows fat and/or viscera to 
migrate superiorly into the chest. SGE (£>),T2-weighted spin-echo 
(c), and sagittal 90-s postgadolinium SGE (d) images demonstrate 
rents in the diaphragm bilaterally (arrows, b, c) and herniation of 
fat into the pleural space (arrow, d). Sagittal-plane gadolinium- 
enhanced Tl-weighted SGE (e) image in a third patient shows the 
herniation of kidney and fat into the thorax. 
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Fig. 7.3 Hiatus hernia and internal hernia. Coronal T2-weighted single-shot echo-train spin-echo (a) and transverse immedi- 
ate postgadolinium SGE (b) images. The coronal T2-weighted image demonstrates extension of the stomach (arrows, a) above the 
diaphragm. On the transverse postgadolinium image, the extent of gastric wall enhancement of the herniated part of the stomach 
(arrows, b) is comparable to the remainder of the stomach. Coronal T2-weighted (c) image in a second patient. There is a moder- 
ately large hiatus hernia (arrow, c) in a patient with cirrhosis. Note that stomach, omentum, and ascites protrude through the hernia. 
Sagittal Tl-weighted SGE image (d) in a third patient with a history of heartburn. The gastroesophageal junction (long arrow, d) 
is above the diaphragm (arrowheads, d), which is diagnostic of a hiatal hernia. Thickening of the esophageal wall (short arrow, d) 
is consistent with reflux esophagitis. Immediate postgadolinium SGE (e) and 90-s postgadolinium SGE (/") imaging in a fourth patient 
demonstrate stomach in the lower mediastinum (arrows, e, /). Gastric rugae are well shown on the gadolinium-enhanced fat- 
suppressed image (/"). T2-weighted SSETSE image (g) in a fifth patient shows a large hiatal hernia with surrounding herniated fat. 
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Fig. 7.3 (Continued) Coronal T2-weighted single-shot echo- 
train spin-echo (h) and Tl -weighted fat-suppressed interstitial- 
phase postgadolinium 3D-GE (i) images in a post-liver transplant 
patient demonstrate an internal hernia sac (white arrows) in 
which small intestinal segments are trapped. The stomach is 
dilated and there is free fluid (black arrows) in the abdomen. Note 
that right-sided pleural effusion extending into the minor fissure 
is present as well. 



MASS LESIONS 



Benign Masses 

Cysts 

Mesenteric cysts most commonly occur in the small bowel 
mesentery. Their etiology is not well understood. Although 
most mesenteric cysts are incidental findings, they can be 
symptomatic. They may produce chronic or acute pain if 
complicated by rupture, hemorrhage, torsion, or bowel 
obstruction. The cysts tend to be singular and thin walled 
and may contain septae. Different types of mesenteric 
cysts may be lined by a diversity of cell types including 



endothelium, mesothelium, and fallopian tube-like epi- 
thelium. Their fluid contents may be serous, resembling 
plasma, or chylous, displaying a white, milky consistency. 
In complicated cases, blood and/or other proteinaceous 
fluid predominates [12, 131 The MRI appearance reflects 
the cyst contents. Simple cysts will be round, well margin- 
ated, low in signal intensity on Tl-weighted images, 
and high in signal intensity on T2- weighted images (fig. 
7.7). Cysts complicated by protein or hemorrhage will 
have higher signal intensity on Tl-weighted images and/ 
or heterogeneous signal intensity on T2-weighted images. 
After contrast administration, the cyst wall and septae, if 
present, will enhance (see fig. 7.7). 
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Fig. 7.4 Inguinal hernia. Transverse 512-resolution T2- 
weighted echo-train spin-echo (a) and interstitial-phase gadolin- 
ium enhanced fat-suppressed SGE (b) images in a patient with 
inguinal hernia. Expansion of the left inguinal canal (arrow, a) is 
well shown on the T2-weighted image (a), which contains high- 
signal-intensity tissue with an appearance identical to that of sur- 
rounding fat. Fat within the expanded inguinal canal diminishes 
in signal intensity on the fat-suppressed image, and enhancing 
testicular vessels are well seen (arrows, b). Sagittal T2-weighted 
single-shot echo-train spin-echo (c), axial T2-weighted single-shot 
echo-train spin-echo (d), and sagittal Tl-weighted postgadolinium 
interstitial-phase SGE (e) images in another patient demonstrate 
herniation of mesentery (black arrow, c) and intestinal segments 
(white thick arrows, c, e) through expanded inguinal canal (white 
thin arrows, c, e). Free fluid is also detected in the abdominal 
cavity and scrotum. 






Fig. 7.5 Spigelian hernia. Gadolinium-enhanced Tl-weighted SGE image (a) in a patient with spigelian hernia. A bowel- 
containing hernia sac (arrowheads, a) protrudes through a defect in the aponeurosis between the transversus and rectus muscles 
(solid arrows, a). The lateral margin of the hernia sac is the intact external oblique muscle and fascia (open arrow, a). Transverse 
immediate postgadolinium Tl-weighted SGE image (b) in a second patient. A spigelian hernia with protrusion of bowel contents 
(arrow, b) is noted in the right anterior abdomen. 





Fig. 7.6 Paraumbilical and incisional hernia. Sagittal Tl- 
weighted SGE image (a) shows signal-void air-containing bowel 
(arrowheads) in the subcutaneous tissues in a patient with a 
paraumbilical hernia. Coronal T2-weighted single-shot echo-train 
spin-echo (b) and Tl-weighted fat-suppressed interstitial-phase 
postgadolinium 3D-GE (c) images in another patient show the 
herniation of mesentery and intestinal segments (white thin 
arrows) through the abdominal wall defect (white thick arrows) 
created for colostomy (black arrow). 
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Fig. 7.7 Mesenteric cyst. Coronal Tl -weighted magnetiza- 
tion-prepared single-shot gradient echo (a), sagittal Tl -weighted 
SGE Qf), and immediate postgadolinium SGE (c) images. A large 
septated cystic mass (c, a, b) arising from the small bowel mesen- 
tery causes mass effect on the adjacent bowel (b, a, c), left kidney 
(k, b, c), and liver (1, a, b). Cysts that are low in signal intensity 
on Tl -weighted images (a, b) and high in signal intensity on T2- 
weighted images (not shown) are consistent with serous fluid. 
Immediately after intravenous gadolinium administration (capil- 
lary phase), the septae traversing the cyst enhance (arrowheads, 
c). These imaging characteristics are consistent with an uncompli- 
cated mesenteric cyst. 




Pseudocysts in the peritoneal cavity lack an epithe- 
lial or mesothelial lining. As localized collections of 
fluid, peritoneal pseudocysts may occur secondary to 
inflammatory processes such as perforated ulcerative 
colitis or appendicitis. Pseudocysts may be a rare com- 
plication of ventriculo-peritoneal shunt or indwelling 
peritoneal catheters [14]. In uncomplicated cases, they 
are low in signal intensity on Tl -weighted images and 
very high in signal intensity on T2 -weighted images. 
Contrast-enhanced Tl -weighted images surpass CT 
imaging and ultrasound by showing that the lesions are 
encapsulated and contain complex fluid and septations, 
and by defining the relationship of the pseudocyst to 
other organs and tissues by direct multiplanar imaging 
[15]. These findings are more apparent on gadolinium- 
enhanced fat-suppressed images. 

Lipomas and Mesenteric Lipomatosis 

Lipomas are benign tumors that rarely involve the peri- 
toneal cavity. Their imaging features parallel those of 



lipomas elsewhere in the body and are comparable to 
those of surrounding fat. These lesions are high in 
signal intensity on non-fat-suppressed Tl -weighted 
images. Because fat signal varies considerably on T2- 
weighted images depending on the sequence employed, 
comparison of the signal intensity of the lesion should 
be made to that of adjacent fat. Tl-weighted fat-sup- 
pressed SGE images will show loss of the tumor's signal 
intensity in comparison to non-fat-suppressed images, 
thereby definitively characterizing their fatty nature. On 
occasion, excessive proliferation of benign fat may 
occur within the mesentery, producing a mass effect on 
adjacent structures simulating malignancy. This benign 
process may be idiopathic or associated with cortico- 
steroid therapy, Cushing syndrome, or obesity [16, 17]. 
Cross-sectional imaging is helpful in identifying 
diffuse or focal prominence of mesenteric fat and 
excluding the presence of nonfatty soft tissue masses. 
The signal characteristics of this entity mimic those of 
benign lipomas [16]. 
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Endometriosis 

Endometriosis is denned as the presence of endometrial 
glands or stroma in abnormal locations outside of the 
uterus. The three imaging hallmarks of endometriosis are 
pelvic peritoneal endometrial implants, ovarian endome- 
triomas (endometriotic cysts), and adhesions. The most 
common peritoneal sites of involvement are, in decreas- 
ing order of frequency, the ovaries, uterine ligaments, 
cul-de-sac, and pelvic peritoneum reflected over the 
uterus, fallopian tubes, rectosigmoid region, and bladder. 
Rare extraperitoneal sites include the lungs and the central 
nervous system [18]. The pathogenesis of endometriosis 
remains controversial. It likely is related to induction and/ 



or transplantation of endometrial cells into the abdominal 
cavity [19]. Endometriomas have variable signal intensity 
but are commonly high in signal intensity on Tl -weighted 
images and heterogeneously high in signal intensity on 
T2-weighted images [20]. Protein and blood breakdown 
products tend to demonstrate a gradation of signal inten- 
sity on T2 -weighted images, which has been termed 
shading [20]. Noncontrast Tl -weighted fat-suppressed 
imaging is the most sensitive MRI technique for identify- 
ing endometriomas (fig. 7.8) [21]. Unfortunately, detecting 
small peritoneal endometriosis implants remains prob- 
lematic [22], although contrast-enhanced fat-suppressed 
imaging has met with mixed results. 





Fig. 7.8 Endometriosis. Tl-weighted fat-suppressed spin-echo image demonstrates high-signal-intensity foci of ovarian endo- 
metriomas (arrowheads) and smaller endometriosis implants adherent to the uterine serosa (arrows). Tl-weighted fat-suppressed 
spin-echo or SGE or 3D-GE technique is the most sensitive and specific sequence for detecting the blood product-laden deposits 
of endometriosis, u, Uterus. (Reprinted with permission from Ascher SM, Agrawal R, Bis KG, Brown E et al. Endometriosis: appear- 
ance and detection with conventional, fat-suppressed, and contrast-enhanced fat-suppressed spin-echo techniques. / Magn Reson 
Imaging 5: 251-257, 1995.) T2-weighted high-resolution fast spin-echo (£>), Tl-weighted fat-suppressed SGE (c), and Tl-weighted 
fat-suppressed interstitial-phase postgadolinium 3D-GE (d) images in another patient show a complex structure (arrows) composed 
of solid-cystic components and subacute stage blood products. The lesion does not demonstrate any enhancement and is located 
superior to the uterus and adjacent to the right adnexa. The diagnosis is consistent with endometrioma. There are also high-signal- 
intensity endometrial glands located in the myometrium, suggesting the presence of adenomyosis. Note free fluid located in the 
endometrial cavity and pelvis. 
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Desmoid Tumor (Aggressive Fibromatosis) 

Desmoid tumor is a rare gastrointestinal mesenchymal 
tumor whose biological behavior lies in the interface 
between exuberant fibroproliferations and low-grade 
fibrosarcoma. Diffuse mesenteric fibromatosis may arise 
in the postsurgical abdomen or spontaneously [23]. 
Desmoid tumors are locally invasive lesions that lack 
the ability to metastasize but tend to recur after incom- 
plete surgical excision [24]. Intra-abdominal desmoids 
tumors occur in the mesentery or the pelvic wall. These 
tumors may occur sporadically or in association with 
Gardner syndrome or familial adenomatous polyposis 
[25]. Grossly, desmoid tumors vary in size, from 1 to 
15 cm in greater diameter. In general, they are unicen- 
tric, infiltrative lesions with poorly defined borders 
(fig. 7.9). Discrete, well-circumscribed tumors also occur 
(fig. 7.9). Longstanding tumors are low in signal inten- 
sity on Tl- and T2-weighted images and enhance 
only minimally after intravenous gadolinium chelate 
(see fig. 7.9). In the acute phase, tumors may have 
regions of high signal intensity on T2-weighted images 
that also show heterogeneous increased enhancement 
(see fig. 7.9). 

Malignant Masses 

Diffuse Malignant Mesothelioma 

The term mesothelioma is generally used for a malig- 
nant tumor derived from mesothelial cells that line 
serous membranes (e.g., peritoneum, pleura). 

Diffuse malignant mesothelioma of the peritoneum 
is much less common than its counterpart involving the 
pleura. Heavy exposure to asbestos is an important risk 
factor. Diffuse malignant peritoneal mesotheliomas have 
also been described as a late complication of abdominal 
pelvic therapeutic radiation and after protracted recur- 
rent peritonitis [26]. In the beginning stages of disease, 
nodules or plaques of tumor may stud the peritoneal 
surfaces. In time, these lesions become confluent, 
encasing viscera and mesenteries in a thick mat of 
tumor. As peritoneal malignant mesothelioma spreads 
along serosal surfaces, it may invade underlying tissue, 
especially the wall of the intestine, and adjacent organs 
such as the liver (fig. 7.10). Peritoneal mesothelioma 
may be accompanied by intraperitoneal adhesions with 
dense fibrosis and shortening of the mesentery. Such a 
desmoplastic response within the mesentery is signified 
by rigid encasement of vessels and adjacent bowel, 
creating a stellate appearance on imaging [27-29]. The 
MR appearance of mesothelioma shows areas of solid 
tissue with cystic foci within as well as diffuse thicken- 
ing of the peritoneum alone. Low-grade mesotheliomas 
will show relatively well-defined margins (fig. 7.10). 
High-grade mesotheliomas show a more ill-defined 
infiltrative growth pattern (fig. 7.10). A distinctive feature 



of mesotheliomas may be the cystic foci interspaced 
through solid tumor, which may be unusual in many 
other forms of peritoneal disease (with the exception 
of ovarian cancer). Although coexistent pleural diseases 
may be present to aid in the correct diagnosis, we have 
generally observed peritoneal disease without pleural 
disease. 

Primary Peritoneal Carcinoma 

Primary peritoneal carcinoma (PPC) is a rare tumor 
histologically identical to epithelial ovarian carcinoma 
(EOC); it is differentiated from EOC based on the extent 
of gross ovarian involvement and microscopic invasion 
of the cortex [30]. PPC is a tumor that is often widely 
distributed over the peritoneal surfaces and is histo- 
pathologically indistinguishable from ovarian papillary 
serous carcinoma. However, in PPC, the ovaries may 
no longer be present (e.g., after ovariectomy), may 
appear normal, or may show only minimal surface 
involvement by tumor. One study evaluated the CT and 
MR imaging findings of PPC at initial presentation and 
recurrent disease [30]. The results showed that the most 
frequent findings were ascites, peritoneal thickening 
and enhancement, focal or diffuse peritoneal nodules, 
and bulky mass lesions [30]. Moreover, recurrent disease 
demonstrated similar findings compared to initial pre- 
sentation. Nevertheless, these imaging features are non- 
specific, and similar appearances are observed for 
metastatic peritoneal carcinomatosis, peritoneal tuber- 
culosis, lymphomatosis, and malignant mesothelioma 
[30] (fig. 7.11). 

Metastases 

Metastatic tumors that involve the peritoneum most 
commonly arise from the female genital tract, particu- 
larly the ovary, followed by colon, stomach, and pan- 
creas [31, 32]. The gross appearance of metastases 
ranges from single, well-defined nodules to diffuse peri- 
toneal thickening. Peritoneal metastases occasionally 
appear as large cystic masses with multiple septations 
and layering of low-signal proteinaceous material in a 
multitier fashion along the septations. This may be a 
distinctive appearance for cystic metastasis. Septations 
are best seen on T2-weighted single-shot echo-train 
spin-echo images. 

Dissemination occurs by several routes: contiguous 
spread, intraperitoneal seeding, hematogenous spread, 
and lymphatic dissemination [5, 33]. 

Contiguous Spread. Primary tumors that are 
highly invasive may involve adjacent viscera by contigu- 
ous extension [31, 34, 35]. This process of direct exten- 
sion is facilitated by the ligaments that interconnect the 
various organs (see Chapter 6, Gastrointestinal Tract, 
figs. 6.107-6.119). 
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Fig. 7.9 Desmoid tumor. Transverse 90-s second postgadolinium Tl-weighted fat-suppressed spin-echo id) and sagittal 10-min 
postgadolinium SGE (b) images in a woman with Gardner syndrome and intra-abdominal desmoid tumor. The right aspect of 
the mass enhances (arrowheads, a) more than the left aspect. The greater enhancement on the right reflects active disease. This 
large desmoid produces a mass effect on the kidneys (arrows, a, b). Imaging in the sagittal plane helps define the craniocaudal extent 
of the tumor. Transverse gadolinium-enhanced Tl-weighted fat-suppressed spin-echo image (c) in a second woman with Gardner 
syndrome and intra-abdominal desmoid tumor. The desmoid tumor (d, c) exhibits minimal enhancement, confirming its fibrous 
nature. Thin mural enhancement is apparent (arrow, c). On the basis of this image alone, the tumor could be mistaken for a 
cyst. T2-weighted images distinguish the two: a desmoid tumor remains low in signal intensity, whereas a cyst is high signal 
intensity. Transverse interstitial-phase postgadolinium Tl-weighted fat-suppressed SGE image (d) in a third patient with intra- 
abdominal desmoid tumor demonstrates a moderately enhancing mass (arrow, d). Coronal Tl-weighted SGE (e), axial Tl-weighted 
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Fig. 7.9 (Continued) fat-suppressed 3D-GE (/"), axial Tl-weighted fat-suppressed immediate postgadolinium 3D-GE (g), and 
coronal Tl-weighted fat-suppressed interstitial-phase postgadolinium 3D-GE (h) images in another patient demonstrate a small 
desmoid tumor (arrow) located in the mesentery. The tumor shows minimal but predominantly peripheral enhancement. 



Intraperitoneal Seeding. Seeding of body cavi- 
ties and surfaces may occur whenever a malignant 
tumor invades a natural cavity and gains entrance into 
an "open field." The peritoneal cavity is most frequently 
involved in this pathway of spread [36]. 

Peritoneal metastasis may appear as platelike, small 
nodular, or large nodular disease, or advanced disease 



as a combination of these patterns. MR is particularly 
well suited and superior to CT at showing platelike 
disease because tumor enhances moderately intensely 
and is well shown on gadolinium-enhanced Tl-weighted 
fat-suppressed images. The small nodular pattern may 
be more difficult to see on MRI than on CT, because of 
the lack of oral contrast on MRI compared to CT, and 






Fig. 7.10 Malignant mesothelioma of the peritoneum. Coronal T2-weighted SS-ETSE (a), transverse T2-weighted fat- 
suppressed SS-ETSE (b), transverse precontrast Tl-weighted SGE (c), and immediate (d) and 90-s (e) gadolinium-enhanced Tl- 
weighted fat-suppressed SGE images demonstrate a heterogeneous mass that arises from the peritoneal layer along the liver capsule 
and has well-defined margins and septations. Lack of central enhancement of the lesion is appreciated. These imaging features 
are consistent with a low-grade malignant mesothelioma. The location along the liver capsule simulates the appearance of a 
hepatic-origin lesion. T2-weighted SS-ETSE (/"), immediate postgadolinium Tl-weighted SGE (g), and Tl-weighted interstitial-phase 
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Fig. 7.10 (Continued) fat-suppressed SGE (h) images of the abdomen and coronal T2-weighted SS-ETSE (/), transverse T2- 
weighted SS-ETSE (/'), and Tl-weighted postgadolinium fat-suppressed SGE (k, /) images of the pelvis in a patient with diffuse 
malignant mesothelioma demonstrate extensive peritoneal involvement. Note also the presence of liver metastases (arrows, h). A 
complex cystic mass is appreciated in the pelvis (arrowhead, k). These imaging features are consistent with high-grade primary 





Fig. 7.10 (Continued) peritoneal mesothelioma. Tl-weighted fat-saturated interstitial-phase postgadolinium 3D-GE (rri) and 
Tl -weighted interstitial-phase postgadolinium water-excitation magnetization-prepared rapid gradient-echo (n) images at 3.0 T show 
prominent peritoneal thickening (arrows) and intense peritoneal enhancement (arrows) and ascites (a) in another patient. The 
findings are consistent with diffuse malignant peritoneal mesothelioma. 






Fig. 7.11 Primary peritoneal papillary carcinoma of the peritoneum. Transverse 90s gadolinium-enhanced fat-suppressed 
SGE (a) of the abdomen and 5- to 6-min transverse (b, c) and sagittal (d) gadolinium-enhanced fat-suppressed SGE images of the 
pelvis. Thin-volume diffuse peritoneal thickening with layering in the paracolic gutters (arrows, b) is noted in the abdomen. In the 
pelvis, a 2-cm cystic structure (arrow, c) is noted in the right pelvis. The sagittal projection confirms that the lesion is a cystic 
implant (arrow, d) by its oval configuration in both planes, unlike bowel, which would appear tubular in one of the projections. 
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the large nodular pattern is comparably shown on MRI 
and CT. Figure 7.12 demonstrates examples of the pat- 
terns of peritoneal metastases. The enhancement of 
peritoneal disease on MR is superior to that on CT, 
allowing for better detection, especially of thin-volume 
tumor [37, 38]. The most commonly affected areas are 
the rectovesical/rectovaginal fossa, sigmoid mesocolon, 
right paracolic gutter, and the small bowel mesentery 
near the ileocecal valve [5, 37]. Peritoneal seeding is 
particularly characteristic of ovarian carcinoma, when 
peritoneal surfaces become coated with a heavy glaze 
of tumor. Other malignancies that commonly spread in 
this manner include colon, stomach, and pancreatic 
carcinoma. Gadolinium-enhanced Tl -weighted fat-sup- 
pressed imaging is essential for demonstrating intraperi- 
toneal seeding. Both patterns of peritoneal involvement, 



whether focal metastatic nodules or confluent thicken- 
ing of peritoneal surfaces, stand out as high signal 
against the low signal intensity of the suppressed intra- 
peritoneal fat (figs. 7.13-7.26) [31, 38]. 

Breathing-independent T2-weighted single-shot 
echo-train spin-echo imaging is a useful complementary 
sequence to gadolinium-enhanced Tl -weighted fat- 
suppressed sequence for detecting peritoneal metastases 
(figs. 7.21 and 7.22). In a large series, gadolinium- 
enhanced Tl -weighted fat-suppressed SGE was shown 
to be superior to spiral CT for the detection of perito- 
neal disease [39], confirming findings in earlier studies 
[38, 40]. Orally and/or rectally administered contrast 
may improve delineation of bowel [41, 42], with water 
or enteric CT contrast having been used successfully. 
Intraluminal air should not be used at 1.5 T, because 






Fig. 7.12 Peritoneal seeding: thin platelike, small nodular, large nodular patterns and advanced disease. Fat- 
suppressed Tl-weighted postgadolinium SGE images (a, b) in a patient with ovarian cancer demonstrate platelike peritoneal metas- 
tasis (arrowheads, a, b). Fat-suppressed Tl-weighted postgadolinium SGE images (c, d, e) in a second patient with ovarian cancer 
demonstrates small nodular pattern of peritoneal seeding (arrows, c, d, e). T2-weighted fat-suppressed SS-ETSE (/"), Tl-weighted 
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Fig. 7.12 (Continued) SGE (g), and fat-suppressed Tl-weighted postgadolinium SGE (h) images in a third patient with ovarian 
cancer demonstrate large nodules consistent with peritoneal seeding (arrow,/). Tl-weighted fat-suppressed interstitial phase postg- 
adolinium axial (i,j, k) and sagittal (/) 3D-GE images at 3.0 T demonstrate thin platelike (white arrows) and small nodular (black 
arrow) peritoneal metastases in another patient. T2-weighted single-shot echo-train spin-echo (m) and Tl-weighted fat-suppressed 
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Fig. 7.12 (Continued) interstitial-phase postgadolinium 3D-GE (n, o) images in another patient show advanced peritoneal 
metastases that are characterized by prominent thickening and intense enhancement of peritoneal surfaces along the abdominal 
wall and intestines, and mesentery. 
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Fig. 7.13 Peritoneal metastases from ovarian cancer. T2-weighted SS-ETSE (a) and interstitial-phase gadolinium-enhanced 
fat-suppressed SGE (b, c) images in a patient with a history of ovarian cancer. There is a large volume of ascites associated with 
diffuse thickening and enhancement of peritoneal surfaces on interstitial-phase gadolinium-enhanced images. Omental metastases 
(arrows, c) are also appreciated. Coronal T2-weighted SS-ETSE (d), coronal (e), and transverse (/") interstitial-phase gadolinium- 
enhanced fat-suppressed SGE images in a second patient. Diffuse and irregular thickening and enhancement of the peritoneum is 
observed throughout the abdomen. There is nodular thickening and enhancement of the liver capsule and the diaphragm. The 
coronal projection facilitates detection of diaphragm-based metastases. A large subcapsular metastasis is present in the dome of the 
liver. 






Fig. 7.14 Peritoneal metastases from ovarian cancer. Transverse (a), coronal (£>), and sagittal (c) interstitial-phase gadolin- 
ium-enhanced fat-suppressed SGE images. There is diffuse enhancement of the peritoneal and serosal surfaces, with multiple peri- 
toneal and serosal-based cystic masses (arrows, a-c) throughout the abdomen consistent with metastases. Sagittal (d) and transverse 
(e) T2-weighted echo-train spin-echo and interstitial-phase gadolinium-enhanced fat-suppressed SGE (/") images in a second patient 
with ovarian cancer demonstrate the presence of a large metastatic heterogeneous mass in the pelvis that compresses the bladder. 
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Fig. 7.14 (Continued) T2-weighted fat-suppressed echo-train spin-echo (g) and SGE (h) images of the liver and interstitial-phase 
gadolinium-enhanced fat-suppressed SGE image in coronal (i) and transverse (/') planes of the midabdomen. A lobulated 4-cm peri- 
toneal implant along the gastrohepatic ligament is moderately high in signal intensity (arrow, g) and contrasts well with moderately 
low-signal-intensity liver. A subcapsular liver metastasis is also present (small arrow, g) that demonstrates a characteristic biconvex 
lens shape indicating its subcapsular location. Noncontrast SGE image shows a 2-cm low-signal-intensity peritoneal metastasis (arrow, 
h) that contrasts well with high-signal-intensity fat. Gadolinium-enhanced fat-suppressed SGE images demonstrate heterogeneous 
speckled enhancement of the mass (arrows, /, /). 



of susceptibility effects that may obscure both normal 
and diseased tissue on gradient-echo sequences. 
Peritoneal metastases along the liver capsule are also 
well shown on T2-weighted fat-suppressed echo-train 
spin-echo images because both the fat and liver are 
relatively low in signal intensity, rendering moderately 
high-signal-intensity peritoneal metastases conspicuous. 
Because breathing artifact is less problematic in the 
pelvis, peritoneal metastases also may be well shown 
with T2-weighted echo-train spin-echo imaging. The 
sagittal plane is particularly effective at showing implants 
along the bladder surface (fig. 7.25). 

Peritoneum- and serosa-based metastases must be 
distinguished from radiation changes, particularly in 
patients with gynecological malignancies. Multifocal 
lesions of peritoneal metastases, regardless of the 



primary tumor of origin, appear as moderately enhanc- 
ing masses with slight internal heterogeneity. They lack 
the round, oval, or tubular contours of bowel and the 
uniform enhancement of bowel wall, with the associ- 
ated lack of enhancement of the internal dot or stripe 
of bowel lumen. 

Omental metastases frequently coexist in patients 
with peritoneal metastases. Four imaging patterns of 
omental involvement have been described: rounded, 
cakelike, ill-defined, and stellate [28, 43]. Regardless of 
contour, these masses enhance after intravenous gado- 
linium administration (fig. 7.26). Distinction from hyper- 
trophied omentum due to varices in the setting of 
cirrhosis and portal hypertension can be made by the 
observation of irregular-enhancing soft tissue on gado- 
linium-enhanced fat-suppressed SGE images in the 
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Fig. 7.15 Peritoneal metastases from ovarian cancer. Transverse T2-weighted SS-ETSE (a), transverse Tl-weighted SGE (£>), 
coronal T2-weighted SS-ETSE (c), and delayed postgadolinium Tl-weighted fat-suppressed SGE (d) images in a patient with ovarian 
cancer demonstrate multiple liver and peritoneal metastases. The largest masses exhibit multiple thin septations that are well shown 
on single-shot T2-weighted images and reveal enhancement after gadolinium. 



setting of tumor and presence of curvilinear-enhancing 
vessels in omental hypertrophy. The concomitant use 
of fat suppression emphasizes the presence of ill-defined 
soft tissue in tumor, and the lack of soft tissue in varices, 
because the bulky omentum is predominantly fatty in 
the latter condition and becomes very low in signal on 
fat-suppressed images, except for the thin curvilinear 
vessels (fig. 7.27). 



metastasize hematogenously to invade structures within 
the peritoneal cavity. Tumor emboli traverse the 
mesenteric arteries to the antimesenteric border of 
the bowel. Hematogenous metastases to bowel are 
manifest as intramural nodules (see Chapter 6, Gastroin- 
testinal Tract, fig. 6.59) [32]. These lesions appear as 
small enhancing nodules on gadolinium-enhanced Tl- 
weighted fat-suppressed SGE or 3D-GE. 



Hematogenous Spread. Many malignancies includ- 
ing breast and lung carcinoma and melanoma may 



Lymphatic Dissemination. Although permeation 
of the lymphatic system is the most common route for 
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Fig. 7.16 Peritoneal metastases from cholangiocarci- 
noma. Transverse (a) and sagittal (b) T2-weighted SS-ETSE and 
transverse (c) and sagittal (d) postgadolinium Tl -weighted fat- 
suppressed SGE images in a patient with cholangiocarcinoma 
demonstrate an intraperitoneal cystic mass with septations. 
Septations and layering low-intensity material are well shown on 
T2-weighted images (a, b) but not well seen on Tl-weighted 
images (c, d). 




initial dissemination of carcinomas, sarcomas may also 
spread via this route. The presence of mesenteric disease 
is more typical of non-Hodgkin lymphoma than other 
malignancies. The morphologic features of involved 
lymph nodes are variable. Pathologic lymph nodes may 
form large confluent masses that encircle the splanchnic 
vessels, the "sandwich sign." Alternatively, a profusion 
of small, normal-sized, 1-cm lymph nodes may predomi- 



nate [44-46]. Whereas the former pattern suggests the 
diagnosis of lymphoma, the latter is nonspecific. MRI 
has an advantage over other cross-sectional modalities 
in that the signal intensity of the mesenteric lymph 
nodes on T2 -weighted images and the degree of con- 
trast enhancement reflect their biological activity: tissue 
that is low in signal intensity on T2-weighted images 
with minimal contrast enhancement may suggest fibrosis 
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Fig. 7.17 Peritoneal metastases from appendiceal carcinoma. Transverse 90-s postgadolinium fat-suppressed SGE (a, b) 
images in a patient with appendiceal carcinoma. A large volume of ascites is present within the abdomen and pelvis. Extensive 
serosal and peritoneal enhancement is noted, associated with thickening of small bowel loops. 




Fig. 7.18 Peritoneal metastases from colon cancer. 

Sagittal T2-weighted SS-ETSE (a) and sagittal (b) and transverse (c) 
interstitial-phase gadolinium-enhanced fat-suppressed SGE images 
in a patient with colon cancer. There is a large heterogeneous 
metastasis (arrows, a-c) in the pelvis, anterior to the uterus and 
superior to the bladder, surrounded by fluid. 




MASS LESIONS 



927 





Fig. 7.19 Metastatic immature teratoma. Coronal Tl -weighted magnetization-prepared gradient echo (a), transverse Tl- 
weighted fat-suppressed spin-echo (£>), and transverse gadolinium-enhanced Tl -weighted fat-suppressed SGE (c) images in a patient 
with metastatic immature teratoma. The primary tumor (open arrow, a) originates in the ovary and has spread to the peritoneal 
cavity (arrowheads, a). The unenhanced fat-suppressed image highlights the nonlipomatous metastases (m, b). After gadolinium 
administration, extensive metastases along peritoneal and serosal surfaces are appreciated (arrows, c). 




Fig. 7.20 Metastatic yolk sac tumor. Transverse 512- 
resolution T2-weighted echo-train spin-echo image in a patient 
with metastatic yolk sac tumor. Ovarian yolk sac tumors spread 
to the peritoneum (solid arrows), omentum, and retroperitoneal 
lymph nodes (open arrow). 
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Fig. 7.21 Metastatic pancreatic cancer. Transverse (a) and 
coronal (b) T2-weighted single-shot echo-train spin-echo and inter- 
stitial-phase gadolinium-enhanced Tl-weighted fat-suppressed 
SGE (c) images in a patient with metastatic pancreatic adenocar- 
cinoma. The T2-weighted images show a mass in the right lower 
quadrant (arrows, a, b). After intravenous contrast, the serosal and 
peritoneal metastases enhance (long arrows, c). Incidental note is 
made of an enhancing bone metastasis in the left ilium (short 
arrow, c). Sagittal (d) and transverse (e) interstitial-phase gadolin- 
ium-enhanced fat-suppressed SGE images in a second patient with 
neuroendocrine pancreatic tumor. There are multiple peritoneum- 
based metastases throughout the pelvis. Diffuse peritoneal and 
serosal enhancement is present throughout the peritoneal cavity, 
consistent with large-volume peritoneal metastases. Virtually no 
uninvolved intraperitoneal or mesenteric fat is present, as the 
entire contents of the peritoneal cavity at this level enhance sub- 
stantially. The sagittal projection is effective at showing metastases 
along the lower anterior peritoneum (arrows, d). 







Fig. 7.22 Peritoneal metastases from sarcomas. Coronal SS-ETSE (a) and interstitial-phase gadolinium-enhanced Tl-weighted 
fat-suppressed SGE (b, c) images in a patient with synovial sarcoma. The coronal T2-weighted image demonstrates a large subcap- 
sular liver metastasis (large arrow, a) and a 2-cm peritoneal metastasis (small arrow, a) medial to the ascending colon. The gado- 
linium-enhanced fat-suppressed image demonstrates moderate uniform enhancement of this metastatic deposit (arrow, b). On a 
higher tomographic section through the pelvis, a 6-mm moderately enhancing metastatic deposit is well shown (arrow, c). Coronal 
T2-weighted SS-ETSE (d) and coronal interstitial-phase gadolinium-enhanced fat-suppressed SGE (e) images in a second patient, 
who has dermatofibrosarcoma. There is a very large, centrally located abdominal soft tissue mass (arrows, d) that displaces 
the liver superiorly and the stomach superiorly and laterally. This mass is mildly hyperintense with small high-signal foci on T2- 
weighted image (d) and has heterogeneous enhancement on the postgadolinium image (e). Coronal T2-weighted SS-ETSE (/") and 
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Fig. 7.22 (Continued) gadolinium-enhanced magnetization- 
prepared gradient-echo (g) images in a third patient, who has 
metastatic osteosarcoma. There is a large heterogeneous mass in 
the left upper quadrant, which has central necrosis. Multiple peri- 
toneal metastases are also present (arrows, g). 






Fig. 7.23 Extensive peritoneal disease in patients with leiomyosarcoma. Transverse T2-weighted ETSE (a) and transverse 
(b) and sagittal (c) interstitial-phase gadolinium-enhanced fat-suppressed SGE images. A large volume of ascites is present. There is 
thickening and enhancement of the peritoneal surfaces consistent with metastatic disease. Multiple metastatic deposits are present 
within the anterior abdominal wall (arrow, c). Interstitial-phase gadolinium-enhanced fat-suppressed Tl -weighted SGE images 
(d, e) in a patient with leiomyosarcoma demonstrate diffuse peritoneal and serosal enhancement throughout the peritoneal cavity 
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Fig. 7.23 (Continued) consistent with large-volume perito- 
neal metastases. Virtually no uninvolved intraperitoneal or mesen- 
teric fat is present, as the entire contents of the peritoneal cavity 
at this level enhance substantially. 





Fig. 7.24 Peritoneal metastatic masses from hepatocel- 
lular carcinoma. SGE (a), immediate postgadolinium SGE (£>), 
and interstitial-phase gadolinium-enhanced fat-suppressed SGE (c) 
images in a patient with hepatocellular carcinoma. There are two 
large metastases in the right abdomen. The larger mass is applied 
to the medial aspect of the right colon (arrow, a), and the other 
abuts and extends into the abdominal wall (arrow, c). These 
lesions show mild and heterogeneous enhancement after gado- 
linium administration. 
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Fig. 7.25 Peritoneal metastases from non-ovary gyneco- 
logical malignancies. Coronal T2-weighted SS-ETSE (a), trans- 
verse (b) and sagittal (c) 512-resolution T2-weighted echo-train 
spin-echo, and interstitial-phase gadolinium-enhanced SGE (d) 
images in a patient with fallopian tube carcinoma. Extensive peri- 
toneum-based metastases are present that appear intermediate in 
signal intensity on T2-weighted images (a-c). The coronal image 
demonstrates an irregular layer of metastatic deposit measuring 
up to 2 cm in thickness along the diaphragmatic surface and the 
liver capsule (small arrows, a). Bulky peritoneal metastases are 
present in the left lower abdomen (large arrow, a) and in the 
pelvis. The transverse high-resolution T2-weighted image demon- 
strates extensive bulky peritoneal metastases (arrows, b). 
Peritoneal seeding along the peritoneal reflection over the bladder 
(b, c) is well shown on the sagittal plane image (small arrows, c). 
Heterogeneous and moderate enhancement of the metastases is 
shown on the gadolinium-enhanced fat-suppressed SGE image 
obtained at the midabdomen level (d). Interstitial-phase gadolin- 
ium-enhanced fat-suppressed SGE image (e) in a second patient 
who has endometrial stromal sarcoma demonstrates extensive 
peritoneal involvement including multiple peritoneal nodules 
(arrows, e). 








Fig. 7.26 Omental metastases. Transverse gadolinium-enhanced Tl-weighted fat-suppressed spin-echo images in a patient 
with metastatic ovarian carcinoma (a) and metastatic leiomyosarcoma (b). The enhancing "omental cake" (arrowheads, a, b) is 
characteristic of metastatic ovarian carcinoma, but also may be seen with other malignant diseases. Enhancing peritoneal tumor 
deposits (arrow, a) are rendered very conspicuous with suppression of background fat. MRI is superior to CT imaging in detecting 
small peritoneum-based disease. Interstitial-phase gadolinium-enhanced fat-suppressed Tl-weighted SGE images (c-e) in a third 
patient with adenocarcinoma demonstrate similar findings. The peritoneum is thickened and enhances intensely (arrows, c, d). 
Tl-weighted fat-suppressed interstitial-phase postgadolinium 3D-GE images (f-i) in another patient show multiple omental metas- 
tases (white arrows), and thin platelike and small nodular peritoneal metastases (black arrow, g). 




Fig. 7.26 (Continued) 






Fig. 7.27 Omental hypertrophy due to varices in the setting of cirrhosis. SGE (a) and 90s postgadolinium fat-suppressed 
SGE (b) images in a patient with cirrhosis. The omentum is enlarged on the basis of hypertrophy in the setting of portal hyperten- 
sion. This is shown on postgadolinium fat-suppressed images by demonstration of suppression of the omentum and enhancement 
of thin curvilinear vessels. Note also that the liver is cirrhotic and other features of portal hypertension such as splenomegaly and 
ascites are present. 
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rather than recurrent or persistent tumor. Evaluation 
of degree of contrast enhancement is aided by using 
Tl -weighted fat-suppressed techniques. Various MRI 
techniques are effective at demonstrating mesenteric 
lymph nodes. The most consistent demonstration of 
lymph nodes is with 2- to 5-min gadolinium-enhanced 
Tl -weighted fat-suppressed gradient-echo images. Pre- 



contrast Tl -weighted fat-suppressed images show most 
clearly the distinction between mesenteric lymph nodes, 
which appear intermediate signal intensity, and pan- 
creas, which appears high signal intensity (fig. 7.28). 
Imaging in multiple planes including sagittal and/or 
coronal helps distinguish rounded lymph nodes from 
tubular bowel loops (see fig. 7.28). 




Fig. 7.28 Mesenteric adenopathy. Tl-weighted fat- 
suppressed spin-echo image (a) demonstrates an intermediate- 
signal-intensity lymph node (long arrow, a) that is clearly 
distinguished from high-signal-intensity pancreas (short arrow, a). 
Coronal (£>), sagittal (c), and transverse (d) T2-weighted SS-ETSE 
and transverse 1-min postgadolinium Tl-weighted SGE (e) images 
in a patient with Burkitt lymphoma demonstrate multiple masses 
throughout the peritoneal cavity. The largest mass within the 
mesentery shows heterogeneous enhancement and lies anterior 
to the aorta and both kidneys (small arrows, e) and invades the 
anterior abdominal wall. Involvement of the head of the pancreas 
is also present (large arrow, e). Multiple additional mesenteric 
masses measuring up to 3.0cm in size are also seen. Note the 
presence of a retroperitoneal mass (long arrow, b) that lies poste- 
rior to the right kidney and an abdominal wall mass (short arrow, 
b) in close proximity. The sagittal plane image demonstrates a 
pelvic mass (arrow, c) superior to the uterus. 




(d) 
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Pseudomyxoma peritonei 

Pseudomyxoma peritonei is a distinctive form of meta- 
static disease in which the peritoneal cavity becomes 
distended with tenacious, viscous mucinous material. 
The primary tumor is usually a malignant neoplasm of 
the appendix, ovary, or pancreas [47]. The appendix is 
the primary site of origin of pseudomyxoma in the vast 
majority of cases [48]. The gelatinous deposits coat the 
peritoneal surfaces and characteristically indent and 
scallop the liver margin (fig. 7.29) [49, 50]. The enhance- 
ment of even a thick volume of disease may be difficult 
to appreciate on CT compared to MRI (see fig. 7.29). 
Septae are also common [31]. 

Carcinoid Tumors 

Intestinal carcinoid tumor may involve the mesentery 
and produce a characteristic appearance [51]. The 
release of 5-hydroxytryptophan and serotonin secreted 
by tumor cells incites a desmoplastic reaction. The result 
is an irregular, indurated soft tissue mass in the root of 
the mesentery with associated radiating soft tissue 
strands [52, 53]. Calcification may be present in up to 
70% of tumors [54]. Non-fat-suppressed Tl -weighted 
images are effective at showing these tumors. The 
tumors appear as low-signal-intensity masses against 
the high-signal-intensity mesenteric fat (fig. 7.30). T2- 
weighted single-shot echo-train spin-echo sequences 
also demonstrate low-signal-intensity tissue in a back- 
ground of high-signal-intensity fat (see fig. 7.30). Fat- 
suppressed noncontrast Tl -weighted images reduce the 
contrast between the fibrotic tumor and fat. The des- 
moplastic nature of this tumor results in minimal 
enhancement with gadolinium (see fig. 7.30). 



INTRAPERITONEAL FLUID 

Ascites 

Ascites is defined as the collection of excess fluid in the 
peritoneal cavity. Ascites results from overproduction, 
impaired resorption, or leakage of fluid. It is a common 
manifestation of many diseases: cirrhosis, pancreatitis, 
obstruction (venous or lymphatic), inflammation, low- 
albumin states, malignancy, and trauma. The signal 
intensity of the fluid, a function of its protein content, 
coupled with its distribution, can suggest the underlying 
etiology. Simple transudates are low in signal intensity 
on Tl -weighted sequences and very high in signal 
intensity on T2-weighted images (fig. 7.31), whereas 
exudates, blood, and enteric contents will have higher 
signal intensity on Tl -weighted images and more vari- 
able signal intensity on T2-weighted images [2, 55-57] 
(figs. 7.32 and 7.33). Benign processes favor the greater 
sac, whereas malignant fluid tends to involve the greater 



and lesser sacs proportionally [2, 3] (fig. 7.34), although 
exceptions are common. In simple ascites, small and 
large bowel tend to float to the anterior abdomen in a 
central location (fig. 7.35). Malignant or inflammatory 
ascites tends to tether the bowel in different locations 
depending on the distribution of the disease process. 
Breathing-independent T2-weighted imaging is effective 
in evaluating the distribution and presence of ascites in 
uncooperative patients and young children (fig. 7.36). 
Multiplanar imaging facilitates the evaluation of ascites 
distribution within various abdominal compartments 
(fig. 7.37). Artif actual heterogeneity of signal in ascites 
is not uncommon, presumably reflecting dephrasing of 
signal from breathing-related motion. 

Intraperitoneal Blood 

Intraperitoneal blood most frequently occurs in the 
setting of trauma. MRI can readily distinguish blood 
from ascites. The age of hemorrhage can be determined 
because of the distinctive signal intensity features of 
hemoglobin as it undergoes progressive degradation. 
Balci et al. [58] described the MR features of acute intra- 
abdominal hemorrhage. Acute blood (<48h), in the 
form of deoxyhemoglobin, is low in signal intensity on 
both Tl- and T2-weighted images (fig. 7.38). From 48 h 
to 7 days methemoglobin may be observed that is high 
signal on Tl- and low or high signal on T2-weighted 
images. The very low signal of deoxyhemoglobin and 
intracellular methemoglobin on T2-weighted images is 
very distinctive, and observation of very low-signal sub- 
stance in the peritoneal cavity should raise the clinical 
concern of acute and early subacute hemorrhage, 
respectively. The near signal void of these blood prod- 
ucts can be distinguished from the signal void of air on 
T2-weighted images, either because of different signal 
on Tl -weighted images or because blood tends to be 
observed in a dependent location, whereas air is 
observed in a nondependent location. Late subacute 
hemorrhage, in the form of extracellular methemoglo- 
bin, is high in signal intensity on Tl- and T2-weighted 
images (fig. 7.39). Fat suppression accentuates the con- 
spicuity of this finding. Hematomas also may demon- 
strate heterogeneity related to hemoglobin breakdown 
products admixed with blood. Not infrequently, a high- 
signal-intensity rim surrounding a low signal-intensity 
center is seen with subacute hematomas (fig. 7.40). A 
structure with a high-signal rim on noncontrast Tl- 
weighted images is characteristic of subacute hema- 
toma. This distinctive imaging feature represents 
extracellular methemoglobin encircling the retracting 
clot [591 As hematomas age, a low-signal-intensity rim 
develops around the hematoma on both Tl- and T2- 
weighted sequences. This rim corresponds to hemosid- 
erin and/or fibrosis. 
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Fig. 7.29 Pseudomyxoma peritonei. SGE (a), T2-weighted fat-suppressed echo-train spin-echo (£>), immediate (c) and inter- 
stitial-phase (d) postgadolinium SGE, and coronal precontrast SGE (e) and 5-min postgadolinium SGE (/") images in a patient with 
pseudomyxoma peritonei secondary to rupture of an appendiceal mucinous cystadenocarcinoma. On precontrast Tl -weighted SGE 
(a) and T2-weighted fat-suppressed echo-train spin-echo (b) images, the gelatinous material surrounding the liver has regions in 
which the signal intensity resembles that of simple ascites. However, the characteristic scalloping of the liver margin (arrowheads, 
a-f) coupled with the enhancement of the material (open arrows, c, d, /) filling the abdomen establishes the correct diagnosis. 
Free fluid within the abdomen does not enhance. Coronal images (e,/) provide a global view of the disease extent and demonstrate 
subdiaphragmatic disease well. Coronal (g) and transverse (h) interstitial-phase gadolinium-enhanced fat-suppressed SGE images in 
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Fig. 7.29 (Continued) a second patient, who also has appendiceal mucinous cystadenocarcinoma. A large volume of ascites 
with extensive peritoneal enhancement is observed, associated with scalloping of the liver surface, features that are characteristic 
of pseudomyxoma peritonei. Postcontrast CT (i, 7) and gadolinium-enhanced fat-suppressed Tl-weighted SGE (k, /) images in a 
patient with ovarian cancer. MR images demonstrate thick, extensive peritoneal metastases (k, /), which encase the ascending 
colon (arrows, /). CT images suggest that there is only thin-volume peritoneal involvement (i, 7). 
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Fig. 7.30 Metastases of carcinoid tumor. SGE (a), T2-weighted SS-ETSE (&), coronal T2-weighted SS-ETSE (c), and 90-s post- 
gadolinium fat-suppressed SGE (d) images in a patient with a carcinoid tumor of the small bowel. Breath-hold Tl-weighted SGE 
images are well suited for imaging the low-signal-intensity metastasis in the root of the small bowel mesentery (arrows, a); the 
radiating strands are highlighted by the surrounding high signal intensity of the intra-abdominal fat. The desmoplastic nature of 
these tumors is emphasized by low signal intensity on T2-weighted images (arrows, b, c) and only modest enhancement after intra- 
venous contrast (arrows, d). Coronal T2-weighted SS-ETSE (e) and interstitial-phase gadolinium-enhanced fat-suppressed SGE (/") 
images in a second patient with mesenteric metastasis from carcinoid tumor demonstrate a spiculated mass (arrows, e, /) with thin 
radiating linear strands that extend into the mesentery, which are caused by a desmoplastic fibrous reaction in the surrounding 
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Fig. 7.30 (Continued) tissue. T2-weighted SS-ETSE (g) and interstitial-phase gadolinium-enhanced fat-suppressed Tl-weighted 
SGE (h) images in a third patient with a carcinoid tumor of the ileum demonstrate similar findings (arrowhead, g). 



Fig. 7.31 Ascites. T2-weighted SS-ETSE image in a patient 
with simple transudative ascites. High-signal-intensity ascites (a) 
surrounds the abdominal viscera. The liver is low in signal inten- 
sity secondary to iron overload from multiple transfusions. 






Fig. 7.32 Postsurgical intraperitoneal air and fluid. Transverse T2-weighted SS-ETSE (a) and SGE (£>) images in a patient 
with a recent history of surgery demonstrate the presence of pneumoperitoneum and ascites. Note that air is invariably located 
along the most elevated surface in structures. 




Fig. 7.33 High-protein-content ascites, adhesions. Sagittal (a) and transverse (b) T2-weighted SS-ETSE and transverse 
interstitial-phase gadolinium-enhanced fat-suppressed SGE (c) images. A large volume of ascites is seen within the pelvis. In the 
posterior cul-de-sac, a fluid-fluid level is seen on the T2-weighted image with the dependent fluid layer being low in signal, which 
is consistent with high protein content. Sagittal T2-weighted SS-ETSE image (d) in a second patient demonstrates a large volume 
of ascites in the pelvis with multiple thin septations (small arrows, d) and a focal collection of proteinaceous material in the vesi- 
corectal space. Low signal in the dependent portion of the bladder (large arrow, d) represents gadolinium. 





Fig. 7.34 Lesser sac involvement in malignant disease. T2-weighted SS-ETSE (a) and 90-s postgadolinium fat-suppressed 
SGE Qf) images. There is a dominant fluid collection in the lesser sac (arrows, a), which contains multiple septations and multiple 
fluid-fluid levels from proteinaceous debris as shown on the T2-weighted image (a). The gadolinium-enhanced fat-suppressed image 
(b), obtained at the same anatomic level, shows the lesser sac collection but not the internal septations. A thin layer of enhancing 
peritoneal disease (arrow, b) is appreciated on the gadolinium-enhanced fat-suppressed image that is not apparent on the T2- 
weighted image. 
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Fig. 7.35 Benign ascites. SGE image demonstrates that 
small and large bowel have floated anteriorly in a central loca- 
tion. This confirms that ascites is simple, because no tethering 
of bowel from malignant or inflammatory adhesions has 
occurred. 




Fig. 7.36 Ascites in a neonate. Coronal SS-ETSE image 
clearly shows the liver and centrally lying bowel. The central 
position of the bowel reflects the simple nature of the ascites. 



Intraperitoneal Bile 

Free intraperitoneal bile is usually the result of surgery 
[60]. When present in small amounts, it is clinically 
occult. However, in the setting of duct injury, bile 
leakage may result in a biloma or bile peritonitis [60] 
(fig. 7.41). Free bile preferentially collects in the right 
upper quadrant, where it incites an inflammatory reac- 
tion. A biloma results if the bile is walled off by a 
pseudocapsule and adhesions. The signal intensity of a 
biloma is variable and mimics that of the gallbladder. 
Bilomas may be low, intermediate, or high in signal 
intensity on Tl -weighted images. They are high in 




Fig. 7.37 Mediastinal extension of ascites. Coronal 
SSETSE (a) and transverse 45-s postgadolinium fat-suppressed 
SGE (b) images. On the coronal image, ascites is noted along 
the surfaces of the liver and enlarged spleen (small arrows, a) 
and mediastinal extension of the fluid is apparent (long arrows, 
a). On the gadolinium-enhanced transverse image, the encap- 
sulated collection of ascites in the posterior mediastinum is 
shown (small arrows, b) and close approximation to the esoph- 
agus (long arrow, b) is apparent. 



signal intensity on T2-weighted images. Enhancement 
of peritoneum on gadolinium-enhanced Tl-weighted 
images reflects the inflammation associated with bile 
leak (fig. 7.42). 

Intraperitoneal Urine 

Bladder rupture leads to extravasation of urine. The loca- 
tion of the free urine is a function of whether the dome 
or the bladder base is injured. If the base is compro- 
mised, urine collects extraperitoneally, whereas injury to 
the dome results in intraperitoneal urine, also known as 
urine ascites. On unenhanced images, the signal intensity 
of urine ascites is nonspecific. Contrast administration 
establishes the diagnosis as high-signal-intensity gado- 
linium chelate in urine leaks into the peritoneal cavity. 
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Fig. 7.38 Intraperitoneal acute blood. SGE (a), T2-weighted 
fat-suppressed spin-echo (£>), and 1-min postgadolinium SGE (c) 
images in a patient status post percutaneous liver biopsy. Fluid 
(arrows, a-c) surrounding the liver exhibits the signal character- 
istics of acute blood (deoxyhemoglobin): isointense or low signal 
intensity on Tl -weighted images and very low signal intensity on 
T2-weighted images. 





Fig. 7.39 Intraperitoneal blood. Tl-weighted fat-suppressed spin-echo image id) in a woman 1 week after hysterectomy. 
There is a high-signal-intensity collection in the right pelvis, consistent with acute blood (large arrow). Tl-weighted fat suppression 
is particularly sensitive for the detection of blood, but extracellular methemoglobin must be distinguished from the high-signal- 
intensity proteinaceous intraluminal bowel contents (small arrows). T2-weighted short tau inversion recovery (£>), Tl-weighted 
fat-suppressed SGE (c), and Tl-weighted interstitial-phase postgadolinium magnetization-prepared rapid gradient-echo (d) images 
demonstrate acute hemorrhagic pancreatitis in another patient. There is free fluid (f) in the abdominal cavity demonstrating high 





Fig. 7.39 (Continued) signal both on T2-weighted (b) and fat-suppressed Tl-weighted image (c), which is consistent with 
bloody ascites. The enlarged pancreas shows low signal on T2-weighted image (b) and high signal on Tl-weighted image (c), which 
is consistent with hemorrhagic pancreatitis. The enhancement pattern is also relatively homogeneous on postgadolinium 
image (d). 





Fig. 7.40 Pelvic hematoma. Transverse (a) and sagittal (b) interstitial-phase gadolinium-enhanced Tl-weighted SGE images in 
a patient after splenic injury. Subacute hematomas usually have a low-signal-intensity core with a high-signal-intensity surrounding 
rim (arrows, a, b) on Tl-weighted images. These imaging characteristics reflect the retracting clot surrounded by extracellular 
methemoglobin. b, Bladder; f, free pelvic fluid. 





Fig. 7.41 Biloma. T2-weighted fat-suppressed SS-ETSE (a) and 90-s postgadolinium fat-suppressed SGE (£>) images in a patient 
after right hepatectomy demonstrate a cystic mass along the resected surface of the left lobe (arrow, a), consistent with biloma. 
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Fig. 7.42 Infected biloma. T2-weighted fat-suppressed SS-ETSE (a) and 90-s postgadolinium fat-suppressed SGE (£>) images. 
There is a fluid collection in the region of the gallbladder fossa that appears somewhat loculated and complex, as evidenced by a 
fluid-debris level (arrow, a) on the T2-weighted image. Note that debris has an irregular linear interface with fluid, unlike high- 
protein-content ascites, which has a sharp linear fluid-fluid level. A moderate amount of perihepatic ascites is also present, associated 
with increased peritoneal enhancement. The patient had a recent history of cholecystectomy, and these findings are consistent 
with infected biloma with peritonitis. 



INTRAPERITONEAL FOREIGN 
BODIES 

Retained Surgical Sponge (Gossypiboma) 

Gossypiboma is a term used to describe a mass in the 
body that contains retained surgical sponges and reac- 
tive tissue. The term derives from the Latin gossipium 
and the Kiswahili boma, which mean "cotton" and a 
"place of concealment," respectively. A review of 6l 
retained foreign bodies in 54 patients over 16 years 
revealed that 69% of the retained substances were surgi- 
cal sponges [61]. The sponges are inert in human tissue 
and do not undergo decomposition. There are two 
types of foreign body reaction at histopathology: an 
exudative reaction leading to abscess formation or fluid 
collection and an aseptic fibrinous reaction resulting in 
adhesion, encapsulation, and eventual formation of 
granulomas of various sizes. Owing to frequently non- 
specific and variable imaging appearances, accurate 
diagnosis of a gossypiboma may be difficult [61]. The 
CT findings of gossypiboma include characteristically 
wavy, striped, and/or spotted appearances, a well- 
defined round mass with a thick wall, internal hetero- 
geneous densities, and an eccentric high patch. CT 
imaging is superior to MRI in detecting retained surgical 
sponge because sponge manufacturers impregnate 
sponges with material that appears high density on CT 
and therefore is readily detectable. At present, manufac- 
turers have not included material that is high signal on 
MRI, and the low signal of these entities is very difficult 
to appreciate on MRI (fig. 7.43). 



Intraperitoneal Catheter 

Intraperitoneal catheters are well shown on CT images 
because of their radiopaque structure. On MRI, cathe- 
ters are generally signal void. Determination of location 
of catheters is therefore better performed with CT. 
Injection of gadolinium into the catheter improves the 
visibility of catheters and related complications on MR 
images [62]. 

Cocoon 

A localized collection of inflammatory debris may 
develop around tubes or catheters (e.g., CSF-peritoneal 
shunt or indwelling peritoneal catheters) within the 
peritoneal cavity, with development of a pseudocap- 
sule. This entity is termed a cocoon (fig. 7.44). 



VASCULAR DISEASE 

In general, abnormalities in the splanchnic circulation 
are well shown on postgadolinium fat-suppressed SGE 
images (fig. 7.45). Micro varices within the peritoneal 
lining and omental hypertrophy are commonly observed 
in patients with cirrhosis and portal venous hyperten- 
sion. Microvarices of the peritoneum can be difficult to 
distinguish from either inflammatory or neoplastic peri- 
toneal disease. Distinctive features of microvarices on 
gadolinium-enhanced Tl -weighted fat-suppressed SGE 
include the observation of curvilinear, small tubular 
structures and extension of some of these curvilinear 
structures into retroperitoneal fat (fig. 7.46). In contrast 
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Fig. 7.43 Intraperitoneal retained surgical sponge. 

Precontrast CT image (a) in a patient with intra-abdominal surgical 
sponge demonstrates intra-abdominal calcified focus (arrow, a) 
that is very difficult to appreciate on Tl -weighted SGE (£>) and 
T2-weighted fat-suppressed SS-ETSE (c) images. 




to micro varices, neither distinct curvilinear tubular struc- 
tures nor their extension into retroperitoneal fat is visu- 
alized in inflammatory or malignant peritoneal disease. 



INFLAMMATION 

Mesenteric Panniculitis (Isolated 
Lipodystrophy of the Mesentery, 
Retractile Mesenteritis, Sclerosing 
Mesenteritis) 

Mesenteric panniculitis is a rare disorder characterized 
grossly by a diffuse, localized, or multinodular fibrofatty 
thickening of the mesentery of the small and/or large 
bowel. The disorder is notable for a spectrum of patho- 
logic changes within the mesentery including inflamma- 
tory infiltrates, fat necrosis, and fibrosis [63-65]. Although 
the etiology of mesenteric panniculitis is unclear, infec- 
tion, trauma, ischemia, autoimmune disorders, and a 
history of previous abdominal surgery have been sug- 



gested as causative factors [64, 66, 67]. The diagnosis of 
mesenteric panniculitis is supported by the absence of 
pancreatitis, the most common cause of intra-abdominal 
fat necrosis, and inflammatory bowel disease. The 
changes in the mesentery may be focal or diffuse. When 
diffuse, the mesenteric fat is traversed by low-signal- 
intensity strands on Tl -weighted images [67] (fig. 7.47). 
In the focal form, heterogeneous nodular masses of fat 
necrosis are noted. These lesions exhibit varying 
amounts of fat, fluid, calcification, and soft tissue [67, 
68]. A variety of malignant, inflammatory, or infectious 
etiologies may result in inflammation of the mesentery, 
which may produce an imaging appearance indistin- 
guishable from that of mesenteric panniculitis. The dif- 
ferential diagnosis includes lymphoma, desmoid tumor, 
carcinomatosis, and carcinoid tumor [66]. 

Pancreatitis 

Acute pancreatitis is defined as an acute inflammatory 
condition of the pancreas, which typically presents with 
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Fig. 7.44 Pseudocyst surrounding peritoneal catheter (cocoon). Coronal T2-weighted SS-ETSE image from adjacent planes 
(a, b; b is more anterior) and 90-s postgadolinium SGE (c) image. A 14-cm encapsulated debris-containing pseudocyst is present in 
the midabdomen, immediately beneath the liver. A low-signal-intensity pseudocapsule surrounds the lesion (long arrows, a, £>).The 
peritoneal catheter is identified within the cocoon (small arrows, a, b). A substantial volume of particulate debris is present (a-c), 
which is shown to layer on the transverse gadolinium-enhanced SGE image (c). Outside CT imaging study had been interpreted as 
demonstrating a hepatocellular carcinoma (HCC). T2-weighted SS-ESTSE (d), SGE (e), and 90-s postgadolinium fat-suppressed SGE 
(/") images in a second patient with a peritoneal dialysis catheter demonstrate a large, multiseptated encapsulated fluid collection 
(arrows, d). This fluid collection has an enhancing rim on postgadolinium images (/") and extends from the level of the pancreas 
inferiorly into the upper pelvis. 
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Fig. 7.45 Enlarged collateral of the superior mesenteric 
vein. Coronal 90-s postgadolinium fat-suppressed SGE image dem- 
onstrates an enlarged tortuous collateral vessel of the superior 
mesenteric vein (arrows). 






Fig. 7.46 Omental hypertrophy and peritoneal varices. SGE (a) and interstitial-phase gadolinium-enhanced fat-suppressed 
SGE (b) images in a cirrhotic patient demonstrate marked hypertrophy of the omentum. On the SGE image, the hypertrophied 
omentum is high signal (arrows, a). On the gadolinium-enhanced fat-suppressed image (£>), small tubular structures consistent with 
microvarices are identified. Interstitial-phase gadolinium-enhanced fat-suppressed SGE (c) image in a second patient shows features 
similar to those described above. Fatty tissue anterior and along the lateral liver capsule represents hypertrophied omentum con- 
taining vessels. The liver is cirrhotic, and the spleen is enlarged and contains multiple Gamna-Gandy bodies. Interstitial-phase 
gadolinium-enhanced fat-suppressed SGE (d, e) images in a third cirrhotic patient demonstrate the presence of peritoneal varices 
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Fig. 7.46 (Continued) that appear as enhancing peritoneum 
in the pericolic gutters, simulating peritoneal metastases. Note 
that occasional vessels perforate the peritoneum and extend into 
the retroperitoneum (arrows, d, e), establishing the diagnosis of 
microvarices. Tl -weighted fat-suppressed interstitial-phase postg- 
adolinium 3D-GE images (f, g) at 3.0 T in another patient with 
cirrhosis demonstrate omental hypertrophy (white thin arrows), 
mesenteric-omental-peritoneal varices (black arrows), patent para- 
umbilical vein (white thick arrow), and ascites (a). 



abdominal pain and is associated with elevated levels 
of pancreatic enzymes (especially lipase and amylase) 
in blood and urine. 

Patients with pancreatitis usually present with extra- 
pancreatic fluid collections, preferentially in the lesser 
sac [2]. The enzyme-laden fluid also may dissect into 
the abdominal cavity and retroperitoneum. Not infre- 
quently, fluid tracks along tissue planes to localize 
subcapsularly in the liver and/or spleen. Precontrast 
Tl-weighted fat-suppressed SGE or 3D-GE imaging is 
particularly effective at demonstrating the presence of 
blood in hemorrhagic pancreatitic ascites (fig. 7.39). The 
peritoneum typically enhances on gadolinium-enhanced 
Tl-weighted fat-suppressed images because of the 
caustic nature of the activated pancreatic enzyme- 
containing fluid. 

Peritonitis 

Peritonitis may be caused by a variety of infectious or 
noninfectious causes, many of which are related to 
bowel perforation. Trauma, complications of surgery, 



inflammatory bowel disease, and peritoneal dialysis 
are common underlying causes. Peritonitis appears as 
diffuse increased enhancement of the peritoneum and 
mesentery and is most clearly defined on interstitial- 
phase gadolinium-enhanced fat-suppressed SGE or 
3D-GE images (figs. 7.48, 7.49, and 7.50). 

Pseudocysts may develop in the setting of peritonitis 
as walled-off collections of fluid. In uncomplicated 
cases, they are low in signal intensity on Tl-weighted 
images and very high in signal intensity on T2-weighted 
images. Complex fluid is characterized by increased 
signal on Tl-weighted images, decreased or heteroge- 
neous signal on T2-weighted images, or a combination 
of both. Gadolinium-enhanced Tl-weighted images 
reveal increased enhancement and occasionally increased 
thickness of the inflamed peritoneum, which is more 
conspicuous in combination with fat suppression. 

Abscess 

Intra-abdominal abscesses are most often the sequelae 
of gastrointestinal or biliary surgery, diverticulitis, and 
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Fig. 7.47 Mesenteric lipodystrophy. Tl -weighted SGE 
image (a) demonstrates low-signal-intensity stranding in the fat of 
the mesentery (long arrows, a) consistent with mesenteric lipo- 
dystrophy. A small ventral hernia is also present (arrow, a). 
Coronal Tl -weighted SGE (£>) and T2-weighted single-shot echo- 
train spin-echo (c), axial Tl -weighted SGE (d), and axial Tl- 
weighted fat-suppressed interstitial-phase postgadolinium 3D-GE 
(e) images at 3.0 T in another patient show mesenteric panniculitis 
(arrows, b-e). There is stranding (arrows, b-e) along the mesen- 
tery that demonstrates low signal intensity both on Tl -weighted 
SGE images and T2-weighted images and mild to moderate 
enhancement on postgadolinium image. 
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Fig. 7.48 Tuberculous peritonitis. Coronal T2-weighted 
SSETSE (a), transverse (£>), and sagittal (c) interstitial-phase gadolin- 
ium-enhanced fat-suppressed Tl -weighted SGE images in a second 
patient, who has tuberculous peritonitis. A large volume of ascites 
is present. Multiple loops of thickened small bowel are appreciated 
(short arrows, a). The mesentery is infiltrated and intermediate in 
signal intensity (long arrows, a) on the T2-weighted image (a). The 
mesenteric vessels are closely bundled (long arrow, £>), reflecting 
adherence of the vessels to each other secondary to the inflamma- 
tory process. Terminal branches of the mesenteric vessels (arrows, 
c) fan out to the thickened loops of small bowel, creating a spoke- 
wheel type pattern on the sagittal image. Increased enhancement 
and mild increased thickness of the peritoneum with peritoneum- 
based nodules (small arrow, b) are also appreciated. The appearance 
is that of retractile mesenteritis, which can be caused by a number 
of etiologies including tuberculosis. 



Crohn disease [69]. In the appropriate clinical setting, a 
focal fluid collection that demonstrates rim enhance- 
ment on gadolinium-enhanced images suggests the 
correct diagnosis. The addition of fat suppression and 
image acquisition at 2-5 min after injection (interstitial 
phase) can highlight the enhancement of the abscess 
wall and surrounding tissues (figs. 7.51, 7.52, and 7.53). 
Layering of lower-signal-intensity debris in the depen- 
dent portion of the cystic lesion on T2 -weighted images 
is a common finding in abscesses, reflecting the layering 
of high protein content dependently in abscesses (fig. 
7.54). This is a very specific finding for abscess. When 
air is identified within a fluid collection, active infection 



and/or fistula to the bowel (fig. 7.55) is present. The 
combination of breathing-independent T2-weighted 
echo-train spin-echo, gadolinium-enhanced capillary- 
phase Tl -weighted gradient-echo, interstitial-phase fat- 
suppressed gradient-echo, and multiplanar imaging 
renders MRI a very accurate technique for detecting 
intraperitoneal abscesses. MRI may be the technique of 
choice in patients who have dense intraluminal barium 
contrast, renal failure, or allergy to iodine. Noone et al. 
[70] reported an accuracy of 96% in detecting intraperi- 
toneal abscesses by MR. Multiplanar imaging is also 
effective at showing the oval-shaped abscess collec- 
tions, to distinguish them from tubular shaped bowel 
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Fig. 7.49 Peritonitis. Transverse T2-weighted SS-ETSE (a) 
and transverse (b) and sagittal (c) interstitial-phase gadolinium- 
enhanced SGE images. There is a large volume of ascites seen 
throughout the abdomen. The ascites in the pelvis appears 
complex, containing septations (arrows, a), best shown on the 
single-shot T2-weighted sequence (a) and increased peritoneal 
enhancement, shown on the gadolinium-enhanced fat-suppressed 
images (b, c), consistent with peritonitis. Continuity of the large 
volume of ascites extends through a low ventral hernia (arrow, c) 
into the anterior upper thigh. Transverse T2-weighted SS-ETSE (d) 
and gadolinium-enhanced fat-suppressed Tl -weighted SGE (e) 
images of a pregnant patient with peritonitis secondary to Crohn 
disease. Inflammatory debris in the peritoneal cavity is best visual- 
ized on T2-weighted SS-ETSE image (arrowheads, dy, increased 
peritoneal enhancement is demonstrated on gadolinium-enhanced 
fat-suppressed SGE images (arrowheads, e). Thickened bowel 
wall is also appreciated (arrows, d, e). T2-weighted single-shot 




INFLAMMATION 



953 





Fig. 7.49 (Continued) echo-train spin-echo (/"), Tl -weighted 
fat-suppressed interstitial-phase postgadolinium SGE (g, h) images 
in another patient with peritonitis demonstrate ascites containing 
septations (black arrows,/) and diffuse peritoneal thickening and 
intense enhancement (white arrows, g, h). 





Fig. 7.50 Chemical peritonitis. Interstitial-phase gadolinium-enhanced SGE images from the midabdomen (a) and pelvis (b) 
in a patient with chemical peritonitis secondary to intraperitoneal administration of chemotherapeutic agents. Diffuse increased 
enhancement is present of peritoneal, mesenteric, and serosal surfaces, which has resulted in adherence of bowel loops to each 
other and linear enhancing strands in the mesentery. Bowel loops and mesenteric planes are ill-defined because of the generalized 
inflammatory process. 
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Fig. 7.51 Intra-abdominal abscess. Interstitial-phase gadolinium-enhanced Tl -weighted SGE (a) and interstitial-phase gado- 
linium-enhanced Tl-weighted fat-suppressed spin-echo (b) images in a patient with clinical suspicion of an abscess. Multiple locu- 
lated abscess collections are present along the liver capsule and in the right midabdomen (a, £>).The thick enhancing rims 
(arrowheads, a, b) are characteristic of the reactive inflammatory capsules associated with abscesses. Sagittal T2-weighted single- 
shot echo-train spin-echo (c) and sagittal Tl-weighted fat-suppressed interstitial-phase postgadolinium 3D-GE (d) images show an 
intra-abdominal abscess (arrows) in a post-liver transplantation patient. The abscess has a low-signal-intensity peripheral rim and 
relatively homogenous high-signal-intensity internal content on T2-weighted image (c), and it shows intense peripheral enhancement 
on the postgadolinium image (d). T2-weighted single-shot echo-train spin-echo (e) and Tl-weighted fat-suppressed interstitial phase 
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Fig. 7.51 (Continued) postgadolinium 3D-GE (/") images demonstrate two small abscesses in a patient with diverticulitis. The 
abscesses are adjacent to the sigmoid colon. They show high signal intensity on T2-weighted image (e) and peripheral enhancement 
on postgadolinium image (/"). 





Fig. 7.52 Abdominal abscess. Coronal (a) and transverse (b) T2-weighted SS-ETSE and transverse interstitial-phase gadolinium- 
enhanced fat-suppressed SGE (c, d) images. Within the left hemiabdomen, there is an extremely large fluid collection (arrows, a) 




Fig. 7.52 (Continued) extending from the lesser sac inferiorly into the pelvis along the left anterior pararenal space. Within 
the pelvis, it crosses the midline through a narrow track to communicate with another collection located in the right lower quadrant 
(arrows, b). All these fluid collections possess thick enhancing walls (arrows, c, d) and have layering debris on T2-weighted images 
(a, b), consistent with abscesses. Coronal (e) and transverse (/") T2-weighted SS-ETSE and gadolinium-enhanced fat-suppressed SGE 
(g) images in a second patient, who has an abscess postsplenectomy, demonstrate a large complex fluid collection adjacent to the 
tail of the pancreas. There is low-signal debris layering in the dependent portion of the fluid collection on the T2-weighted images 
(arrows, e, /) and prominent rim enhancement on the gadolinium-enhanced fat-suppressed image (arrow, g). 





Fig. 7.53 Appendiceal abscess. Sagittal (a) and transverse (b) interstitial-phase gadolinium-enhanced fat-suppressed SGE 
images in a patient who underwent appendectomy. A large multilocular fluid-containing abscess (arrows, b) is seen in the right 
lower quadrant of the abdomen associated with substantial enhancement of the surrounding tissues. 
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Fig. 7.54 Pelvic abscess. Tl-weighted fat-suppressed spin- 
echo (a), T2-weighted fat-suppressed spin-echo (£>), and sagittal 
gadolinium-enhanced Tl-weighted fat-suppressed SGE (c) images 
in a patient with fever and an elevated white blood cell count. A 
complex fluid collection (arrowheads, a,b)is demonstrated in the 
pelvis. The variable signal intensity on the Tl-weighted images 
reflects its protein content (a, c). On the T2-weighted image (£>), 
low-signal-intensity debris layers in the dependent portion of the 
abscess. A focus of signal-void air is present (arrow, a), which is 
not uncommonly observed in abscesses. After contrast administra- 
tion, the wall of the abscess enhances substantially (arrows, c). 
(bladder = b, b, c). Sagittal (d) and transverse (e) T2-weighted 
SS-ETSE images in a second patient show a fluid collection in the 
cul-de-sac that exhibits layering of low-signal material on T2- 
weighted images (arrows, d, e), consistent with abscess. A lesser 
volume of nonloculated fluid is also observed around the uterus. 
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Fig. 7.54 (Continued) Sagittal and axial T2-weighted high-resolution fast spin-echo (f, g), sagittal and axial Tl-weighted inter- 
stitial-phase fat-suppressed 3D-GE (h, f) images show a pelvic abscess located posterior to the bladder and anterior to the sacrum 
in another patient who underwent abdominopelvic resection for rectal cancer. The abscess has a thick and irregular wall (black 
arrows,/, g), fluid-fluid level (white thin arrows, g), and free air (white thick arrows, g, f). The thick wall and adjacent soft tissue 
demonstrates intense enhancement on postgadolinium images. The thick wall may be a sign of residual tumor as well. Adjacent 
soft tissue inflammation may be a sign of inflammation secondary to the operation, fibrosis secondary to radiation therapy or residual 
tumoral tissue. Note that bone marrow in the sacrum shows fatty infiltration secondary to radiation therapy. There are also a Foley 
catheter and air in the bladder. 



REFERENCES 



959 





Fig. 7.55 Pelvic abscess and fistulas. Sagittal T2-weighted echo-train spin-echo (a), sagittal gadolinium-enhanced Tl-weighted 
SGE (b) and axial (c) and sagittal (d) gadolinium-enhanced Tl-weighted fat-suppressed spin-echo images in a patient with cervical 
cancer who had undergone high-dose radiation therapy. Tumor necrosis, fistula, and abscess formation are not uncommon compli- 
cations of radiation therapy. A large pelvic cavity is present with communication between bladder, uterus, and rectum, which is 
clearly defined on the sagittal plane images (a, b, d). The rectal wall is substantially thickened, and submucosal edema is well 
shown as high signal intensity on the T2-weighted image (a). The signal-void regions in the abscess cavity represent air associated 
with the superior and low inferior rectal fistulas (open arrow, a and solid arrow, d, respectively) and superimposed infection. There 
is wide communication of the abscess cavity with the bladder. After intravenous gadolinium administration, high-signal-intensity 
contrast (open arrow, c) exits the bladder through the large fistula (black arrows, c) and pools in the abscess. Portions of the uterine 
corpus and cervix have undergone necrosis; the uterine fundus remains. The posterior wall of the cervix and vagina (open arrow, 
b, d) is best shown on the sagittal gadolinium-enhanced Tl-weighted fat-suppressed spin-echo image, r, Rectum; u, uterine fundus; 
b, bladder. 



[71]. The sagittal plane is essential in evaluating the 
pelvis for abscesses, as the relationship to pelvic organs 
is optimal and layering of low-signal material on T2- 
weighted images is clearly observed in this projection. 



T2-weighted sequences has substantially improved the 
diagnostic usefulness of MRI. Currently, MRI is useful for 
evaluating and characterizing diaphragmatic hernias, 
cysts, pseudocysts, endometriosis, peritoneal carcinoma- 
tosis, and intra-abdominal fluid collections. 



CONCLUSIONS 



MRI has become increasingly effective in evaluating 
diseases involving the peritoneum. This reflects MRI's 
multiplanar capabilities, robust scanning techniques, and 
sensitivity to intravenous contrast enhancement. The 
implementation of gadolinium-enhanced fat-suppressed 
SGE and 3D-GE sequences and breathing-independent 
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ADRENAL GLANDS 



ERSAN ALTUN, NIKOLAOS L. KELEKIS, JORGE ELIAS, JR., 
PENAMPAI TANNAPHAI, WAQAS QURESHI, and RICHARD C. SEMELKA 



NORMAL ANATOMY 



The adrenal glands are paired organs that lie in the 
retroperitoneum superomedial to the kidneys. The right 
adrenal gland is located medial to the right lobe of the 
liver, lateral to the right cms of the diaphragm, and 
posterior to the inferior vena cava (IVC). The left adrenal 
gland is situated posterior to the splenic vein and medial 
to the left cms of the diaphragm. The adrenal glands 
are a composite of two endocrine organs, cortex and 
medulla, the former steroid producing and the latter 
catecholamine producing. 



MRI TECHNIQUE 



Techniques that have been employed to examine the 
adrenal glands include T2 -weighted non-fat-suppressed 
and fat-suppressed single-shot echo-train spin-echo, Tl- 
weighted in-phase and out-of-phase SGE or 3D-GE, 
Tl -weighted fat-suppressed SGE or 3D-GE, and serial 
gadolinium-enhanced SGE or 3D-GE Tl -weighted fat- 
suppressed sequences [1-26]. The intention of most of 



these techniques has been to distinguish benign from 
malignant disease. The approach that appears most reli- 
able is the combined use of in-phase and out-of-phase 
gradient-echo techniques [9-20, 22, 23, 26]. Benign 
adenomas have been shown to lose signal intensity on 
out-of-phase images because of the presence of intra- 
cytoplasmic lipid [9-20, 22, 23, 26]. Metastatic lesions 
do not contain intracytoplasmic lipid, and therefore do 
not lose signal intensity on out-of-phase images [9-20, 
22, 23, 26]. It is important to use an out-of-phase tech- 
nique without concomitant use of frequency-selective 
fat suppression because fat suppression will cause mini- 
mization of signal dropout [27]. The best approach is 
to use SGE or 3D-GE [8] technique for both in-phase 
and out-of-phase imaging. The only variation between 
sequences should be the echo time (TE), with a TE of 
4.2-4.5 ms for in-phase imaging and a TE of 2.2-2.7 ms 
for out-of-phase imaging at 1.5 T. On the newest MR 
systems, double-echo (in-phase and out-of-phase) 
sequences are available that thereby allow accurate 
comparison between in-phase and out-of-phase images 
because images are accurate at the same time at the 
identical level. Use of a longer TE (e.g., 6-7 ms) for 
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out-of-phase imaging is less ideal because it introduces 
T2* signal loss. Current software on modern MR systems 
results in homogeneous fat suppression consistently sur- 
rounding the adrenal glands on Tl -weighted images, 
rendering excellent detail of subtle adrenal gland mor- 
phology, especially at 3.0 T, which benefits from the 
ability to acquire even thinner sections of adequate 
image quality (2mm) [28]; 3.0 T imaging facilitates 
improved spatial resolution for imaging the adrenal 
glands. This permits better definition of small mass 
lesions. On the other hand, at the present time, drop in 
signal is less visually apparent at 3.0 T compared to 1.5 T 
on out-of-phase images, which makes the visual recog- 
nition of low-lipid-content adenomas more challenging 
at 3.0 T [28]. Different Tl contrast resolution of 3.0 T MR 
imaging and the inability to use exact in-phase/out-of- 
phase TE times at 3.0 T impair the ability to detect fat 
content in the lesions at 3.0T in a consistent fashion, 
particularly in small lesions. For this reason, it may be 
prudent to employ a breath-hold modified Dixon method 
at 3.0 T, in addition to in- and out-of-phase images, as 
a more quantified fat content measurement can be made 
with this sequence. Overlap, however, exists between 
benign and malignant masses with combined in-phase 
and out-of-phase techniques [11-15, 17-20]. This is 
because not all benign adrenal adenomas contain intra- 
cytoplasmic lipid [15-20] and benign masses of other 
etiologies (e.g., granulomatous disease) do not contain 
lipid. There are also rare instances of malignant masses, 
namely adrenal cortical carcinomas and renal cell cancer 
metastases, which may contain intracytoplasmic lipid 
and show drop in signal intensity on out-of-phase 
images [29-33]. The normal adrenal cortex contains 
abundant lipid, which is not, however, demonstrated on 
in-phase and out-of-phase MR imaging [25]. 

Serial postgadolinium gradient-echo imaging may 
provide supplemental information to distinguish benign 
from malignant adrenal masses [6, 7]. Metastases tend 
to enhance more heterogeneously and retain gadolin- 
ium contrast for a more prolonged period than benign 
adenomas. Chung et al. [34] have reported on the 
appearance of benign and malignant adrenal masses on 
images acquired in the capillary phase of enhancement. 
They observed that 70% of benign adenomas exhibited 
a relatively intense homogeneous capillary blush, 
whereas none of the malignant tumors did so. Overlap 
exists, however, in the enhancement features of metas- 
tases and adenomas [11, 18, 34]. Adenomas and metas- 
tases may both enhance heterogeneously on immediate 
postgadolinium images [34], and desmoplastic metasta- 
ses enhance minimally [8]. The intensity of enhance- 
ment of normal adrenal tissue and adrenal adenomas 
may vary [8, 18, 35]. In fact, the normal adrenals and 
adrenal adenomas exhibit a capillary phase blush. 
Optimal timing to observe this blush is in the hepatic 



arterial dominant phase of liver enhancement, with 
contrast in portal veins and not yet in hepatic veins [36]. 
The capillary phase appears to last slightly shorter for 
the adrenals than for the pancreas, which may simply 
reflect a smaller capillary bed. 

Regarding T2-weighted imaging, high-resolution 
MR sequences may demonstrate corticomedullary dif- 
ferentiation in the normal gland, which is not present 
on Tl-weighted sequences [25]. Metastases frequently 
possess a longer T2 and are brighter on T2-weighted 
images than adenomas. Substantial overlap exists 
between benign and malignant masses with this tech- 
nique [4, 5, 11]. Signal intensity on T2-weighted images 
depends on the fluid content, predominantly in the 
interstitial space, of the mass. Desmoplastic neoplasms 
have low fluid content and therefore low signal inten- 
sity, whereas some benign lesions have high fluid 
content and are high in signal intensity [11]. Visual per- 
ception of signal intensity on T2-weighted images is 
also problematic. Most adrenal masses appear at least 
moderately high in signal intensity on fat-suppressed 
T2-weighted images because the rendering of fat low 
signal intensity results in rescaling of the signal intensi- 
ties of abdominal organs. For similar reasons of signal 
intensity scaling, most adrenal masses appear moder- 
ately low in signal intensity on T2-weighted echo-train 
spin-echo sequences because of the high signal inten- 
sity of background fat. 

Because no single technique is more than 90% 
accurate, a useful approach is to combine in-phase and 
out-of-phase images with other techniques to increase 
the confidence of lesion characterization. The combina- 
tion with capillary-phase gadolinium-enhanced imaging 
may provide the most consistent results for distinguish- 
ing adenoma from metastases [34]. 

The demonstration of normal adrenal glands and 
small adrenal masses is well performed with Tl-weighted 
fat-suppressed imaging (fig. 8.1) [8, 12]. The demon- 
stration of renal corticomedullary difference on either 
noncontrast Tl-weighted fat-suppressed images or 
immediate postgadolinium GE images is helpful in dis- 
tinguishing adrenal from renal tumors [13, 31]. The 
multiplanar imaging capability of MRI is also useful for 
assessing large tumors in the region of the upper pole 
of the kidney to determine intra- or extrarenal origin by 
imaging in the coronal or sagittal plane [31, 37]. Sagittal- 
plane imaging is preferred to coronal-plane imaging 
[31]. The use of thin-section 3D-GE in one plane of 
acquisition permits reconstruction of data in other 
planes to define the location of lesions. The relationship 
between mass, kidney, and liver or spleen is shown in 
profile in the sagittal plane (fig. 8.2) and en face in the 
coronal plane. Origin of tumor is better evaluated when 
the orientation between these structures is viewed in 
profile, because partial volume effects may be observed 
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Fig. 8.1 Normal adrenals. Coronal T2-weighted HASTE (a),Tl-weighted GE (&), Tl-weighted fat-suppressed GE (c), Tl- 
weighted out-of-phase GE (d), HASTE (e), immediate postgadolinium Tl GE (/), and 90-s postgadolinium Tl fat-suppressed GE (g) 
images. 
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Fig. 8.1 (Continued) Tl-weighted GE (Z?),Tl-weighted fat-suppressed GE (i), HASTE (j), immediate postgadolinium Tl GE (k), 
and 90-s postgadolinium Tl fat-suppressed GE (/) images. Relative to normal liver, normal adrenal glands are typically mildly hypoin- 
tense on Tl in-phase images (b, h), are isointense with a signal-void rim on Tl out-of-phase images (c), are well defined and isoin- 
tense on Tl-weighted fat-suppressed images (d, i), are isointense on T2 images (a, e,j), enhance homogeneously on immediate 
postgadolinium images (/, &), and fade to isointensity with liver on delayed images (g, /). Tl-weighted SGE (rn), Tl-weighted 
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Fig. 8.1 (Continued) fat-suppressed 3D-GE (n), Tl-weighted postgadolinium hepatic arterial dominant-phase (o), and interstitial- 
phase (p) fat-suppressed 3D-GE images demonstrate the normal right adrenal gland in another patient. Note the capillary blush in 
the right adrenal gland. Tl-weighted SGE (q), Tl-weighted fat-suppressed 3D-GE (r), Tl-weighted postgadolinium hepatic arterial 



968 



Chapter 8 ADRENAL GLANDS 





Fig. 8.1 (Continued) dominant-phase (s), and interstitial-phase (0 fat-suppressed 3D-GE images at 3.0 T demonstrate bilateral 
normal adrenal glands in another patient. Note the capillary blush in adrenals. This capillary blush appears to have a shorter dura- 
tion than observed in pancreas. Coronal T2-weighted single-shot echo-train spin-echo (u), transverse Tl-weighted fat-suppressed 
3D-GE (v), transverse Tl-weighted postgadolinium early hepatic venous phase fat-suppressed 3D-GE (w), and coronal Tl-weighted 
interstitial phase fat-suppressed 3D-GE (pc) images demonstrate bilateral normal adrenal glands in another patient. Coronal acquisi- 
tions are helpful for the evaluation of adrenal glands. 
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when the organ margins are viewed en face [31]. T2- 
weighted images provide information on fluid content 
of adrenal lesions, and are essential in examining for 
pheochromocytomas, as their fluid content is consis- 
tently higher than that of other adrenal masses. 



MASS LESIONS 

Diseases of the adrenal glands may affect the cortex or 
medulla. Diseases of the adrenal cortex can be divided 
essentially into three categories: 1) disorders associated 
with hyperfunction and steroid excess, 2) disorders that 
reduce the output of adrenal steroid, and 3) lesions that 
have no functional effect. Hyperfunctioning diseases 
may result from adrenal hyperplasia as well as from 
benign or malignant tumors. Many mass lesions possess 




Fig. 8.2 Adrenal mass. Adrenal mass is shown in the 
sagittal plane. Sagittal-plane GE image demonstrates an adrenal 
adenoma (arrow) that is clearly separated from kidney and 
spleen (s). 



a distinctive MR imaging appearance, which can be 
described by evaluating the combination of Tl, T2, and 
early and late postgadolinium images (Table 8.1). 

Cortical Lesions 

Benign 

Hyperplasia. The majority (70%) of patients with 
Cushing syndrome have adrenal cortical hyperplasia 
secondary to an ACTH-producing pituitary micro- 
adenoma (Cushing disease). Adrenal hyperplasia is 
also identified in the context of systematic illness, 
acromegaly, hyperthyroidism, hypertension, diabetes, 
depression, and malignant disease. Hyperplasia of the 
adrenal cortex results secondarily to overstimulation of 
the cortex by ACTH. Primary hyperplasia is relatively 
uncommon. 

Adrenal hyperplasia usually results in bilateral 
adrenal enlargement, diffuse or nodular, with mainte- 
nance of adreniform shape (fig. 8.3). Unilateral adrenal 
enlargement may, however, also occur [38]. The adrenal 
glands may also appear normal in size [12]. Hyperplastic 
glands usually contain microscopic nodules, but macro- 
scopic nodules (12 cm) may be observed [12]. In primary 
pigmented nodular adrenal dysplasia, multiple tiny 
(2-5 mm) nodules may be seen bilaterally, with no 
overall glandular enlargement and normal intervening 
adrenal tissue. In ACTH-independent macronodular 
adrenal hyperplasia, both glands may be grossly enlarged 
and contain larger nodules [391 Hyperplastic adrenal 
glands have signal intensity appearances similar to those 
of normal adrenals on all MR imaging sequences [12]. 

Adenomas. Adenomas are usually small neo- 
plasms, less than 5 cm, characteristically solitary and 
well-encapsulated. Adrenal adenomas are the most 
common adrenal masses and can be divided into two 



Table 8.1 


Pattern Recognition: 


Adrenal Lesions 










T1 
In-Phase 


T1 Out-of- 
Phase 


T2 


Early Gd 


Late Gd 


Other Features 


Adenoma 




i-T 


\L- — nI'nL' 


0-T 


Homogeneous 
intense 


Fade 


80% drop in signal on out-of-phase; 
70% have a homogeneous 
intense capillary blush; 


Metastases 




i-T 





0-t 


Heterogeneous, 
variable 


Heterogeneous, 
variable 


Heterogeneity increases with 
increase in lesion size. 


Pheochromocytoma 


1-0 





T-TT 


Variable, usually 
minimal 


Variable 


Heterogeneous and hyperintense on 
T2-WI; Minimal enhancement with 
gadolinium 


Adrenal Cortical 
Carcinoma 




i-T 


I (portions) 


T 


T Heterogeneous 


Fade 


Hemorrhagic and necrotic areas; 
portions of the tumor may drop on 
out-of-phase images 


Lymphoma 













Minimal 


Minimal 


Mild heterogeneity on all sequences. 



ii, Moderately to markedly decreased; i, mildly decreased; 0, isointense; T, mildly increased; TT, moderately to mildly increased. 




Fig. 8.3 Adrenal hyperplasia. Tl-weighted GE (a), Tl- 
weighted out-of-phase GE (£>), and T2-weighted fat suppressed 
HASTE (c) images. The left adrenal is diffusely enlarged, and the 
adrenaliform shape is maintained. It is isointense to the liver on 
Tl (a), drops significantly in signal intensity on out-of-phase (&), 
and is slightly hypointense on T2 fat-suppressed (c) image. The 
presence of water and fat in the same voxel results in the findings 
on out-of-phase images. Tl-weighted postgadolinium hepatic arte- 
rial dominant-phase (d, e) and interstitial-phase (/) fat-suppressed 
3D-GE images demonstrate congenital adrenal hyperplasia in 
another patient. Bilateral adrenal glands are diffusely enlarged, 
maintaining their adrenaliform shape, and show diffusely intense 
enhancement. Tl-weighted postgadolinium interstitial-phase 
water-excitation magnetization-prepared gradient-echo image (g) 
at 3.0 T demonstrates diffusely enlarged bilateral adrenal glands 
that maintain their adrenaliform shapes in another patient with 
congenital adrenal hyperplasia. 
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categories: nonhyperfunctioning and hyperfunctioning. 
Nonhyperfunctioning adenomas are more frequent than 
hyperfunctioning adenomas. Many adrenal adenomas 
are found incidentally at autopsy, in 2-8% of autopsy 
cases, or discovered by imaging studies performed for 
other reasons. Increased incidence has been reported 
in patients who are elderly, obese, or hypertensive or 
have primary malignancies of bladder, kidney, and 
endometrium. They may rarely be combined with 
myelolipomas [39, 40]. Hyperfunctioning adenomas are 
usually larger than 2 cm in diameter and are commonly 
Cortisol secreting. The majority of adenomas are homo- 
geneously iso- or hypointense in comparison to the 
normal adrenal gland on T2- weighted images (fig. 8.4), 
whereas adrenal metastases tend to be hyperintense 
[1-5]. Contrast enhancement on immediate postgado- 
linium images is variable and ranges from minimal (figs. 
8.4-8.6) to moderately intense (figs. 8.7-8.12) [8, 11, 18]. 
Uniform enhancement of the entire lesion on immediate 
postgadolinium capillary-phase images is common for 
adenomas, reported in one series in 70% of cases [34], 
and rare for other entities. On serial postgadolinium 
images, rapid washout of contrast may be a feature 
more typical of benign than malignant masses (fig. 8.7) 
[6, 7]; however, variation exists (figs. 8.10, 8.11) [11, 18]. 
These lesions enhance homogeneously and have 
regular margins on Tl -weighted gadolinium-enhanced 
fat-suppressed images [8]. Small linear or rounded foci 
of low or high signal intensity may be present on 
various MR sequences representing small areas of cystic 
change, hemorrhage, or variations of vascularity (fig. 
8.13). These characteristics are also present in adrenal- 
cortical carcinoma; however, in malignant tumors larger 
heterogeneous regions are generally observed [41]. 
Adenomas commonly possess a thin rim of enhance- 
ment, best appreciated on interstitial-phase gadolinium- 
enhanced images [42]. However, a thin rim of adrenal 
tissue may also be appreciated with small metastases, 
simulating this appearance. 

The most accurate method for demonstrating that a 
mass is an adenoma is to show loss of signal intensity 
on out-of-phase images (figs. 8.4-8.9, 8.12, and 8.14) 
[9-20, 22, 23, 26]. Loss of signal intensity should parallel 
loss of signal in marrow of the adjacent vertebral body. 
Caution should be exercised in using liver as the com- 
parative organ to determine signal intensity loss because 
the liver may also contain fat [17, 27]. The use of spleen 
may be problematic also, because the spleen may 
contain iron, and T2* effect will influence signal inten- 
sity changes, particularly if a longer echo time (e.g., 
6-7 ms) is used for out-of-phase imaging. Renal cortex 
is less affected by fat or iron deposition and may be a 
more accurate tissue to use as a visual comparison for 
signal intensity loss. An echo time-adjusted signal inten- 
sity drop greater than 20% is diagnostic for adenomas 



(fig. 8.14), whereas a 10-20% signal intensity drop is 
suggestive of adenomas (fig. 8.15), but follow-up may 
be needed. In a recent study, different methods to dif- 
ferentiate between adrenal adenomas and metastases 
on chemical-shift MR imaging were evaluated. The 
signal intensity (SI) index, calculated as [(SI on in-phase 
imaging - SI on out-of-phase imaging)/(SI on in-phase 
imaging)] x 100, was shown to be the most accurate 
method, compared with adrenal-to-spleen ratio, adrenal- 
to-muscle ratio, and adrenal-to-liver ratio, yielding an 
accuracy of 100% with appropriate cutoff value (>16.5%) 
selection [26]. Heterogeneous drop in signal intensity 
on out-of-phase images is not infrequent (fig. 8.16), and 
caution should be exercised not to interpret this sign as 
evidence of malignancy, as most of these tumors were 
benign adenomas in a recent study [24]. Drop in signal 
intensity may also be rarely encountered in other benign 
lesions such as myelolipomas [43]. 

Benign lesions that do not contain intracytoplasmic 
lipid may also retain signal on out-of-phase images (fig. 
8.17) [11, 20]. If histologic fat content is minimal, neg- 
ligible signal loss may be observed on out-of-phase 
images, which has been reported in one series, where 
this was found in two of seven resected adenomas [20]. 
Tl -weighted fat-suppressed imaging technique has also 
been useful to differentiate adenomas from malignant 
masses [44]. 

MR imaging may well serve as a problem-solving 
modality in cases of indeterminate adrenal masses dis- 
covered on CT. In a recent study, 8 (62%) of 13 adrenal 
adenomas with density greater than 10 HU on unen- 
hanced CT were definitively characterized with chemi- 
cal-shift MRI [45]. In another study using a threshold of 
20% signal intensity decrease, the overall sensitivity of 
chemical-shift MR imaging for hyperattenuating (>10 HU) 
adenoma was 67%. The sensitivity for adenoma was 
89% for masses with attenuation of 10-30 HU and 75% 
for adenomas with attenuation of 20-30 HU, whereas 
specificity of MRI for the diagnosis of adenoma was 
100% [22]. 

Large adenomas may undergo degenerative changes 
and contain foci of hemorrhage that appear as punctate 
high-signal-intensity foci on Tl -weighted and/or T2- 
weighted images (see fig. 8.13) [41]. 

Functioning adenomas with excess Cortisol secre- 
tion are responsible for approximately 20% of Cushing 
syndrome cases. Most of these adenomas measure 
larger than 2 cm and are well shown on CT and MR 
images [46]. Hyperfunctioning and nonhyperfunctioning 
adenomas are presently not distinguishable on MR 
images because they have similar morphologic and 
signal intensity features, including the tendency of 
both to lose signal intensity on out-of-phase images, 
because they both often contain intracytoplasmic lipid 
[20]. Functioning adenomas may contain negligible fat 
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Fig. 8.4 Adrenal adenoma — mild capillary blush. Tl-weighted GE (a), Tl-weighted out-of-phase GE (£>), and immediate 
postgadolinium GE (c) images. Right adrenal adenoma demonstrates signal drop on out-of-phase image and mild capillary blush on 
immediate postgadolinium image. Note normal left adrenal (arrow, a). Tl-weighted in-phase (d) and out-of-phase (e) SGE, Tl- 
weighted postgadolinium arterial phase (/) and hepatic venous phase (g) fat-suppressed 3D-GE images at 3.0 T demonstrate left 
adrenal adenoma in another patient. The adenoma shows signal drop on out-of-phase image (e) compared to in-phase image (d). 
Mild capillary blush is detected on the arterial phase image (/). Right adrenal adenoma 1.5 T vs. 3.0 T. Tl-weighted in-phase (h) 
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Fig. 8.4 (Continued) and out-of-phase (i) SGE images at 1.5 T 
and Tl -weighted in-phase (j) and out-of-phase (&) SGE images at 
3.0 T demonstrate right adrenal adenoma in the same patient. The 
adenoma shows signal drop out-of-phase image (i) compared to 
in-phase image (h) at 1.5T. However, the signal drop on out-of- 
phase image (k) compared to in-phase image (/) is less than that 
at 1.5T. The different Tl contrast resolution of 3.0 T MR imaging 
and the inability to use exact in-phase/out-of-phase TE times at 
3.0 T impair the ability to detect fat content in the lesions at 3.0 T 
in a consistent fashion. This is particularly true for small lesions. 
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Fig. 8.5 Adrenal adenoma — signal drop and no capillary 
blush. Tl -weighted GE (a), Tl -weighted out-of-phase GE (£>), and 
immediate post gadolinium GE (c) images. Left adrenal adenoma 
demonstrates signal drop on the out-of-phase image (£>). There is 
no substantial capillary blush on the immediate postgadolinium 
image (c). 






Fig. 8.6 Bilateral adrenal adenomas. Tl -weighted GE (a), Tl -weighted out-of-phase GE (£>), immediate postgadolinium GE 
(c), and 90-s postgadolinium fat suppressed GE (d) images in a patient with bilateral adrenal adenomas. Note that in this patient 
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Fig. 8.6 (Continued) both adrenals show signal intensity drop on out-of-phase images, but there is no substantial capillary blush 
after gadolinium administration (c). Late enhancement is mildly heterogeneous (d). 





Fig. 8.7 Adrenal adenoma. Coronal Tl-weighted GE (a), Tl-weighted GE (£>), Tl-weighted out-of-phase GE (c), immediate 
postgadolinium GE (d), and 90-s postgadolinium fat-suppressed GE (e) images. A 3 x 2-cm right adrenal mass shows signal intensity 
drop on the out-of-phase image (c) compared to the in-phase image (£>). The extent of signal intensity drop is consistent with sub- 
stantial intracytoplasmic lipid. Immediately after contrast the adenoma demonstrates an early and homogeneous capillary blush (d), 
which washes out on delayed image (e). 
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Fig. 8.7 (Continued) 






Fig. 8.8 Bilateral adrenal adenoma. Tl-weighted GE (a),Tl -weighted out-of-phase GE (£>), immediate postgadolinium GE (c), 
and 90-s postgadolinium fat-suppressed GE (d) images. Bilateral adrenal adenomas, larger on the left side. Both lesions have signal 
intensity drop on the out-of-phase image (£>). There is an intense capillary blush on immediate postgadolinium image (c) and a rapid 
washout on delayed image id). 
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Fig. 8.9 Adrenal adenoma. Tl-weighted GE (a), Tl-weighted out-of-phase GE (&), T2-weighted HASTE (c), and 45-s postgado- 
linium GE (d) images. Right adrenal adenoma has substantial signal drop from the in-phase (a) to the out-of-phase (£>) image and 
moderately high signal intensity on fat-suppressed T2 image (c). Note intense homogeneous capillary blush after gadolinium admin- 
istration (d). 



and therefore not lose signal on out-of-phase images 
(fig. 8.18). 

Aldosterone-secreting adrenal adenomas are rare 
tumors responsible for 75% of cases of primary aldoste- 
ronism (Conn syndrome), with adrenal hyperplasia 
accounting for 25% [47]. The clinical presentation 
includes systemic hypertension with hypokalemia, 
decreased plasma renin activity, and increased plasma 
aldosterone. These tumors are typically small, measur- 
ing less than 3 cm in diameter, and the left adrenal is 
involved slightly more often than the right. MRI per- 
forms well in detecting these tumors [48]. 

The distinction between adenoma and hyperplasia 
is important because patients with adenomas will 
respond to surgical management, whereas patients with 
hyperplasia are best treated medically [49]. 

Findings on tomographic images may result in diag- 
nostic errors in patients who have a unilateral adenoma 



but in whom both adrenals have a nodular appearance. 
Doppman et al. [50] reported on 24 patients with primary 
aldosteronism in whom CT images suggested the pres- 
ence of hyperplasia in six patients, but who had a 
unilateral aldosteronoma at surgery. Tl-weighted fat- 
suppressed images show clear delineation of the adrenal 
glands and permit detection of small masses (fig. 8.19) 
[12]. Aldosteronomas contain intracytoplasmic lipid, 
likely as a similar percentage as other adenomas (80%), 
and may therefore lose signal intensity on out-of-phase 
images (see fig. 8.19) [20]. 

Other Benign Tumors 

Myelolipoma. Myelolipomas are rare benign 
tumors composed of mature adult adipose tissue and 
hematopoietic cells [51]. Although usually sporadic, they 
have been reported in association with thalassemia or 
chronic hemolytic anemias, suggesting a possible role 
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Fig. 8.10 Adrenal adenoma — no signal loss and capillary blush. Tl-weighted GE (a), Tl-weighted out-of-phase GE (b), 
immediate postgadolinium GE (c), and 90-s postgadolinium fat-suppressed GE (d) images in a patient with a nonfunctioning 
adenoma. The adrenal adenoma is slightly hypointense to the liver on Tl (a) and has no signal drop on the out-of-phase image (£>). 
After gadolinium administration, there is a capillary blush of the adrenal adenoma (c) and minimal washout of contrast material 
on the late image (d). A 3.5-cm abscess with a thin capsule is present in the liver (arrow, c). Note the intense perilesional enhance- 
ment on the immediate postgadolinium image. Adrenal adenoma — no signal loss/Dixon method/capillary blush. Tl-weighted 
in-phase (e), out-of-phase (/"), water-only (g), and fat-only (h) images of Dixon technique and Tl-weighted postgadolinium 
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Fig. 8.10 (Continued) hepatic arterial phase (i) and hepatic venous phase (/') fat-suppressed 3D-GE images at 3.0 T demonstrate 
a small right adrenal adenoma (arrows, e and f) in another patient. Although no signal drop is detected in the adenoma on out-of- 
phase image (/) compared to in-phase image (e), mild increased signal (arrow, h) is detected in the adenoma on fat-only image 
(h), suggesting the presence of minimal fat. The adenoma shows capillary blush on the hepatic arterial dominant phase (i) and 
washout on the interstitial phase (/). 



of increased erythropoietin levels in the pathogenesis 
of these tumors through stimulation of metaplasia of 
embryonic stem cells to myeloid tissue [43]. On MR 
imaging, tumors may demonstrate macroscopic fatty 
elements, hemorrhagic components, and variable signal 
intensity on T2-weighted sequences, ranging from 
hypointensity to moderate hyperintensity [52-54]. They 
are usually small and unilateral and typically have a high 
fat content that gives them a pathognomonic appear- 
ance on MR images [38, 51, 55-60]. The amount of fat 
in these lesions may vary. On the basis of Tl -weighted 
images alone, the distinction from a hemorrhagic cyst 
may be difficult. The diagnosis is virtually certain if the 
signal of the tumor is hyperintense on Tl -weighted 
images and decreases on fat-suppressed images (fig. 
8.20) [12, 38, 60]. Because myelolipomas may be almost 



entirely fat containing, these tumors may not lose signal 
intensity on out-of-phase images. Signal loss with the 
out-of-phase technique occurs when fat and water are 
of similar proportions in the same voxel. Myelolipomas 
may exhibit a black ring phase-cancellation artifact if 
the tumor borders on a water-based organ, but most 
often the tumor is surrounded by fat and therefore does 
not exhibit a black ring phase-cancellation artifact. The 
distinction from adenoma is based on fat content. 
Adenomas generally do not contain sufficient fat to 
result in visually apparent signal loss on fat-suppressed 
images, with rare exceptions [33]. Myelolipomas gener- 
ally contain such a preponderance of adipose tissue that 
signal loss does not occur on out-of-phase images, but 
signal loss is comparable to fat on fat-suppressed images. 
Coexistence of macroscopic fatty elements with areas of 
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Fig. 8.11 Adrenal adenoma. Tl-weighted GE (a), Tl- 
weighted out-of-phase GE (£>), T2-weighted fat-suppressed HASTE 
(c),immediate postgadolinium GE (d), and 90-s postgadolinium 
fat-suppressed GE (e) images. A right adrenal adenoma is isoin- 
tense to the liver on Tl (a) and does not drop in signal intensity 
on out-of-phase image (£>). The mass is slightly hyperintense on 
the T2 image, enhances heterogeneously on the immediate post- 
gadolinium image (d), and becomes more homogeneous on the 
late image (e). 




microscopic lipid, demonstrated by drop in signal inten- 
sity on opposed-phase images, has been reported [52], 
and they may also rarely exhibit signal intensity drop 
on out-of-phase images (fig. 8.21) with no macroscopic 
fat component, thus mimicking the appearance of ade- 
nomas [43]. Occasionally, myelolipomas may be large 
[43], and in these cases direct sagittal or coronal imaging 
may be helpful to demonstrate the extrarenal origin of 



these tumors [59]. In the presence of hemorrhagic 
content, they may rarely demonstrate very high signal 
intensity on T2-weighted images, mimicking the appear- 
ance of pheochromocytomas (see fig. 8.21) [43]. 

Adrenal Cyst and Pseudocyst. Adrenal cysts are 
an uncommon, heterogeneous group of lesions, with 
most cases reported as an incidental finding. They have 
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Fig. 8.12 Bilateral adrenal adenomas. Tl-weighted GE 
(a),Tl -weighted out-of-phase GE (&),T2-weighted echo-train spin- 
echo (c), immediate postgadolinium GE (d), and 90-s postgado- 
linium fat-suppressed GE (e) images in a patient with bilateral 
adrenal adenomas. Bilateral adrenal adenomas drop in signal inten- 
sity from in-phase (a) to out-of-phase (b) images, and they are 
mildly hyperintense relative to liver on the T2 image (c). The right 
adrenal adenoma has an early intense capillary blush, whereas the 
left adrenal enhances to a lesser extent immediately after gado- 
linium administration id). The bilateral adenomas are hypointense 
on the late fat-suppressed image (e). 



traditionally been divided into four categories: endothe- 
lial, hemorrhagic (pseudocyst), epithelial, and parasitic. 
Endothelial cysts and hemorrhagic pseudocysts are the 
most common types. Hemorrhagic pseudocysts are 
usually unilocular cystic masses encased in a fibrous 
capsule and containing amorphous abnormal material, 
blood, and fibrin. Microscopic examination reveals 



numerous irregular, thin- walled vascular channels. In 
contrast, endothelial cysts are usually multilocular and 
filled with clear, milky fluid. Histologic examination 
shows a thin fibrous wall lined by a continuous layer 
of endothelial cells. 

The majority of adrenal cysts and pseudocysts are 
low in signal intensity on Tl-weighted images and high 
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Fig. 8.13 Adrenal adenoma with signal intensity drop and minor hemorrhage. Tl-weighted GE (a), Tl-weighted out- 
of- phase GE (£>), T2-weighted fat-suppressed spin-echo (c), and immediate postgadolinium GE id) images. Substantial signal intensity 
drop is present on the right adrenal adenoma comparing in-phase (a) to out-of-phase Qf) GE images. Small high-signal-intensity foci 
are present on Tl (a)- and T2 (c)-weighted images, which is consistent with hemorrhage. The adenoma enhances intensely on the 
immediate postgadolinium GE image id) and contains foci of diminished enhancement that correspond to punctate regions of 
hemorrhage. Tl-weighted GE (e), Tl-weighted fat-suppressed GE (/), T2-weighted fat-suppressed HASTE (g), immediate postgado- 
linium GE Qj), and 2-min postgadolinium fat-suppressed GE (i) images in a second patient. A 3-cm left adrenal adenoma is present 
that contains foci of high signal intensity on the Tl-weighted image (e), which do not suppress with fat suppression (/). The mass 
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Fig. 8.13 (Continued) is heterogeneous on the T2-weighted 
image (g) and contains multiple high-signal-intensity foci. A promi- 
nent rim of enhancement is present on the immediate postgado- 
linium image with minimal internal enhancement (If). On the 
interstitial-phase gadolinium-enhanced fat-suppressed image (i), 
central punctate high-signal intensity foci are apparent. 





Fig. 8.14 Adrenal adenoma with signal drop on out-of-phase image. Tl-weighted GE (a) and Tl-weighted out-of-phase 
GE (b) images. Substantial signal intensity drop is present on the right adrenal adenoma comparing in-phase (a) to out-of-phase (b) 
GE images, consistent with high lipid content. 
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Fig. 8.15 Adrenal adenoma — mild signal drop. Tl-weighted GE (a) and Tl-weighted out-of-phase GE (b) images. Mild signal 
intensity loss (approximately 15%) is noted from in-phase (a) to out-of-phase (£>) images, which is in the low range for signal inten- 
sity drop to diagnose an adrenal mass as an adenoma. The extent of signal intensity drop is consistent with minimal intracytoplasmic 
lipid. 





Fig. 8.16 Adrenal adenoma — heterogeneous signal intensity and signal drop. Tl-weighted GE id) and Tl-weighted out- 
of-phase GE (b) images. A left adrenal adenoma with heterogeneous signal intensity is noted on in-phase (a) image, with heteroge- 
neous signal drop on out-of-phase (b) image. Heterogeneity should not be necessarily interpreted as a sign of malignancy. 



in signal intensity on T2-weighted images [12]. Adrenal 
cysts are sharply marginated and signal void on gado- 
linium-enhanced MR images. Because most pseudocysts 
result from adrenal hemorrhage, variable signal intensity 
on Tl- and T2-weighted images may be observed (fig. 
8.22) [61]. Pseudocysts that contain a substantial con- 
centration of extracellular methemoglobin from sub- 
acute hemorrhage may remain slightly hyperintense on 



gadolinium-enhanced images. Imaging early and late 
after gadolinium is useful to ensure that lesions do 
not enhance over time and therefore are cysts [11]. 
Hypovascular neoplasms may be nearly signal void on 
early postcontrast images but enhance on later postg- 
adolinium images. Pseudocysts may be large in size, 
and sagittal-plane imaging may be useful to demon- 
strate the location of the mass. Marked hyperintensity 
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Fig. 8.17 Adrenal adenoma — no signal drop. Tl -weighted GE (a) and Tl -weighted out-of-phase GE (£>) images. No signal 
intensity drop is noted from in-phase (a) to out-of-phase (b) images. The lack of signal intensity drop reflects no appreciable intra- 
cytoplasmic lipid. 






Fig. 8.18 Large adrenal adenoma. Tl-weighted GE (a), Tl-weighted out-of-phase GE (£>), immediate postgadolinium GE (c), 
and 90-s postgadolinium fat suppressed GE (d) images. A right adrenal mass appears hypointense to the liver on Tl GE image (a) 
and does not drop signal on Tl out-of-phase image (&). There is a heterogeneous capillary blush after contrast administration (c), 
which diminishes moderately and remains slightly hypointense on late images id). 
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Fig. 8.19 Aldosteronoma. Coronal T2-weighted HASTE (a), Tl-weighted GE (&), Tl-weighted out-of-phase GE (c), and 90-s 
postgadolinium fat-suppressed GE (d) images. A 3.5-cm left adrenal aldosteronoma is present (arrows, a, b). The mass is moderately 
low in signal intensity on the T2-weighted image (a). The mass drops in signal from in-phase (b) to out-of-phase (c) images, reflect- 
ing the presence of intracytoplasmic lipid. On the postgadolinium image id) the mass enhances in a relatively homogeneous fashion. 
Tl-weighted GE (e), Tl-weighted out-of-phase GE (/"), immediate postgadolinium Tl-weighted GE (g), and 90-s postgadolinium fat- 
suppressed GE (h) images in a second patient with a small left adrenal aldosteronoma showing the same characteristics as described 
above. 
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Fig. 8.19 (Continued) Tl-weighted GE (0,Tl-weighted out-of-phase GE (7), immediate postgadolinium Tl-weighted GE (&), 
and 90-s postgadolinium fat-suppressed GE (/) images in a third patient with a small adrenal aldosteronoma at the body of the right 
adrenal demonstrate subtle central drop in signal intensity on out-of-phase GE image, intense homogeneous blush on immediate 
postgadolinium image, and persistence of enhancement on interstitial-phase gadolinium-enhanced image. These cases illustrate that 
aldosteronomas have imaging findings similar to those of other benign adrenal adenomas. 
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Fig. 8.20 Adrenal myelolipoma. Tl-weighted GE (a), Tl-weighted out-of-phase (&), Tl-weighted fat-suppressed GE (c), imme- 
diate postgadolinium GE (d), and 90-s postgadolinium GE (e) images. The right adrenal myelolipoma is hyperintense on the in-phase 
(a) image and drops in signal on the out-of-phase image (£>), except for an eccentric focal area that does not drop in signal and 
possesses a phase-cancellation artifact (arrow, £>). Myelolipomas may contain focal accumulation of hematopoietic cells within 
mature adipose tissue, which this focal region represents. The mass is hypointense on Tl fat-suppressed image (c), with no sup- 
pression of the same focal region. Negligible enhancement on immediate id) and late (e) images is appreciated. The predominantly 
fatty portion of the tumor is low signal on the fat-suppressed image. Tl-weighted GE (/), Tl-weighted out-of-phase GE (g), and 
90-s postgadolinium fat-suppressed GE (h) images in a second patient. A 1.8-cm myelolipoma (arrow,/) of the right adrenal is 
present. The tumor is high in signal intensity on the in-phase GE image because it is composed almost entirely of fat. No drop in 
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Fig. 8.20 (Continued) signal is present on the out-of-phase image (g), reflecting the near complete absence of water protons 
in the mass. On the fat-suppressed image, the mass is near signal void (arrow, h), confirming that it is essentially all fatty in com- 
position. Tl-weighted SGE (i), Tl-weighted fat-suppressed SGE (7), Tl-weighted postgadolinium hepatic arterial dominant phase 
(&) and hepatic venous phase (/) images at 3.0 T demonstrate myelolipoma of the right adrenal gland in another patient. High-signal- 
intensity component of the lesion seen on Tl-weighted image (/) shows low signal on fat-suppressed images (/-/). These findings 
are consistent with the diagnosis of myelolipoma. 
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Fig. 8.21 Atypical giant adrenal myelolipoma in a patient with thalassemia. Coronal T2-weighted HASTE (a), axial Tl- 
weighted GE (&), out-of-phase GE (c), and gadolinium enhanced coronal Tl-weighted TSE (d) images. A large oval-shaped right 
adrenal mass with well-defined borders demonstrates markedly high and heterogeneous signal intensity (asterisk) on the coronal 
T2-weighted HASTE (a) image, surrounded by a thin low-signal-intensity capsule. Bilateral paraspinal masses of extramedullary 
hematopoiesis (arrows) are shown as well-defined masses with homogeneous intermediate signal intensity. The liver demonstrates 
very low signal intensity because of iron deposition. The tumor is heterogeneous on the in-phase GE image (&), with foci of mildly 
increased signal intensity, and demonstrates intense drop in signal intensity on the out-of-phase GE image (c) due to microscopic 
fat content. On the gadolinium-enhanced image (d), heterogeneous, mainly peripheral enhancement is noted. This case demon- 
strates that myelolipomas may mimic imaging findings of other tumors on individual sequences with no macroscopic fat content, 
and a combined approach is needed to establish diagnosis. (Reprinted with permission from Kelekis NL, Alexopoulou E, Brountzos 
EN, Ladis V, Boussiotou A, Kelekis DA. Giant adrenal myelolipoma with minimal fat content in a patient with homozygous beta- 
thalassemia: appearance on MRI. / Magn Reson Imaging 18: 608-611, 2003) 
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Fig. 8.22 Cyst/pseudocyst. Tl -weighted GE (a), T2-weighted spin-echo (T2-SE) (&), and immediate postgadolinium GE (c) 
images. Small high-signal-intensity foci are noted on the Tl image (arrows, a) within the low-signal-intensity pseudocyst, a finding 
consistent with hemorrhage. The mass is heterogeneous and high in signal intensity on the T2-weighted image (b). The heterogene- 
ity reflects the presence of blood products. The lesion is signal void on early (c) and late (not shown) postgadolinium images, which 
are diagnostic features for a cyst. Tl-weighted GE (d), coronal T2-weighted HASTE (e), 45-s postgadolinium GE (/), and 90-s post- 
gadolinium fat-suppressed GE (g) images in a second patient. An adrenal pseudocyst is identified arising from the left adrenal 
(arrow, d). The pseudocyst is low in signal intensity on the Tl-weighted image id) and high in signal intensity on the T2-weighted 
image (e) and does not enhance on early (/) or late (g) postgadolinium images. Thin septations are present in the pseudocyst 
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Fig. 8.22 (Continued) (arrow, e), which are well shown on the breathing-independent T2-weighted image id) and show faint 
enhancement on the interstitial-phase gadolinium-enhanced fat-suppressed image (arrow, g). T2-weighted HASTE (h) and coronal 
T2-weighted HASTE (i) images in a third patient. A pseudocyst in the left adrenal appears on the T2 images (b, f) with hypointense 
septations. Coronal Tl-weighted GE (7), coronal T2-weighted HASTE (&), Tl-weighted GE (/), Tl-weighted out-of-phase GE (m), 
T2-weighted HASTE (n), immediate postgadolinium GE (o), 90-s postgadolinium fat-suppressed GE (^?), and sagittal postgadolinium 
GE (q) images in a fourth patient. A large left adrenal cyst displaces the kidney inferiorly and the spleen anterior and laterally 
(7, k, q). 
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Fig. 8.22 (Continued) 



on T2-weighted images with hypointense capsule has 
been reported in patients with adrenal hemorrhage 
3-4 wk after liver transplantation [62]. 

Hemangioma. Adrenal hemangioma is an uncom- 
mon, benign vascular tumor composed of mesenchymal 
cells. The lesions tend to be large (>10cm) and undergo 



central necrosis and hemorrhage, which may result 
in high-signal-intensity foci on Tl -weighted images 
[63, 64]. Peripheral nodules are characteristic of these 
masses [63], although atypical forms with thin rim 
enhancement and absence of centripetal enhancement 
have been reported [64]. Tumors are high in signal 
intensity centrally on Tl- and T2-weighted images 
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Fig. 8.23 Adrenal hemangioma. Coronal single-shot echo-train spin-echo (a), T2-weighted fat-suppressed echo-train spin-echo 
(£>), Tl -weighted GE (c), and 2-min gadolinium-enhanced fat-suppressed GE id) images. A 10-cm mass is present arising from the 
right adrenal that is mixed signal on T2 (a, b)- and Tl (c)-weighted images, consistent with hemorrhage. Small peripheral nodules 
of enhancing stroma are appreciated on the postcontrast images (arrow, d). Adrenal hemangiomas have a great propensity to 
undergo hemorrhage and appear as a large hemorrhagic mass. 



because of necrosis and hemorrhage [63]. The periph- 
eral nodules enhance intensely with gadolinium, and 
the centripetal enhancement, which is characteristic of 
hepatic hemangiomas, is less frequently observed in 
adrenal hemangiomas because of the substantial central 
necrosis (fig. 8.23) [53]. These tumors may resemble 
adrenal cortical carcinomas because of the central 
necrosis and hemorrhage [31]. 

Malignant 

Metastases. Metastases are the most frequent 
malignant lesions that involve the adrenal glands. The 
most common primary tumors originate from lung, 



breast, gastrointestinal tract, kidney, skin (melanoma), 
and thyroid gland [65]. 

Metastatic deposits vary in size from microscopic 
involvement to large tumor masses. Metastases are most 
frequently bilateral, but they may be unilateral. On T2- 
weighted images, metastases have been described as 
having moderately high signal intensity [1-5] (fig. 8.24). 
High signal intensity on T2-weighted image should not 
be relied on. Many metastases, particularly those pos- 
sessing significant desmoplasia, may be low signal 
intensity (fig. 8.25) [4, 5], whereas a number of benign 
lesions may be high signal [37]. Comparison of the 
signal intensity of the adrenal mass to either the primary 
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Fig. 8.24 Large left adrenal metastases. Tl-weighted GE 
(a), Tl-weighted out-of-phase GE (b), T2-weighted fat-suppressed 
spin-echo (c), immediate postgadolinium (d), and 3-min postgado- 
linium GE (e) images. A large 8-cm left adrenal metastasis is identi- 
fied that retains signal intensity from in-phase (a) to out-of-phase 
(b) images. The mass is heterogeneous and moderately high in 
signal intensity on T2-weighted images, with a central high-signal- 
intensity region (c). On immediate postgadolinium image (d), the 
mass enhances minimally. On more delayed images, a central low- 
signal-intensity signal-void region compatible with necrosis is iden- 
tified (arrow, e) that corresponds to the region of high signal 
intensity on T2-weighted images. The central necrosis and hetero- 
geneity demonstrated on T2-weighted and postgadolinium images 
further confirm the findings of a malignant mass on out-of-phase 
images. Distinction between adrenal metastasis and left kidney is 
best defined on the immediate postgadolinium GE image by the 
demonstration of corticomedullary differentiation of the kidney 
(arrow, d). 



tumor or other metastatic deposits may be helpful in 
determining whether the lesion is a metastasis, because 
foci of tumor located in different sites frequently possess 
similar signal intensity [3]. Metastases frequently have 
irregular margins and enhance in a heterogeneous 
fashion, features that are well shown on gadolinium- 
enhanced Tl-weighted fat-suppressed images [8]. Mild, 



heterogeneous enhancement on early postgadolinium 
images is commonly observed, with either progressive 
enhancement or minimal heterogeneous washout on 
more delayed interstitial-phase images. This pattern 
is distinct from that manifested by adenomas, which 
often exhibit a capillary blush. Direct extension of 
primary tumors may occasionally be seen. This is most 
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Fig. 8.25 Adrenal metastasis. Coronal T2-weighted echo- 
train spin-echo (a), Tl -weighted GE (&), Tl -weighted out-of-phase 
GE (c), immediate postgadolinium GE (d), and 90-s postgadolin- 
ium fat-suppressed GE (e) images in a patient with primary non- 
small cell lung cancer. A 5.4 x 2.3-cm oval right adrenal metastasis 
is slightly hypointense to the liver on Tl (&), with the majority of 
the tumor showing no drop in signal except for a small region of 
drop of signal on out-of-phase (c) images in the posteromedial 
aspect of the tumor. After contrast administration, there is periph- 
eral, irregular enhancement of the lesion (d, e). T2-weighted 
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Fig. 8.25 (Continued) fat-suppressed single-shot echo-train spin-echo (/), Tl-weighted fat-suppressed 3D-GE (g), Tl-weighted 
in-phase (h) and out-of-phase (i) 3D-GE, and Tl-weighted postgadolinium hepatic arterial dominant phase (j) and hepatic venous 
phase (k) fat-suppressed 3D-GE images demonstrate a right adrenal gland metastasis (arrows, /, g) in another patient. The lesion 
shows high signal on T2-weighted image (/) and low signal on Tl-weighted images (g, h). The lesion does not show any signal 
drop on out-of-phase image (i) compared to in-phase image (h). Heterogeneous enhancement is detected in the lesion on postgado- 
linium images (j, k). 
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frequently observed in pancreatic or renal cancer. The 
adrenal tumor may also invade adjacent structures or 
organs. Coexistent metastases in other organs are com- 
monly present (fig. 8.26). Necrosis and hemorrhage 
are not uncommon in large metastatic deposits. 
Hemorrhage is also a feature more typical of malignant 
than benign masses and is better shown on MR than 
CT images (fig. 8.27). 

The most reliable MRI feature to suggest that an 
adrenal mass may represent a metastasis is the demon- 
stration that the lesion does not lose signal on out-of- 
phase images (fig. 8.28) [9, 10, 20, 22, 23, 26]. This 
approach is most reliable in the investigation of patients 
with a known primary malignancy. 

Because the accuracy of out-of-phase gradient-echo 
images in characterizing adrenal masses as benign or 
malignant is approximately 80%, additional information 
provided by T2-weighted images and postgadolinium 
images is useful (figs. 8.26, 8.28, 8.29). CT-guided biop- 
sies are at present not obviated in all cases by MRI 
examination. To obviate CT-guided biopsy, accuracy of 
MRI must approach 95% [66]. In a recent large series 
(229 adrenal masses with histopathology confirmation in 
204 patients), the sensitivity of MRI for the differentiation 
of benign and malignant adrenal masses was 89%, the 
specificity 99%, and the accuracy 93-9% [67]. Furthermore, 
not all indeterminate adrenal masses need to be biop- 
sied. In patients with no known primary malignancy, it 
is acceptable management to serially examine adrenal 
masses to assess change in size. Reassessment at 3 to 
6 months and 1 year is performed at many centers 
(fig. 8.29) [66, 68, 69]. It may be sufficient to acquire 
only in-phase and out-of-phase gradient-echo images on 
follow-up examination to reduce cost. 

Adrenal Cortical Carcinoma. Adrenal cortical 
carcinoma is a very uncommon, aggressive tumor. 
Tumors may contain intracytoplasmic lipid or fatty 
regions. The tumor is more common in women, and 
the age at presentation ranges from 20 to 70 years, 
although tumor occurrence in patients 20-40 years of 
age is relatively common [31, 35]. Approximately 50% 
of the tumors are hyperfunctioning, and hypercorti- 
solism and virilization are common presentations. In 
contrast to adrenal adenomas, adrenal cortical carcino- 
mas are characteristically large encapsulated tumors, 
weighing over 100 g and sometimes reaching lOOOg or 
more before discovery. Areas of necrosis and hemor- 
rhage are frequent [70, 71]. 

Metastases are frequently found at presentation, 
with regional and para-aortic lymph nodes, lungs, and 
liver (fig. 8.30) representing common sites. Tumor 
thrombus into the IVC is not uncommon at presentation 
(fig. 8.30). Tumors are frequently necrotic (figs. 8.30- 
8.32) and hemorrhagic. 



In one series, MR images demonstrated central 
necrosis and hemorrhage in seven of eight adrenal 
cortical carcinomas [31]. These tumors appear heteroge- 
neous and hyperintense on Tl- and T2-weighted images, 
reflecting central necrosis and hemorrhage. Necrosis is 
well shown on gadolinium-enhanced images as signal- 
void regions, and hemorrhage is well shown on pre- 
contrast Tl -weighted conventional or fat-suppressed 
images as high-signal-intensity regions (fig. 8.31). 
Peripheral mural-based nodules may also be observed 
in these tumors (fig. 8.32) [31]. Although the appearance 
of a large mass with central hemorrhage and necrosis 
is characteristic for adrenal cortical carcinoma, a similar 
appearance may be observed in other tumors including 
adrenal hemangioma [63] and neuroblastoma [72]. 

Smaller tumors also tend to have greater enhance- 
ment of the tumor periphery than of the center, possibly 
reflecting their propensity to undergo central necrosis 
(fig. 8.33) [31]. Fat-suppressed images help delineate 
large tumors from adjacent pancreas and kidney. 
Sagittal-plane images are also useful to demonstrate that 
tumors do not originate from the kidney (fig. 8.31). On 
T2- weighted images, tumors have a high signal inten- 
sity, which partly reflects the frequent occurrence of 
central necrosis [3, 31, 73]. Because these tumors are 
functional, they may contain regions of intracytoplasmic 
lipid that result in irregular foci of signal intensity loss 
on out-of-phase images (fig. 8.34) [31-33]. The lack of 
uniform loss of signal intensity helps to distinguish 
these tumors from adenomas. After resection, local 
recurrence may occur and tumors demonstrate similar 
imaging findings (fig. 8.35). 

Medullary Masses 

The adrenal medulla is composed of neuroendocrine 
cells derived from the neural crest. As such, it is part 
of the widely dispersed system of histologically and 
embryologically similar cells termed the paraganglion 
system. The most significant disorders arising in the 
adrenal medulla are neoplasms derived from cell types 
indigenous to the paraganglion system. These tumors 
include pheochromocytoma, neuroblastoma, ganglio- 
neuroma, and schwannoma. 

Pheochromocytoma 

Pheochromocytoma can be defined as a paraganglioma 
of the adrenal medulla and is a catecholamine-producing 
tumor. On microscopic examination, a characteristic 
pattern shows tumor cells arranged in well-defined 
nests ("Zellballen") surrounded by fibrovascular stroma. 
There is no morphologic marker of malignancy for 
this tumor other than the presence of metastases. 
Pheochromocytomas arise from the adrenal medulla in 
90% of cases. The remaining 10% occur in paraganglia 





Fig. 8.26 Adrenal metastasis from endometrial cancer. 

Tl-weighted GE (a),Tl-weighted out-of-phase (b, c), and immedi- 
ate postgadolinium GE (d, e) images. A right adrenal metastasis is 
invading the upper pole of the right kidney. The tumor is hetero- 
geneous and predominantly hypointense on Tl (a), with no signal 
drop on out-of-phase (b, c) images. It demonstrates a diminished 
and heterogeneous enhancement on immediate postgadolinium 
images (d, e). Also note hepatic metastasis with irregular margins 
(arrow, d). 

Immediate (/) and 45-s (g) postgadolinium GE images in 
a second patient. There is a 5-cm metastasis in the left adrenal 
with irregular patchy enhancement on immediate postgadolinium 
image (/) that persists on the later image (g). Liver metastases are 
also appreciated in this patient with pancreatic gastrinoma. 
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Fig. 8.27 Hemorrhagic adrenal metastases. Tl-weighted 
fat-suppressed spin-echo image demonstrates high-signal-intensity 
subacute hemorrhage in bilateral adrenal metastases. Metastasis 
may undergo hemorrhage, simulating primary adrenal cortical 
carcinoma. 





Fig. 8.28 Small left hypovascular adrenal metastasis. Coronal T2-weighted HASTE (a), Tl-weighted GE (&), Tl-weighted 
out-of-phase GE (c), and immediate postgadolinium GE (d) images. A 1.5-cm metastasis is heterogeneous and moderately high in 
signal intensity on the T2-weighted image (arrow, a). The tumor is hypointense on Tl (arrow, b) and does not show signal drop 
on the out-of-phase image (c). On immediate postgadolinium image, the tumor demonstrates negligible enhancement with a thin 
rim (arrow, d). 
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Fig. 8.29 Adrenal metastasis with interval growth. 

Coronal T2-weighted echo-train spin-echo (a), Tl-weighted GE 
(b), Tl-weighted out-of-phase GE (c), T2-weighted echo-train spin- 
echo (d), immediate postgadolinium GE (e), and 90-s post- 
gadolinium fat-suppressed GE (/) images. Coronal T2-weighted 
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Fig. 8.29 (Continued) echo-train spin-echo (g), Tl-weighted GE (h), Tl-weighted out-of-phase GE (1), T2-STIR (7), and immedi- 
ate postgadolinium GE (&) images in the same patient 3 months later. On the T2-weighted image, the adrenal lesion appears hetero- 
geneously hypointense with hyperintense foci (a, d, g, 7). Interval growth has occurred after a 3-month interval (g-k). 





Fig. 8.30 Adrenal cortical carcinoma. Coronal T2-weighted echo-train spin-echo (a), Tl-weighted out-of-phase GE (£>), 
immediate postgadolinium GE (c), and 90-s postgadolinium fat-suppressed GE (d, e) images. The large left adrenal cortical carcinoma 
is heterogeneous on T2 (a). After contrast administration, irregular ring enhancement with a prominent nodular morphology is 




Fig. 8.30 (Continued) appreciated, which persists on late 
images (c-e). The central area shows no enhancement, consistent 
with necrosis. Multiple liver metastases are present. Tumor throm- 
bus in the portal vein is well shown as enhancing thrombus on 
the gadolinium-enhanced fat-suppressed GE image (arrow, e). 





Fig. 8.31 Adrenal cortical carcinoma. Sagittal Tl-weighted GE (a) and 90-s postgadolinium GE (b) images in a 25-year-old 
woman. A 7-cm mass is identified in the right upper abdomen that indents the liver and displaces the right kidney inferiorly. The 
relationship of the mass to the kidney and liver is clearly defined in profile in the sagittal projection, and the mass is shown to be 
separate from these organs. High signal intensity is present on precontrast images, a finding consistent with central hemorrhage. 
The mass enhances heterogeneously after contrast administration and contains signal-void regions of necrosis (arrows, b). 
(Reproduced with permission from Schlund JF, Kenney PJ, Brown ED, Ascher SM, Brown JJ, Semelka RC: Adrenocortical carcinoma: 
MR imaging appearance with current technique. / Magn Reson Imaging 5: 171-174, 1995.) 
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Fig. 8.32 Adrenal cortical carcinoma. Tl -weighted fat- 
suppressed spin-echo (a), T2-weighted fat-suppressed spin-echo 
(£>), and gadolinium-enhanced fat-suppressed spin-echo (c) images 
in a 41 -year-old woman. On the precontrast Tl -weighted image, 
central high signal intensity is present in the tumor, which is con- 
sistent with blood (a). On the T2-weighted image, the tumor is 
heterogeneous and high in signal intensity because of the presence 
of central necrosis and blood products of varying age (£>). Peripheral 
nodules enhance after contrast administration (arrow, c), and 
the central portion of the tumor remains largely signal void. 
(Reproduced with permission from Schlund JF, Kenney PJ, Brown 
ED, Ascher SM, Brown JJ, Semelka RC. Adrenocortical carcinoma: 
MR imaging appearance with current technique. / Magn Reson 
Imaging 5: 171-174, 1995.) 




Fig. 8.33 Small adrenal cortical carcinoma. Immediate 
postgadolinium GE image demonstrates a 2.5-cm right adrenal 
cortical carcinoma (arrow). Note that the tumor has an enhancing 
rim and is hypovascular centrally. (Reproduced with permission 
from Semelka RC, Shoenut JP: The adrenal glands. In Semelka RC, 
Shoenut JP (eds.). MRI of the Abdomen with CT Correlation. New 
York: Raven Press, p. 77-90, 1993.) 
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Fig. 8.34 Adrenal cortical carcinoma. Tl-weighted GE (a), 
Tl -weighted out-of-phase GE (£>), and T2-weighted fat-suppressed 
spin-echo (c) images in a 37-year-old woman. On the out-of-phase 
image, a moderate-sized region of the tumor loses signal (arrow, b) 
compared to the in-phase image, a finding consistent with fatty 
tissue. On the fat-suppressed T2-weighted image (c), the tumor is 
hyperintense and contains a region of low signal (arrow, c) repre- 
senting fat and corresponding to the region of signal drop on the 
out-of-phase image (£>). (Reproduced with permission from Schlund 
JF, Kenney PJ, Brown ED, Ascher SM, Brown JJ, Semelka RC. 
Adrenocortical carcinoma: MR imaging appearance with current 
technique. / Magn Reson Imaging 5: 171-174, 1995.) 



along the course of the sympathetic chain, most fre- 
quently in a paraortic or paracaval location including the 
organs of Zuckerkandl (located at the aortic bifurcation). 
Mediastinal and bladder wall tumors account for 2% of 
pheochromocytomas. Most of the tumors are unilateral 
and frequently greater than 3 cm in diameter at presenta- 
tion [74]. Pheochromocytomas are bilateral in 10% of 
cases and malignant in about 10% of cases, with meta- 
static spread occurring most commonly to lymph nodes, 
bone, and liver. Extra-adrenal origin tumors are malig- 
nant in a greater percentage of cases (40%). Patients 
present with sustained or paroxysmal hypertension, and 
the great majority of symptomatic patients have elevated 
levels of urinary catecholamines and their metabolites, 
principally vanillylmandelic acid (VMA), and metaneph- 
ron. Patients with multiple endocrine neoplasia (MEN) 
type IIA or IIB, neurofibromatosis, von Hippel-Lindau 
disease, and multiple cutaneous neuromas have increased 
incidence of pheochromocytomas. Seventy-five percent 
of patients with MEN II have bilateral tumors, which are 
rarely extra-adrenal [75, 76]. Cystic pheochromocytomas 
occur, and distinction from cysts may be difficult [77]. 



Pheochromocytomas characteristically are hypoin- 
tense on Tl-weighted images and hyperintense on T2- 
weighted images (fig. 8.36) [1] because of their high 
interstitial fluid space that in part may reflect necrotic, 
hemorrhagic, or cystic regions (fig. 8.37) that are 
observed on gross or microscopic pathologic analysis. 
Although pheochromocytomas may appear very bright 
(e.g., "light bulbs") on T2-weighted images, the majority 
are heterogeneous and moderately high signal, and in 
rare instances they may have moderate signal intensity 
[12]. A confounding variable is the signal intensity of 
background fat, which depends on the type of sequence 
employed. On echo-train spin-echo images, masses 
tend to appear lower in signal intensity, whereas on 
fat-suppressed images masses appear higher in signal 
intensity. This reflects a signal intensity rescaling effect, 
reflecting the signal intensity of the background fat; 
when fat is dark the adrenal mass signal intensity is 
rescaled and appears brighter. MRI may be the tech- 
nique of choice to examine for pheochromocytomas 
because these lesions are most often relatively high 
in signal intensity on T2-weighted images independent 
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Fig. 8.35 Recurrent adrenal cortical carcinoma with 
liver metastases. Axial T2-weighted HASTE (a), Tl -weighted out- 
of-phase GE (£>), and immediate postgadolinium GE (c) images in 
a patient with recurrent adrenal cortical carcinoma and liver 
metastases. A heterogeneous mass on the left is noted on the T2- 
weighted HASTE image (a), with peripheral areas of moderately 
high signal intensity as well as two liver metastases with similar 
imaging findings in the upper posterior segment of the right liver 
lobe. The recurrent mass and liver metastases demonstrate hetero- 
geneous signal intensity on precontrast Tl -weighted image (£>) and 
intense heterogeneous, mainly peripheral contrast enhancement 
on the postcontrast GE image (c). 
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of tumor size and location [12, 78]. Therefore, small 
extra-adrenal lesions are conspicuous on T2-weighted 
images and are usually distinguishable from other struc- 
tures such as lymph nodes and bowel, which are lower 
in signal intensity. Cystic pheochromocytomas are as 
high in signal intensity as cerebrospinal fluid (CSF) on 
T2-weighted images [791. Pheochromocytomas usually 
enhance minimally on immediate postgadolinium 
images and demonstrate progressive enhancement on 
later interstitial-phase images (fig. 8.36), although rela- 
tively intense early enhancement may be observed. If 
early intense enhancement occurs, it reflects the capil- 
lary-rich framework within the tumor, which may also 
contribute to the high signal intensity on T2-weighted 
images (fig. 8.38). In general, pheochromocytomas do 
not lose signal intensity on out-of-phase images. Similar 
imaging findings may be observed in extra-adrenal 
pheochromocytomas (fig. 8.39). 



Neuroblastoma, Ganglioglioma, 
Ganglioneuroblastoma, and Schwannoma 

This group of neoplasms is distinguished by a broad 
range in differentiation from primitive neuroblastoma 
at one end of the spectrum to well-differentiated, 
mature ganglioneuroma at the opposite end. Tumors 
with intermediary cytological maturation are termed 
ganglioneuroblastomas . 

Neuroblastoma is one of the most common solid 
tumors of children younger than 5 years of age [80]. 
Tumors originate from neural crest cells. Neuroblastomas 
most commonly arise from the adrenal medulla or cells 
in adjacent retroperitoneal tissue (figs. 8.40 and 8.41). 
In older patients, extra-adrenal sites increase in fre- 
quency [81, 82]. As neuroblastomas occur most com- 
monly in infants, extra-adrenal presentation, although 
less common than adrenal location, is still relatively 
frequently observed in these patients (fig. 8.42). 



MASS LESIONS 



1007 





Fig. 8.36 Pheochromocytoma. Tl-weighted GE (a), Tl-weighted out-of-phase GE (£>), T2-weighted fat-suppressed spin-echo 
(c), immediate postgadolinium GE (d), and 2-min postgadolinium GE (not shown) images. A 2.5-cm pheochromocytoma arises from 
the right adrenal gland (arrow, a), which has a moderate-signal-intensity peripheral rim with a low-signal-intensity center on in-phase 
(a) and out-of-phase (b) GE images. No appreciable drop of signal intensity is present on the out-of-phase image. On the T2-weighted 
image, the mass is extremely high in signal intensity, with the peripheral rim appearing slightly low in signal intensity (c). On the 
immediate postgadolinium image, the tumor rim enhances intensely, with minimal central enhancement (d). On the more delayed 
image, the tumor diffusely enhances in a heterogeneous fashion (not shown). 





Fig. 8.37 Large pheochromocytoma. Tl-weighted GE (a), Tl-weighted out-of-phase GE (b), T2-weighted echo-train spin-echo 
(c), immediate postgadolinium GE (d), and 90-s postgadolinium fat-suppressed GE (e) images. A 6-cm pheochromocytoma is present 
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Fig. 8.37 (Continued) in the left adrenal, which is hypoin- 
tense on GE (a) and does not drop in signal on the out-of-phase 
(b) image. The tumor is heterogeneous and high in signal intensity 
on T2 (c), and after contrast administration there is an irregular 
ringlike enhancement id) that persists on late image (e). 






Fig. 8.38 Pheochromocytoma. Tl-weighted GE (a), Tl-weighted out-of-phase GE (£>), coronal T2-weighted echo-train spin- 
echo (c), T2-weighted echo-train spin-echo (d), immediate postgadolinium GE (e), and 90-s postgadolinium fat-suppressed GE 
(/) images. A pheochromocytoma is present in the left adrenal, which is mildly low signal intensity on Tl (a) and does not drop 
in signal on the out-of-phase image (£>). It appears high signal intensity on T2 (c, d), and after gadolinium administration there is 
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Fig. 8.38 (Continued) irregular ringlike enhancement (e) with progressive and heterogeneous enhancement on the late 
image (/). Delayed, there is progressive enhancement of gadolinium in the vascular space of the tumor. Bilateral pheochromo- 
cytomas. T2-weighted fat-suppressed single-shot echo-train spin-echo (g, k), Tl-weighted SGE (h, /), Tl-weighted postgadolinium 
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Fig. 8.38 (Continued) SGE (i, m), and Tl -weighted postgadolinium fat-suppressed interstitial-phase SGE (j, n) images demon- 
strate bilateral pheochromocytomas in another patient. The lesions show high signal on T2-weighted images (g, fc) and progressive 
heterogeneous enhancement on postgadolinium images (i, j, m, n). Central necrosis is present in the lesions. Note that an extra- 
adrenal pheochromocytoma (arrow, &) is also present. 
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Fig. 8.39 Extra-adrenal cystic malignant pheochromo- 
cytoma. Coronal T2-weighted HASTE image (a), axial Tl -weighted 
GE image (£>), immediate postgadolinium GE image (c), interstitial- 
phase fat-suppressed postgadolinium GE image (d), and coronal 
T2-weighted HASTE image (e). An extra-adrenal mass (arrows, a) 
is shown between the SMA and 4th portion of the duodenum 
with well-defined borders and two cystic areas with very high 
signal intensity on the HASTE images (a, e).The mass is low signal 
intensity on the Tl -weighted GE image (b) and demonstrates 
intense heterogeneous enhancement on the immediate post- 
gadolinium image (c), which persists on the interstitial-phase 
fat-suppressed postgadolinium GE image (d). A nodular lung meta- 
static nodule is appreciated on the coronal T2-weighted HASTE 
image (arrow, e). 
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Fig. 8.40 Neuroblastoma. Tl -weighted GE (a) and T2-weighted fat-suppressed echo-train spin-echo (b) images. A right adrenal 
neuroblastoma is present that invades the right kidney (arrows, a). Transverse (c) and coronal id) T2-weighted single-shot echo- 
train spin-echo, transverse Tl -weighted magnetization-prepared rapid gradient-echo (e), and transverse Tl -weighted interstitial- 
phase SGE (/) images demonstrate a neuroblastoma arising from the right adrenal gland. The tumor shows intermediate signal 
on T2-weighted images (c, d) and low signal on Tl -weighted image (e) and enhances intensely on postgadolinium image (/). 
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Fig. 8.40 (Continued) The tumor abuts on the right kidney. Transverse T2-weighted single-shot echo-train spin-echo (g), 
coronal (h) and transverse (i) Tl-weighted spin-echo, and transverse postgadolinium interstitial-phase spin-echo (j) images dem- 
onstrate right adrenal neuroblastoma. The lesion contains hemorrhage, which shows high signal on Tl-weighted images (b, i). The 
lesion shows enhancement on postgadolinium image (/). 



The most common sites of metastatic disease include 
the skeletal system, liver (fig. 8.43), and lymph nodes. 
Tumors are generally high in signal intensity on T2- 
weighted images and enhance with gadolinium. Extension 
into the neural canal is a feature of these tumors. 
Encasement of the aorta and IVC is a common feature 
of advanced disease (fig. 8.44). MRI is particularly effec- 
tive at evaluating both the primary tumor and metastases 
in these patients, who are predominantly pediatric, 
because of high intrinsic soft tissue contrast resolution, 
which is beneficial in patients with minimal body fat. 
Direct multiplanar imaging renders MRI superior to CT 
imaging for the demonstration of extension into the 
neural canal, invasion of adjacent organs such as liver 
[80], and location relative to the diaphragm (fig. 8.42). 
T2-weighted fat-suppressed spin-echo and pre- and post- 
contrast Tl-weighted fat-suppressed spin-echo images in 



transverse and sagittal planes demonstrate these tumors 
well (fig. 8.44). Fat-suppressed spin-echo imaging is gen- 
erally recommended rather than fat-suppressed gradient- 
echo techniques because patients are often too young to 
cooperate with breath holding, and spin-echo imaging 
has a higher signal-to-noise ratio, which improves image 
quality in small patients. Neuroblastoma may have an 
appearance on MRI indistinguishable from adrenal corti- 
cal carcinoma in adult patients, with one reported case 
[32] appearing as a large tumor with central necrosis and 
hemorrhage and tumor thrombus in the IVC (fig. 8.41). 
Unlike neuroblastomas, ganglioneuromas typically 
occur in older patients [83]. Although all tumors may 
encase vessels [80], ganglioneuroblastoma and ganglio- 
neuroma tend to be smaller and have better-defined 
margins (fig. 8.45). On MR images, tumors are interme- 
diate in signal intensity on Tl-weighted images and 
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Fig. 8.41 Neuroblastoma. Coronal T2-weighted echo-train 
spin-echo (a), immediate postgadolinium GE (£>), 90-s postgado- 
linium fat-suppressed GE (c), MRA source-coronal postcontrast 
fat-suppressed GE (d), and MIP reconstruction-3D steady-state free 
process postgadolinium (e) images. A large neuroblastoma arising 
from the right adrenal is present that displaces the right kidney 
inferiorly and compresses the liver anteriorly. The mass is hetero- 
geneous with hyperintense areas on T2 (a). After gadolinium 
administration, there is irregular peripheral and internal septa 
enhancement with central nonenhancing regions that correspond 
to necrotic areas (b, c). Hemorrhage, necrosis, and cystic areas 
may increase as the tumor increases in size. MRA images demon- 
strates tumor thrombus in the IVC extending to the right atrium 
(arrows, d). 






Fig. 8.42 Hepatic metastases from neuroblastoma. Tl-weighted fat-suppressed spin-echo (a) and T2-weighted fat- 
suppressed echo-train spin-echo (b) images. The liver is massively enlarged, compressing the pancreas (arrows, a). Multiple liver 
metastases are present, which appear minimally hypointense on Tl and markedly hyperintense on T2. The primary tumor in the 
right adrenal (large arrow, b) and contralateral involvement of the left adrenal (small arrow, b) have similar signal intensity. 
Neuroblastoma has a tendency to local infiltration, lymph node metastases, and hematogenous spread to liver, lungs, and bones. 





Fig. 8.43 Large neuroblastoma. Tl-weighted GE (a), T2- 
weighted echo-train spin-echo (£>), immediate postgadolinium GE 
(c), coronal T2-weighted echo-train spin-echo (d), sagittal 10-min 
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Fig. 8.43 (Continued) postgadolinium GE at the level of the left kidney (e) and at the level of the IVC (/), and immediate 
postgadolinium GE at the level of the renal hilum (g). Neuroblastoma arising from the right adrenal displaces the right kidney infe- 
riorly (d, e) and surrounds the IVC (arrow, /) and right renal hilum (arrow, g).The tumor has a multinodular appearance with 
heterogeneous signal intensity on both Tl (a)- and T2 (£>)-weighted images and peripheral and irregular enhancement on postgado- 
linium images (c, e, f, g). 
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Fig. 8.44 Thoracic neuroblastoma. Coronal T2-weighted echo-train spin-echo of the chest (a), T2-weighted fat-suppressed 
echo-train spin-echo (&), Tl-weighted GE (c), and 90-s fat-suppressed gadolinium-enhanced spin-echo id) images. A large heteroge- 
neously hyperintense mass arises from the left side hemithorax (a) and extends into the retrocrural space encasing the descending 
aorta (b-d). After contrast administration, the mass shows diffuse, mildly heterogeneous enhancement on interstitial-phase images 
id). The posterior mediastinum is the second most common location of neuroblastoma, after adrenal glands. 



slightly heterogeneous and high in signal intensity 
on T2 -weighted images [38]. Enhancement with gado- 
linium is slightly heterogeneous and moderately intense. 
Adrenal schwannomas (fig. 8.45) can also be seen very 
rarely. 

Lymphoma 

Lymphoma occasionally involves the adrenal glands 
secondarily in patients with disseminated malignant 
lymphoma. Periadrenal lymphoma has been also 
reported to mimic an adrenal cortical tumor [84]. The 
involvement can be uni- or bilateral. Non-Hodgkin 
lymphoma is the most frequent cell type [85, 86]. 
Retroperitoneal lymphadenopathy is frequently an asso- 



ciated finding [86]. Signal intensity is intermediate 
on Tl-weighted images and usually intermediate to 
minimally hyperintense on T2-weighted images. Gado- 
linium enhancement is variable but is usually minimal 
on immediate postcontrast images, with increasing 
enhancement on delayed images (fig. 8.46), which is an 
enhancement pattern typically observed for lymphoma. 
Generally, lymphoma enhances throughout its stroma, 
which reflects the relatively rare occurrence of hemor- 
rhage or necrosis even in large tumors. As with other 
tumors, if necrosis is present, high signal intensity is 
observed in this region on T2-weighted images [87], 
associated with lack of enhancement on postgadolinium 
images. 
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Fig. 8.45 Ganglioneuroblastoma. Tl -weighted SE (a) and sagittal Tl -weighted gadolinium-enhanced SE (b) images. A well- 
defined 3-cm extrarenal mass is identified arising anterior to the upper pole of the right kidney. On the sagittal image, the mass is 
shown to abut the liver and kidney, with no evidence of invasion. Schwannoma. Tl-weighted in-phase (c) and out-of-phase id) 
SGE and transverse and coronal Tl-weighted postgadolinium interstitial-phase SGE (e,f) images demonstrate a large heterogeneous 
mass that does not show signal drop on out-of-phase image and shows heterogeneous enhancement on postgadolinium images. 
The left adrenal gland is not detected. The diagnosis was schwannoma histopathologically. 
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Fig. 8.46 Adrenal lymphoma. Immediate postgadolinium GE (a) and 4-min fat-suppressed gadolinium-enhanced spin-echo 
Qf) images. Minimal enhancement is present of bilateral lymphomatous involvement of the adrenals on the immediate postgado- 
linium images (arrows, a). On the more delayed interstitial-phase images, mild diffuse heterogeneous enhancement is apparent (£>). 
On the basis of the immediate postgadolinium images alone, the adrenal masses could be confused with cysts because of the hypo- 
vascularity of the tumors. Diffuse gastric wall involvement (large arrow, b) and retroperitoneal adenopathy (thin arrow, b) are noted. 



MISCELLANEOUS 



Inflammatory Disease 

The adrenal glands may be involved in granulomatous 
disease, most commonly due to tuberculosis, followed 
by histoplasmosis and blastomycosis [88-91]. Diffuse 
enlargement of both adrenal glands is the most common 
appearance. In rare instances, massive enlargement 
may be seen. Slight heterogeneity of signal intensity is 
generally observed on Tl- and T2-weighted images [91]. 
Minimal heterogeneous enhancement on early postg- 
adolinium images, which progresses over time, is also 
common (fig. 8.47). Signal intensity does not drop on 
out-of-phase images. 

Adrenal Hemorrhage 

Adrenal hemorrhage occurs secondary to bleeding dia- 
thesis, severe stress, blood loss with resultant hypoten- 
sion (surgery, childbirth, or sepsis), or trauma [75, 92]. 
In the setting of primary antiphospholipid syndrome, 
adrenal infarction may occur with or without MR- 
detectable hemorrhage, and hemorrhage may extend 
into the perirenal space [93-95]. Acute awareness of 
adrenal hemorrhage on tomographic images is impor- 
tant in that clinical findings may be nonspecific and fatal 
acute adrenal insufficiency may result [96]. MRI is very 
sensitive for the detection of adrenal hemorrhage and 
is superior to CT imaging. Subacute hemorrhage is high 
in signal intensity on Tl-weighted images [93, 97-99], 
and the high signal intensity is more conspicuous on 




Fig. 8.47 Tuberculosis involvement of the adrenals. 

Gadolinium-enhanced Tl-weighted fat-suppressed spin-echo 
image demonstrates bilateral adrenal enlargement with hetero- 
geneous mild enhancement (arrows). (Reproduced with per- 
mission from Semelka RC, Shoenut JP. The adrenal glands. In 
Semelka RC, Shoenut JP (eds.). MRI of the Abdomen with CT 
Correlation. New York: Raven Press, p. 77-90, 1993) 



fat-suppressed Tl-weighted images (figs. 8.48 and 8.49). 
Decrease in lesion size over time helps to confirm that 
the adrenal enlargement is due to hemorrhage (fig. 
8.48). In patients after liver transplantation, adrenal 
hemorrhage may occur and may present as an adrenal 
mass, which on MRI 3-4 weeks after transplantation is 
markedly hyperintense on T2-weighted images and 
demonstrates a hypointense capsule [62]. 
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Fig. 8.48 Adrenal hemorrhage. Tl-weighted fat-suppressed spin-echo image id) and Tl-weighted fat-suppressed spin-echo 
image obtained 7 weeks later Qf). The Tl-weighted fat-suppressed image acquired 1 week after abdominal trauma (a) demonstrates 
a right adrenal mass with a hyperintense peripheral rim. This appearance is classic for a subacute hematoma. Seven weeks later, 
the mass has diminished in size and remains high in signal intensity because of persistence of extracellular methemoglobin (b). 





Fig. 8.49 Adrenal hemorrhage. Tl-weighted fat suppressed GE (a) and T2-weighted echo-train spin-echo(&) images in a 
4-day-old patient. Mass arising from right adrenal is hypointense with a thin hyperintense rim on Tl (a) and heterogeneous on T2 
(b) with hyper- and hypointense areas representing products of hemorrhage. The peripheral high-signal rim on noncontrast Tl- 
weighted fat-suppressed image (arrows, a) represents extracellular methemoglobin and is virtually pathognomonic for a subacute 
hematoma. 



Addison Disease 

Addison disease results from adrenal insufficiency. The 
tomographic appearance of the adrenal glands may 
assist in the diagnosis of the underlying cause [89, 96, 
99-101]. Autoimmune disease or pituitary insufficiency 
is suggested by the presence of atrophic glands [80, 81]. 
Adrenal hemorrhage may be readily diagnosed by the 
demonstration of high-signal-intensity substance on Tl- 
weighted images in bilaterally enlarged glands [97-99]. 
Enlarged glands without hemorrhage suggest granulo- 
matous disease [89]. Metastases may uncommonly result 



in adrenal insufficiency, and the adrenal glands are 
massive in this setting. 



FUTURE DIRECTIONS 

State-of-the-art scanners with phased-array coils permit 
acquisition of higher-spatial-resolution MR images. MRI 
of the adrenals may further evolve with the use of paral- 
lel imaging techniques, yielding improvement in both 
spatial and temporal resolution [102]. 
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LARISSA BRAGA, ERSAN ALTON, JORGE ELIAS, JR., DIEGO R. MARTIN, 
SANG SOO SHIN, and RICHARD C. SEMELKA 



NORMAL ANATOMY 



The kidneys are paired organs that lie in the retroperi- 
toneum. They are situated within the perirenal space, 
which contains abundant fat. Kidney and adipose tissue 
together are enclosed within renal fascia that is called 
the Gerota fascia posteriorly and the Zuckerlandl fascia 
anteriorly. The kidney is surrounded by a fibroelastic 
capsule, usually not visible on tomographic images. The 
renal capsule is connected to the perirenal fascia through 
fibrous trabeculae that traverse perirenal fat. At the 
lateral renal borders, the anterior and posterior fascial 
layers fuse to form the lateroconal fascia. Superiorly the 
fascia fuse, whereas inferiorly they are open, forming a 
potential communication with the anterior and posterior 
pararenal spaces. Anterior pararenal space is located 
between anterior perirenal fascia and posterior parietal 
peritoneum, while posterior pararenal space is located 
between posterior pararenal fascia and transversalis 
fascia. 

The medial surface of the kidney shows the hilum 
containing vessels, nerves, and the renal pelvis of the 
ureter. The hilum leads into a larger space, or renal 



sinus, containing the calyces, vessels, and fat. The renal 
parenchyma contains an external cortex and internal 
medulla. The cortex contains glomeruli and convoluted 
tubules. The medulla contains convoluted tubules and 
is seen as conical structures or pyramids. 

The cortex arches over the bases of the pyramids 
and extends between them toward the renal sinus as 
the renal column of Bertin. The apices of the renal 
pyramids converge to the renal sinus, where they 
project into calyces as papillae. 



MRI TECHNIQUE 

The basic MRI examination of the kidneys involves 
non-fat-suppressed and fat-suppressed single-shot echo- 
train spin-echo T2-weighted sequences with pre- and 
postgadolinium Tl -weighted 2D-SGE or 3D-GRE images 
acquired as non-fat-suppressed and fat-suppressed 
sequences. The first set of postgadolinium images 
should be acquired as an immediate postgadolinium 
hepatic arterial phase or capillary-phase SGE or 3D-GRE 
sequence. A diagnostically useful protocol is as follows: 
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1) coronal T2-weighted single-shot echo-train spin- 
echo; 2) transverse non-fat-suppressed and fat-sup- 
pressed T2-weighted single-shot echo-train spin-echo; 
3) transverse precontrast Tl -weighted breath-hold in- 
phase and out-of-phase SGE; 4) transverse precontrast 
breath-hold Tl -weighted fat-suppressed SGE or 3D- 
GRE; 5) transverse dynamic capillary-phase gadolinium- 
enhanced Tl-weighted SGE or 3D-GRE; and 6) 



transverse, coronal, and sagittal gadolinium-enhanced 
interstitial-phase Tl-weighted fat-suppressed SGE or 
3D-GRE techniques (fig. 9-1) [1]. 

Pre- and postcontrast image acquisition in the sagit- 
tal or coronal plane frequently is helpful to 1) evaluate 
the superior and inferior borders of renal lesions; 2) 
characterize lesions as cystic or solid; or 3) demonstrate 
renal/perirenal location and extension. The advantage 





Fig. 9-1 Normal kidneys. Coronal (a) and transverse (£>) T2-weighted SS-ETSE, Tl-weighted gradient-echo (c), Tl-weighted 
fat-suppressed gradient-echo (d), immediate postgadolinium gradient-echo (e), and axial (/) and sagittal (g) interstitial-phase 
fat-suppressed postgadolinium Tl-weighted gradient-echo images. Corticomedullary differentiation is best seen on pregadolinium 
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Fig. 9-1 (Continued) fat-suppressed Tl-weighted images (d) and immediate postgadolinium images (e). The sagittal plane is 
effective at showing small lesions in the polar regions of the kidneys. Coronal (h) and transverse (i) interstitial-phase 3D gradient- 
echo images in a second patient. 3D gradient echo allows multiplanar reconstruction and is particularly well suited for display 
of vascular structures, because of the thin slice thickness. T2-weighted short tau inversion recovery (/), T2-weighted non-fat- 
suppressed (&) and fat-suppressed (/) single-shot echo-train spin-echo, Tl-weighted spoiled gradient-echo (SGE) in-phase (m) and 
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Fig. 9-1 (Continued) out-of-phase (n), and Tl-weighted post- 
gadolinium hepatic arterial dominant-phase (o), hepatic venous- 
phase (p), and interstitial-phase (q) fat-suppressed 3D-GE images 
at 3.0 T demonstrate the kidneys in another normal patient with 
high image quality. The image quality of postgadolinium 3D-GE 
images is particularly very good. However, the corticomedullary 
signal difference is not as strong at 3.0 T compared to that at 1.5T, 
because of lower contrast resolution of SGE sequences at 3.0 T. 
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of using a 3D-GRE technique is that it permits acquisi- 
tion of data in one plane (e.g., coronal or axial) and 
reconstruction in other planes. 3D-GRE sequences 
should be preferred in state-of-art MR systems. 

MR angiography (MRA) has achieved diagnostically 
sufficient image quality to reproducibly demonstrate 
main renal arterial disease (fig. 9.2) [2, 3L 3D-GRE 
images may also serve as an MRA sequence, although 
for detailed vascular studies a dedicated MRA technique 
(thin-section 3D-GE MRA sequence) may be necessary. 
Reproducible demonstration of intraparenchymal small 
vessel disease has not yet been realized. 

The echo-train spin-echo (ETSE) technique may be 
tailored to generate an MR urogram effect, which 
in early reports has been shown to be effective at elu- 
cidating causes of a dilated renal collecting system [4]. 
Temporal changes in signal intensity of renal cortex and 
medulla following contrast injection provide informa- 
tion on renal function [5-7]. The ability to generate 
diverse imaging information on tissue morphology, 
renal vessels, collecting system, and function renders 



MRI a comprehensive diagnostic modality for investigat- 
ing renal disease [8]. Images acquired at 10-15 min after 
gadolinium may be obtained by using 3D-GRE to create 
a contrast-enhanced urographic picture. 

Gadolinium chelates are freely filtered by renal 
glomeruli and undergo excretion by renal tubules with 
no tubular reabsorption or excretion [9]. Because of this 
elimination pathway, gadolinium chelates are ideal for 
studying morphology and function of the kidneys. 
Gadolinium possesses the additional property of chang- 
ing signal intensity based on concentration. When dilute, 
gadolinium shortens Tl relaxation and renders urine 
high in signal intensity. When concentrated, gadolinium 
induces magnetic susceptibility and signal intensity loss, 
causing urine to be low in signal intensity [5-7]. The 
concentrating ability of the kidneys can be evaluated by 
gadolinium-enhanced MRI, a property that cannot be 
assessed by dynamic iodine enhanced CT imaging. 

3.0 T MR systems have improved the ability of 
MR imaging by increasing signal-to-noise ratio. Higher 
signal-to-noise ratio can be translated into higher spatial 





Fig. 9-2 MRA of normal kidneys. Coronal MIP of bolus gadolinium-enhanced 3D gradient-echo image (a) demonstrates normal 
renal arteries in sharp detail (arrows). The left renal vein is also opacified (long arrow, a). Coronal 3D MIP reconstruction of gad- 
olinium-enhanced source images (b) in a second patient demonstrates normal renal arteries with intrarenal branches visualized. 




Fig. 9-2 (Continued) Coronal 3D reconstructed MIP image of postgadolinium 3D-GE MRA image (c), coronal thin-section 3D-GE 
MRA source images (d-f), and transverse thin-section reformatted 3D-GE MRA images (g, h) at 3.0 T demonstrate bilateral normal 
renal arteries (arrows, c, e) and their ostia (arrows, f-h) in another patient. 
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and temporal resolution. Higher spatial and temporal 
resolution allows acquiring thinner and higher matrix 
images faster. These advantages may facilitate the detec- 
tion of small focal lesions or subtle diffuse processes 
on MRI and MRA images. 



NORMAL VARIANTS AND 
CONGENITAL ANOMALIES 

Initially in utero, the kidneys are located in the pelvis, 
but through growth of the caudal region of the embryo 
they "ascend" to the abdomen. About 10% of the popu- 
lation is born with potentially significant malformations 
of the urinary tract [10]. The organogenesis of the kidney 
is complex, and a diverse array of anomalies affects the 



urinary tract. The majority relate to abnormalities of 
renal position (fig. 9-3), form, mass, and number. 

Prominent columns of Bertin are frequently 
observed in kidneys, and it may be difficult to distin- 
guish these from renal masses on other imaging modali- 
ties. Columns will follow the signal intensity of renal 
cortex on all pre- and postgadolinium images. An impor- 
tant observation is that on immediate postgadolinium 
images the column enhances to the same extent as renal 
cortex and follows a smooth, continuous contour with 
cortex. On more delayed images, the enhancement of 
the column remains isointense with cortex (fig. 9.4). 

Persistent fetal lobulation is another common 
normal variant. Coronal images demonstrate the undu- 
lating contour of the kidney. Immediate postgadolinium 
images show uniform cortical thickness, which excludes 
the presence of a mass (fig. 9.5). 




Fig. 9-3 Malrotation. Tl -weighted fat-suppressed post- 
gadolinium SGE image. The most common form of malrotation 
is anterior orientation of the pelvis. 




Fig. 9.4 Prominent column of Bertin. Coronal Tl- 
weighted gradient-echo postgadolinium image. Bertin column 
(arrow) follows a continuous contour and remains isointense 
with the renal cortex. 





Fig. 9-5 Fetal lobulation. Coronal T2-weighted SS-ETSE (a) and transverse Tl -weighed immediate postgadolinium SGE (£>) 
images. Coronal SS-ETSE image (a) demonstrates an undulating contour of the entire left kidney. The immediate postgadolinium 
SGE image (b) shows uniform cortical thickness, excluding the presence of a mass. 
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Ectopic kidney refers to the malposition of one or 
both kidneys. Pelvic kidney accounts for most cases of 
ectopic kidney. In this case the kidneys are often mal- 
formed (fig. 9.6). The presence of intense uptake of 
gadolinium chelates by renal cortex and identification 
of renal corticomedullary organization allows confident 
diagnosis of this entity. 

Horseshoe kidney occurs in about 1 in every 600 
persons and is the most common form of renal fusion. 
It is defined as the midline fusion of two distinct renal 
masses, each with its own ureter and pelvis. This entity 
is demonstrated on tomographic images by the fusion 
of the lower poles of both kidneys across the midline, 
immediately anterior to vertebral bodies (fig. 9.7). 

Crossed fused ectopia is an uncommon entity. In 
crossed ectopia, the ectopic kidney is situated opposite 
the side of insertion of its ureter in the trigone. Fusion 
with the other kidney is present in 90% of cases. Crossed 
fused ectopy can be diagnosed on MR images by the 
identification of corticomedullary organization in the 
mass. Direct coronal imaging is helpful in demonstrating 
the fused renal moieties (fig. 9.8). Extrarenal anomalies 
(genital, skeletal, and anorectal) occur in up to 25% of 
patients [11]. Pelvic fused kidneys is another uncommon 
entity (fig. 9.8). Each kidney generally has its own col- 
lecting system. 

Duplication of the collecting system is a relatively 
common anomaly, which may sometimes be difficult to 
detect on transverse tomographic images (fig. 9-9). 

Hypoplastic kidney. Renal hypoplasia is defined 
as failure of the kidney to develop to a normal size. 
The hypoplastic kidney is a congenitally small (<50% 
of normal) but otherwise normally developed kidney. 



The small size of the kidney is usually a manifestation 
of a marked reduction in the number of renal lobes. 
The normal adult kidney has a minimum of 10 lobes, 
each composed of a medullary pyramid surrounded by 
a cap of cortex. Hypoplastic kidney possesses only one 
to five lobes. Hypoplastic kidneys have an intact col- 
lecting system and normal cortical enhancement. The 
renal artery, however, is diminutive, suggesting that 
in utero vascular compromise may be the underlying 
cause. Renal injury sustained in childhood such as 
surgery, radiation, or reflux may result in a small, 
smooth kidney similar in appearance to a true hypo- 
plastic kidney (fig. 9.10). 

Hyperplastic (hypertrophic) kidney. Renal 
hyperplasia that results in renal enlargement occurs in 
the setting of longstanding compromise or absence of 
the contralateral kidney. Hyperplasia is most pro- 
nounced if the original stimulus for renal enlargement 
occurs in childhood. Generalized, globular renal enlarge- 
ment with increased thickness of renal cortex is observed 
particularly on immediate postgadolinium gradient echo 
images (fig. 9.11). 



DISEASE OF THE RENAL 
PARENCHYMA 

Mass Lesions 

A number of renal masses have distinctive MR imaging 
appearance that can be described on T2-weighted, Tl- 
weighted, and early and late postgadolinium images 
(Table 9.1). 





Fig. 9-6 Pelvic kidney. Tl -weighted immediate postgadolinium SGE image (a). The presence of corticomedullary differentia- 
tion identifies the pelvic mass as a kidney. Transverse (£>) and sagittal (c) Tl -weighted gadolinium-enhanced fat-suppressed 
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Fig. 9-6 (Continued) SGE images in a second patient and coronal T2-weighted SS-ETSE image id) in a third patient demonstrate 
other examples of a pelvic kidney. Transverse (e) and sagittal (f) Tl -weighted postgadolinium arterial phase 3D-GE images demon- 
strate the ectopic pelvic kidney in another patient. 
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Fig. 9-7 Horseshoe kidney. Tl -weighted immediate (a) and 
90-s fat-suppressed (b) postgadolinium SGE and coronal 3D FISP 
gadolinium-enhanced (c) images. The presence of corticomedul- 
lary differentiation in the immediate postcontrast image (a) dem- 
onstrates that the retroperitoneal mass is a horseshoe kidney and 
that the isthmus contains functional renal parenchyma. Uniform 
enhancement of the renal parenchyma is present on later images 
(b). Coronal gadolinium-enhanced 3D FISP demonstrates the 
horseshoe shape of this anomaly, and the renal arteries are well 
displayed (arrows, c). 





Fig. 9-8 Crossed fused ectopy. Coronal Tl-weighted precontrast SE images (a, b) demonstrate fusion of a small inferomedial 
kidney to the normal-sized and -positioned left kidney. Clear depiction is rendered by the definition of corticomedullary differentia- 
tion. The collecting system of the normally positioned left kidney is normal in size (arrow, a), whereas the crossed fused right 
kidney has a mildly dilated collecting system (arrow, b). Pelvic fused kidneys. Transverse T2-weighted single-shot echo-train 
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Fig. 9-8 (Continued) spin-echo (c), coronal Tl -weighted SGE (d), transverse Tl -weighted postgadolinium venous-phase SGE 
(e), and coronal Tl-weighted interstitial-phase 3D-GE (/") images demonstrate fused pelvic kidneys in another patient. Each kidney 
has its collecting system (arrows, d-f). 



Benign Masses 

Cysts. Benign cystic diseases of the kidney are a 
heterogeneous group comprising both hereditary and 
acquired disorders. These lesions are an important clini- 
cal entity [12] for reasons that include: 

1. They are common and sometimes present diag- 
nostic challenges for clinicians, radiologists, and 
pathologists. 



2. Forms such as adult polycystic disease are important 
causes of renal failure. 

3. Cysts can occasionally be confused with malignant 
tumors. 

simple cysts. Simple renal cysts are the most 
common renal lesion in the adult. Number and size of 
cysts tend to increase with age [13]. Simple cysts occur 
as single, sometimes multiple, fluid-filled, oval-shaped 
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Fig. 9-9 Duplex collecting system. Coronal T2-weighted SS-ETSE (a) and Tl-weighted fat-suppressed postgadolinium SGE (b) 
images demonstrate a duplicated collecting system in the right kidney. Note the thick column of Bertin separating the two pelves. 




Fig. 9-10 Hypoplastic kidney. Coronal Tl-weighted precon- 
trast SGE (a), coronal T2-weighted SS-ETSE (£>), and immediate 
postgadolinium SGE (c) images. Small kidney secondary to ureter 
reimplantation in infancy. The right kidney is small and smooth in 
contour and has uniform cortical thickness (a-c). Corticomedullary 
differentiation is preserved on precontrast Tl-weighted images. 
Mild caliectasis with dilatation of the intrarenal collecting system 
is demonstrated on the T2-weighted image (b), reflecting the 
underlying disease of the collecting system. On the immediate 
postgadolinium image (c), the renal cortex is thin but uniform in 
thickness, and enhancement is symmetric with the normal left 
kidney. 
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structures in the cortex [14]. Cysts are considered simple 
when they contain clear to amber-colored serous fluid, 
similar in composition to urine. By MRI, simple cysts 
are high signal intensity on T2-weighted images and 
signal void on Tl-weighted images and do not enhance 
after contrast. Cysts are sharply demarcated from adja- 
cent renal parenchyma and have a very thin definable 
wall when they extend beyond the renal cortex (fig. 
9.12) [1, 15]. Simple cysts may be observed as nearly 
signal-void lesions on postgadolinium images even 
when they measure 3 to 4 mm in diameter. Sagittal or 
coronal images permit direct visualization of the supe- 
rior and inferior margins of cysts. 

complex cysts. Cysts are considered complex 
when they contain hemorrhage, proteinaceous material, 
septations, calcifications, or thickened wall. Region of 




Fig. 9-11 Renal hypertrophy. Tl-weighted immediate 
postgadolinium SGE image demonstrates generalized enlarge- 
ment of the left kidney with uniform thickness of renal cortex. 
This adult patient had undergone a right nephrectomy. 



interest measurements on pre- and postgadolinium Tl- 
weighted images are useful to ensure lack of contrast 
enhancement in cysts that are high in signal intensity 
on pre- and postcontrast images [16]. One approach that 
can be employed to determine whether stromal enhance- 
ment is present in a complex renal lesion is to use 
subtraction imaging, in which postgadolinium images 
are subtracted from the same slice position precontrast 
images (fig. 9.13). This may be best performed with 3D 
gradient echo imaging, as section thickness is thinner 
and 3D data sets register more accurately. 

A series [17] compared the MR imaging appearance 
of complex cysts and cystic renal neoplasms. In that 
series, the combination of mural irregularity and intense 
mural enhancement in renal cystic lesions was a strong 
predictor of malignancy (JP = 0.0002). In comparison, 
benign cysts that exhibited a thickened enhancing wall 
showed more uniform mural thickening. Rarely, benign 
cysts may contain nodules, which render them suspi- 
cious for renal cancer (fig. 9.14). 

MR imaging is superior to CT to detect septa in 
cystic lesions, to delineate the number, thickness, and 
contour of septa, and to characterize lesions based on 
the pattern and degree of enhancement. Additional 
features observed only on MRI may alter the Bosniak 
classification, which was originally based on CT images, 
and this may influence the management of some cystic 
lesions [18]. 

hemorrhagic/proteinaceous cysts. Hemorrhagic/ 
proteinaceous cysts are commonly encountered on MR 
examinations. Many of these cysts are not identified 
as hemorrhagic/proteinaceous on CT examinations, 
which reflects the higher sensitivity of MRI for the detec- 
tion of blood and protein. The majority of hemorrhagic 
cysts are high in signal intensity on T2-weighted and 



Table 9.1 


Pattern Recognition of Common Renal Lesions on Tl, T2, and Early and Late 


Postgadolinium Images 








Lesion 


T1 


T2 


Early 


Late 


Other 


Simple cyst 


u 


TT 


O 


O 


No definable wall 


Complex cyst 


l-t 


l-t 


O 


O 


Mural enhancement may be present 


Angiomyolipoma 


T 





O-T 


O-T 


On out-of-phase T1 -weighted images, AML shows a black ring phase cancellation 
artifact; lesions diminish in signal on T1 -weighted fat-suppressed images. 


Renal cell 


T-T 


0-T 


T 


I 


The majority are hypervascular. The majority washout on delayed images 
relative to renal parenchyma. 


Lymphoma 


0-T 


0-T 


Minimal 


Minimal 


Lymphoma rarely has central necrosis. Most often, the tumor has a large 
extrarenal retroperitoneal component. 



ii moderately to greatly decreased signal intensity 

i mildly decreased signal intensity 

isointense 

T mildly increased 

TT greatly increased 

O absent 
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Fig. 9-12 Renal cyst. Tl -weighted immediate (a) and 5-min (b) postgadolinium SGE images. A cyst is present, arising from the 
posterior aspect of the left kidney. The cyst is sharply marginated and signal void and has no definable wall on the immediate post- 
gadolinium image (arrow, a). No change in the appearance of the cyst occurs on the delayed postcontrast image (£>). Sagittal 5-min 
postgadolinium SGE image (c) of the left kidney in a second patient demonstrates a sharp superior and inferior margin of the renal 
cyst, confirming that it is a simple cyst. Sagittal T2-weighted SS-ETSE id) image in a third patient shows multiple bilateral simple 
renal cysts. Coronal T2-weighted single-shot echo-train spin-echo (e) and transverse Tl-weighted fat-suppressed hepatic arterial 
dominant (/) and interstitial phase (g) 3D-GE images demonstrate a large simple cyst with homogeneous internal structure 
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Fig. 9-12 (Continued) and relatively thin wall in another 
patient. The posterior part of the kidney is compressed because 
of the large size of the simple cyst. Coronal (h) and transverse (i) 
T2-weighted single-shot echo-train spin-echo, Tl -weighted magne- 
tization-prepared rapid gradient-echo (MPRAGE) (/'), and Tl- 
weighted postgadolinium interstitial-phase MPRAGE (k) images 
demonstrate multiple cysts in another patient developing second- 
ary to lithium toxicity. Although the presence of small millimetric 
cysts (arrows, b, i) is a typical feature of lithium toxicity, large 
cysts may also be seen, as in this patient. These simple cysts, 
which are located in both kidneys, have homogeneous internal 
structure and thin walls and show no enhancement. Note that 
there is a acute-subacute stage hemorrhagic cyst (black arrows, /, 
j), which has low signal on T2-weighted image (i) and heteroge- 
neous signal on Tl -weighted image (/')• 
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Fig. 9-13 Kidney cancer, subtraction image. SGE (a), 1-min postgadolinium SGE (&), and 1.5-min postgadolinium fat-sup- 
pressed SGE (c) images and subtraction image of precontrast from postcontrast image id). The kidney lesion is heterogeneous and 
slightly high signal on precontrast images, with a heterogeneous postcontrast appearance that is suggestive but not definitive for 
cancer. The subtraction image clearly reveals that stromal enhancement of the lesion is present, consistent with cancer. Complex 
cyst, subtraction image. Transverse Tl-weighted SGE image (e), transverse Tl-weighted postgadolinium true late hepatic arterial- 
phase SGE image (/), and coronal Tl-weighted postgadolinium fat-suppressed interstitial-phase 3D-GE image (g) and its correspond- 
ing subtraction image Qf) demonstrate a complex cyst (thick arrows, e-h) of the left kidney in another patient. The complex cyst 
shows heterogeneous high signal on Tl-weighted images, suggesting the presence of subacute blood products or proteinaceous 
material. The complex cyst is septated (e, /), has a thin wall (e, /), and contains solid components that show hypointense signal 
suggesting the presence of chronic hemorrhage or calcification (e,f). Subtraction image does not show any stromal enhancement 
in the complex cyst. Note that there is a small simple cyst (thin arrows, e, /) in the right kidney. 
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Fig. 9-13 (Continued) 





Fig. 9-14 Benign cyst with nodule. Transverse Tl-weighted 
precontrast (a) and immediate postgadolinium (b) SGE images and 
sagittal 2-min fat-suppressed postgadolinium SGE image (c). In the 
posterior aspect of the right kidney, there is a small nodule (arrow, 
a) within a cyst that enhances moderately after contrast (arrows, 
b, c). At histopathology, the nodule was benign. 
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Tl -weighted images because imaging studies are often 
acquired in the subacute phase of hemorrhage, which 
lasts from 1 to 4 weeks after bleeding (fig. 9.15). The 
observation that most hemorrhagic cysts are high signal 
intensity on T2- weighted and Tl -weighted images 
reflects the long time period in which blood is present 
as extracellular methemoglobin. Hemorrhagic cysts may 
be readily diagnosed as benign if they are homoge- 
neously high in signal intensity on both T2-weighted 
and Tl -weighted images or if they show a fluid-fluid 
level and have a smooth, thin wall (fig. 9.16). Many 
cysts that are high in signal intensity on precontrast Tl- 
weighted images are rendered low in signal intensity 
after gadolinium administration because of rescaling of 
abdominal tissue signal intensities with the presence of 
gadolinium (fig. 9.17). Occasionally, organizing hemor- 
rhage contains fibrous strands that make distinction 
from solid neoplasm difficult. 

Acute or early subacute hemorrhage that contains 
intracellular deoxyhemoglobin or intracellular methe- 
moglobin may pose a diagnostic problem. On T2- 
weighted images, these cysts may be low in signal 
intensity and have an appearance resembling solid 
neoplasm (fig. 9.18). Proteinaceous cysts have a similar 
appearance. The majority of cysts that are high signal 
on Tl -weighted and low signal on T2- weighted are 
likely proteinaceous. This can be readily observed 
because proteinaceous cysts will remain low signal on 
T2-weighted images for prolonged periods of observa- 
tion, whereas acute hemorrhagic cysts should eventu- 
ally appear high signal on T2-weighted images, reflecting 
conversion of blood breakdown products to extracel- 
lular methemoglobin. Because of the occasional occur- 
rence of relatively acute blood or protein in cysts, 
caution must be exercised in using T2-weighted infor- 
mation to determine whether lesions are cystic or solid. 
In cysts containing acute hemorrhage, the demonstra- 
tion of lack of lesion enhancement, and sharp margin- 
ation with no internal change, on serial postgadolinium 
images acquired up to 5min after contrast injection are 
important imaging findings to show that they are cysts 
(see fig. 9.18). Clinical history and follow-up MRI at 3 
to 6 months also may be required. 

septated cysts. Septations in cysts may occur as a 
result of various events, including fibrin strands after 
hemorrhage or inflammation, or close juxtaposition of 
two or more cysts. Demonstration that septations are 
uniform and thin (<2mm), and without enhancing 
nodular components helps to ascertain that septated 
cysts are not malignant (fig. 9.19). 

calcified cysts. Calcium is generally signal void 
on MR images. Although calcium is difficult to appreci- 
ate on MR images, the lack of signal allows clear visu- 



alization of surrounding tissue and internal morphology 
[15]. Therefore, the presence of tumor tissue is readily 
determined. An advantage of MRI over CT imaging and 
ultrasound in the evaluation of calcified cysts is that 
calcium does not interfere with the evaluation of adja- 
cent soft tissue. MRI is therefore indicated for the evalu- 
ation of calcified cysts (fig. 9.20). 

cysts with thickened walls. Some cysts possess 
thickened walls that by MR imaging are usually regular 
in thickness and contour but rarely may be irregular. 
Cyst contents are occasionally moderate to high in 
signal intensity on Tl -weighted images because of the 
presence of protein or subacute blood (fig. 9.20). The 
thickened cyst wall may enhance moderately with gado- 
linium (fig. 9-21). Histopathologic examination of this 
category of complex cysts shows prominent reactive 
macrophage infiltration of either the cyst wall or adja- 
cent renal parenchyma [17]. These cysts occasionally 
have a prominent perinephric component of inflamma- 
tory tissue, greater than that typically seen for cystic 
renal cancers. However, it may not be possible to dis- 
tinguish these cysts from cystic renal cancers. Surgery, 
therefore, cannot be avoided for some of these lesions. 
If surgery is not performed, close imaging follow-up is 
recommended. 

PERINEPHRIC PSEUDOCYSTS (PARAPELVIC CYSTS). 

Perinephric pseudocysts are formed from extravasations 
of urine into perinephric fat in the region of the renal 
sinus. These lesions may result from blunt trauma to 
the kidney or surgical procedures in which the renal 
pelvis or calyces are damaged or the renal capsule is 
torn, but often the underlying cause is unknown and 
they are observed as incidental findings observed more 
commonly in elderly patients. Some degree of accom- 
panying urinary obstruction is not uncommon, and 
occasionally these cysts may present with urinary 
obstruction [19]. Perinephric pseudocyst may be solitary 
or, more commonly, multiple and bilateral. On imaging 
examinations, they appear as cystic lesions most com- 
monly located in the renal sinus. On MRI, they show 
high signal intensity on T2-weighted images, low signal 
intensity on Tl -weighted images, and lack of enhance- 
ment on postcontrast images. At times these lesions may 
be difficult to distinguish from a dilated renal collecting 
system. Images acquired 10-20 min after gadolinium 
demonstrate that cystic structures in the area of the renal 
sinus represent perinephric pseudocysts and not dilated 
collecting system (fig. 9.22). Gadolinium is sufficiently 
dilute on late postcontrast images to render urine high 
in signal intensity, which allows differentiation between 
high signal intensity dilute gadolinium-containing urine 
in the collecting system and low-signal intensity fluid 
in perinephric pseudocyst. A MR urogram may also 
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Fig. 9-15 Simple and hemorrhagic cysts. Coronal T2-weighted SS-ETSE (a), transverse Tl-weighted precontrast (&), precon- 
trast fat-suppressed (c), and 90-s fat-suppressed postgadolinium (d) SGE images. Exophytic simple and hemorrhagic renal cysts are 
side by side, arising from the lower pole of the right kidney. The hemorrhagic cyst shows low signal intensity on T2-weighted 
image (a) and high signal intensity on Tl-weighted precontrast images (b, c), signal behavior opposite to that of the simple cyst. 
T2-weighted SS-ETSE (e) and immediate postgadolinium SGE (/) images in a second patient show bilateral simple renal cysts and, 
at the same tomographic level arising from the lateral aspect of the right kidney, another cyst with low signal intensity on T2 (e)- 
and increased signal on Tl (/)-weighted images, consistent with increased protein content or hemorrhage. 
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Fig. 9-16 Hemorrhagic cyst. T2-weighted SS-ETSE (a) and Tl-weighted fat-suppressed postgadolinium SGE (b) images. A cyst 
in the right kidney demonstrates layering material that is low signal on T2 (a)- and high signal on Tl (£>)-weighted images, consistent 
with hemorrhage. Coronal T2-weighted SS-ETSE (c) and Tl-weighted gradient-echo id) and transverse Tl-weighted fat-suppressed 
3D gradient-echo (e) and immediate postgadolinium Tl-weighted fat-suppressed 3D gradient-echo (/) images in a second patient 
with bilateral renal cyst. The cyst in the left kidney exhibits low signal on T2-weighted (c) and high signal on Tl-weighted (d, e) 
images and shows lack of enhancement on early-phase images (/), consistent with acute hemorrhage. In contrast, the cyst in the 
right kidney shows high signal intensity on T2-weighted images id) and lack of postcontrast enhancement (not shown) consistent 
with a simple cyst. 



demonstrate that these oval-shaped cystic lesions do not 
communicate with the renal collecting system. 

Autosomal Dominant Polycystic Kidney 
Disease. Autosomal dominant polycystic kidney 
disease (ADPKD) is characterized by the development 



of variably sized renal cysts in both kidneys, which 
progress over time. The disease usually becomes mani- 
fest in adult patients, which explains the alternate 
designation of adult-onset polycystic kidney disease. 
Patients usually present late in the course of the condi- 
tion with abdominal masses, hypertension, or after 
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Fig. 9-17 Hemorrhagic renal cysts. Tl -weighted precontrast (a) and precontrast fat-suppressed (b) SGE images. Bilateral 
renal cysts are apparent on the Tl-weighted image (a), which are high in signal intensity (arrows, a), a finding consistent with 
subacute blood or fat. Tl-weighted image with fat suppression (b) demonstrates that these lesions remain high in signal intensity 
and therefore are not fat containing. Fat suppression accentuates the high signal intensity of these cysts. Tl-weighted precontrast 
fat-suppressed (c) and immediate (d), 90-s fat-suppressed (e), and 5-min (/) postgadolinium SGE images in a second patient. A 
well-defined, uniformly high signal intensity hemorrhagic cyst is present in the left kidney on the fat-suppressed image (arrow, c). 
The cyst does not change in size or shape and does not demonstrate internal enhancement on serial postgadolinium images. Because 
of the intrinsic high signal intensity of the hemorrhage, the cyst is low in signal but not signal void on the postcontrast images. 




J. jir « 



(c) 




Fig. 9-18 Hemorrhagic cyst containing relatively acute 
blood (intracellular methemoglobin). Tl -weighted pre- 
contrast SGE (a), Tl -weighted precontrast fat-suppressed SE (&), 
T2-weighted fat-suppressed SE (c), Tl -weighted immediate post- 
gadolinium SGE (d), Tl-weighted fat-suppressed gadolinium- 
enhanced SE (e), and transverse 8-min (/) and sagittal 8.5-min (g) 
postgadolinium SGE images. A lesion is present in the right kidney 
(arrow, a), which is mixed high signal intensity on Tl-weighted 
precontrast images (a, b), low in signal intensity on T2-weighted 
image (c), and low in signal intensity on early (d) and delayed 
(e-g) images. The low signal intensity on the T2-weighted image 
(c) may mimic a solid lesion. Although the lesion is low in signal 
intensity and not signal void on postcontrast images, it is sharply 
marginated, has no definable wall or nodularity, and does not 
change in size and shape between early (d) and late (e-g) post- 
contrast images. The postcontrast sagittal plane image demon- 
strates that the superior and inferior margins of the cyst (arrow, 
g) are sharply defined. 
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Fig. 9.19 Septated renal cysts. Coronal T2-weighted SS-ETSE 
(a) and transverse Tl -weighted immediate (b) and 90-s fat- 
suppressed (c) postgadolinium SGE images. Multiple closely 
grouped cysts are present in both kidneys, which create an 
appearance of multicystic masses (a). Renal parenchyma enhances 
normally (£>), and the cysts do not change in size and shape on 
serial postgadolinium images (b, c), with no internal enhancement 
demonstrated. 



trauma. Renal failure is a late event. The disease is 
almost always bilateral, although unilateral disease has 
been described. Cysts are frequently present in other 
organs including liver, spleen, and pancreas. Patients 
are at risk of subarachnoid hemorrhage from ruptured 
berry aneurysms in the circle of Willis [20]. 

The typical MR appearance of ADPKD is that of 
bilaterally enlarged kidneys with multiple renal cysts of 
varying sizes involving all portions of the renal paren- 
chyma, distorting the normal renal shape and architec- 
ture. Early in the course of the disease, the cysts are 
small (fig. 9.23). Over time, kidneys enlarge massively. 
Cysts characteristically have varying signal intensities 
due to the presence of blood products of differing ages 
(fig. 9-24). Renal cell cancer may be associated with 
ADPKD, and it presents as a mass that enhances in a 
heterogeneous fashion. The liver is the organ in which 
extrarenal cysts are most commonly observed. Liver 
cysts range in number from solitary to numerous. Even 
with extensive liver involvement, cysts tend not to 
distort the hepatic architecture and usually are <2 cm in 
diameter [21, 22]. On occasion, liver cysts may be large 



and/or extensive throughout the liver (see Chapter 2, 
Liver). 

Autosomal Recessive Polycystic Kidney 
Disease. Autosomal recessive polycystic kidney disease 
(ARPKD) is a heritable but phenotypically heteroge- 
neous disorder characterized by nonobstructive renal 
collecting duct ectasia, hepatic biliary duct ectasia and 
malformation, and fibrosis of kidneys and liver. Liver 
pathology is referred to as congenital hepatic fibrosis 
and is always present in ARPKD [19]. 

Kidneys are usually bilaterally enlarged, with varying 
numbers of usually <l-cm cysts scattered through both 
kidneys. Patients often expire in infancy because of the 
effects of renal failure. In patients with less severe renal 
disease, progressive liver disease tends to result in 
patient death at less than 10 years of age. On MR images, 
multiple parenchymal cysts <1 cm in diameter are appar- 
ent on postgadolinium images (fig. 9-25). 

Multicystic Dysplastic Kidney. Multicystic dys- 
plastic kidney results from a congenital failure of fusion 
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Fig. 9.20 Cyst complicated by the presence of calcifica- 
tion, blood, and thickened wall. Transverse Tl -weighted 
precontrast SGE (a), T2-weighted fat-suppressed SE (&), and 
Tl -weighted immediate (c) and transverse 8-min (d) and sagittal 
8.5-min (e) postgadolinium SGE images. A lesion arises from the 
posterior aspect of the right kidney, which is mixed in signal 
intensity and contains signal-void calcifications (arrows, a) on the 
precontrast image. The lesion is mildly low in signal intensity on 
the T2-weighted image (£>), which mimics the appearance of a 
solid tumor. The complicated cyst remains moderate in signal 
intensity on postcontrast images, but it is sharply defined from 
adjacent cortex and does not change in size or shape between 
early (c) and late (d, e) postcontrast images. The superior margin 
of the cyst is well-defined on the sagittal image (arrow, e). 




of the metanephrosis and ureteric bud resulting in a 
nonfunctional cystic renal mass. The ureter is typically 
atretic. Multicystic dysplastic kidney typically is large in 
infancy and, if left untreated, atrophies with time. The 
cyst wall often calcifies during the atrophic process. 



Multicystic dysplastic kidney may be diagnosed in child- 
hood as a large multicystic mass that lacks organization 
of a collecting system and shows no evidence of normal 
renal parenchyma (fig. 9-26). Lesions also may be diag- 
nosed in utero with breathing-independent T2-weighted 
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Fig. 9.21 Cyst with thickened wall and reactive cellular infiltrate. Transverse Tl -weighed 45-s (a) and 90s fat-suppressed 
(b) postgadolinium SGE images and sagittal Tl-weighted 3- to 4-min interstitial-phase (c, d) postgadolinium SGE images. Note three 
cysts in the right kidney with thick enhancing walls that show no mural irregularity. 



SS-ETSE images (fig. 9.27). Occasionally, a large multi- 
cystic dysplastic kidney may be observed in adolescent 
or adult patients. 

Medullary Cystic Disease (Nephronophthisis — 
Uremic Medullary Cystic Disease Complex). Patients 
with medullary cystic disease typically present in ado- 
lescence with salt-wasting nephropathy and renal 
failure. On imaging studies, the renal medulla is exten- 
sively replaced by 1- to 2-cm cysts (fig. 9.28) [23]. 
As renal failure progresses, smooth cortical atrophy 
develops. 

Medullary Sponge Kidney. Medullary sponge 
kidney (MSK) is characterized by multiple cystic dilata- 
tions of the papillary collecting ducts. The disease is 
usually bilateral but may be unilateral or segmental. 
Patients present with calculi, obstruction, infection, or 



hematuria. Calculi are frequently present in the cystic 
cavities. 

Tubular ectasia is considered a precursor of MSK. 
On intravenous urography, tubular ectasia appears as 
contrast-filled tubular structures that radiate from the 
calyx into the papilla. A similar appearance may be 
appreciated on interstitial-phase gadolinium-enhanced 
MR images, with prominent radiating, enhancing tubular 
structures demonstrated in the renal papillae (fig. 9.29). 

Acquired Cystic Disease of Dialysis. Approxi- 
mately 50% of patients on long-term hemodialysis 
develop multiple renal cysts [24-26]. The etiology is 
uncertain but may relate to ischemia or fibrosis. Kidneys 
are usually atrophic at the time of development of cystic 
disease. Cysts tend to be predominantly superficial in 
location in the renal cortex and tend not to expand the 
kidney substantially in size, in contrast to ADPKD, in 






Fig. 9-22 Parapelvic cyst. T2-weighted coronal SS-ETSE (a), transverse fat-suppressed SE (£>), and transverse Tl-weighted 
immediate postgadolinium SGE (c) images. An oval-shaped, well-defined parapelvic cyst is present in the left renal sinus, which is 
separate from the collecting system (arrows, a, b). The parapelvic cyst is high in signal intensity on T2-weighted images (a, b) and 
signal void on the postgadolinium image (c). Sagittal SS-ETSE (d) and sagittal and transverse 90-s (e) and 120-s (/) postgadolinium 
fat-suppressed SGE images in a second patient with a pelvic kidney. Multiple parapelvic cysts are well shown as a grapelike cluster 
of cysts in the renal pelvis. 
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Fig. 9.23 Autosomal dominant polycystic kidney disease in the early stage of development. Contrast-enhanced CT (a) 
and Tl -weighted precontrast (£>), precontrast fat-suppressed (c), and immediate id) and late fat-suppressed (e) postgadolinium SE 
images. Multiple small bilateral renal cysts and a large left renal cyst are present. The majority of cysts are <1 cm in diameter, and 
the renal parenchyma is of normal thickness and not substantially distorted. These findings are consistent with early changes of 
autosomal dominant polycystic kidney disease. A large left renal cyst contains an internal septation on the CT image (arrow, a). 
Precontrast image (b) shows that the cyst is high in signal intensity and contains a low-signal-intensity reticular strand (arrow).This 
cyst does not suppress with fat suppression (c) and does not enhance with gadolinium (d), which is consistent with subacute blood 
in a hemorrhagic cyst. A signal-void rim is appreciated on the postcontrast Tl-fat suppressed image (e), which probably represents 
hemosiderin deposition. Transverse T2-weighted fat-suppressed SS-ETSE (/) and coronal Tl-weighed 90-s postgadolinium SGE (g) 
images in a second patient demonstrate multiple <2-cm cysts scattered throughout the renal parenchyma consistent with early-stage 
autosomal dominant polycystic kidney disease. Note that kidneys are not substantially enlarged at this point. Coronal T2-weighted 
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Fig. 9-23 (Continued) single-shot echo-train spin-echo Qf) and coronal Tl-weighted postgadolinium hepatic venous-phase (1) 
and interstitial-phase (7) fat-suppressed 3D-GE images demonstrate autosomal dominant polycystic kidney disease in the early stage 
of development in another patient. Multiple cysts that have various signal intensities on T2- and Tl-weighted images are detected 
in both kidneys. Various signal intensities of the cysts reflect various stages of blood products developing secondary to hemorrhage 
or proteinaceous material. One of these cysts with intermediate signal on both T2-weighted and Tl-weighted images is shown with 
an arrow (h-j). 



which cysts are scattered throughout the parenchyma 
and renal size is usually massive. Cysts generally are 
smaller in size than in ADPKD, measuring <2cm in 
diameter. Uncommonly, cysts may also be >2cm and/ 
or scattered throughout renal parenchyma. Hemorrhage 
is frequently present in renal cysts in patients with 
chronic renal failure. 

On MR images, multiple small cysts are present in 
both kidneys, mainly in a superficial renal cortical 



location (figs. 9-30 and 9-31). Cysts are frequently high 
in signal intensity on precontrast Tl-weighted images 
because of the presence of subacute blood (fig. 9-32). 
MRI is well suited for detection of renal cancer and 
discrimination between nonenhancing cysts and enhanc- 
ing cancers. Cysts demonstrate no evidence of enhance- 
ment and do not change in morphology on serial 
postcontrast images, whereas cancers and renal paren- 
chyma will demonstrate evidence of enhancement. 




Fig. 9-24 Autosomal dominant polycystic kidney disease. Coronal (a) and transverse (b) T2-weighed SS-ETSE and transverse 
Tl -weighted precontrast (c) and late fat-suppressed postgadolinium (d) SGE images. The kidneys are greatly enlarged, with 
numerous cysts. The majority of the cysts demonstrate high signal intensity on T2- and low signal intensity on Tl -weighted 
images consistent with simple cysts, but a sizable fraction have varying signal consistent with blood products of differing age. 
Postgadolinium image id) demonstrates no dominant enhancing areas worrisome for neoplasm. Coronal T2-weighted SS-ETSE (e) 
and transverse Tl -weighted fat-suppressed postgadolinium SGE (/) images in a second patient show the same findings described 
above. Evaluation for neoplasm in cystic kidneys such as these is difficult because of the varying signal of cysts. Transverse 





Fig. 9-24 (Continued) Tl-weighted precontrast (g) and pre- 
contrast fat-suppressed (h) SGE images, coronal (i) and transverse 
(j) T2-weighted SS-ETSE images, and Tl-weighted 90-s fat- 
suppressed postgadolinium SGE image (k) in a third patient. The 
kidneys are massively enlarged and contain multiple cysts of 
varying sizes scattered throughout the renal parenchyma, distort- 
ing renal architecture. Several cysts are high in signal intensity on 
precontrast Tl-weighted image (g), and the high signal intensity is 
accentuated on the fat-suppressed image (h). The hemorrhagic 
cysts vary in signal intensity on T2-weighted images (i, j), consis- 
tent with blood products of varying age. Minimal enhancing paren- 
chyma is apparent on late-phase image (k). Coronal T2-weighted 






Fig. 9-24 (Continued) single-shot echo-train spin-echo image (/), coronal Tl-weighted SGE image (m), coronal Tl-weighted 
fat-suppressed 3D-GE image (n), and coronal Tl-weighted postgadolinium fat-suppressed venous-phase 3D-GE image (o) and its cor- 
responding subtraction image (p) demonstrate autosomal dominant polycystic kidney disease in another patient. The kidneys are 
enlarged, and most of the renal parenchyma is replaced with multiple cysts bilaterally. Note that there are many cysts in the liver as 
a component of the disease. The cysts show various signal intensities on T2-weighted (/) and Tl-weighted (m) images, suggesting 
the presence of blood products at various stages, or proteinaceous material. High signal intensity of cysts may impair the detection 
of renal cell cancers on postgadolinium Tl-weighted images; therefore, subtraction images (/?), which are acquired by the subtrac- 
tion of precontrast Tl-weighted images (n) from postgadolinium images (o), are particularly helpful for the detection of renal cell 
cancers. However, the acquisition planes and slice locations should be exactly the same in order to get reliable results. Subtraction 
image (p) shows the enhancement of remaining renal parenchyma but no enhancement of any focal solid mass. T2-weighted short 
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Fig. 9-24 (Continued) tau inversion recovery (STIR) (q), Tl- 
weighted SGE (r), and Tl -weighted postgadolinium interstitial- 
phase fat-suppressed 3D-GE (s) images at 3.0 T demonstrate 
multiple cysts replacing the liver and bilateral renal parenchymas 
in another patient with autosomal dominant polycystic kidney 
disease. The cysts show various signal intensities on T2-weighted 
Cq) and Tl -weighted (r) images, suggesting the presence of blood 
products at various stages, or proteinaceous material. No focal 
solid mass enhancement is detected on postgadolinium image (s). 
Note that there is a signal loss at the center of STIR and SGE images 
due to standing wave artifact, which is particularly seen at 3.0 T. 





Fig. 9.25 Autosomal recessive polycystic kidney disease. Coronal T2-weighted SS-ETSE (a) and transverse Tl-weighted 
immediate (b) and 90-s fat-suppressed (c) postgadolinium SGE images in a patient with autosomal recessive polycystic kidney disease. 
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Fig. 9-25 (Continued) The kidneys are small, with multiple tiny cysts scattered throughout the renal parenchyma. Coronal T2- 
weighted single-shot echo-train spin-echo (d), transverse T2-weighted fat-suppressed single-shot echo-train spin-echo (e, /), and 
Tl -weighted postgadolinium interstitial-phase fat-suppressed 3D-GE (g) images demonstrate autosomal recessive polycystic kidney 
disease in another patient. The kidneys are atrophic and have undulated contours. There are multiple small-sized cysts in both kidneys, 
and bilateral collecting systems are mildly dilated. All cysts show homogeneous internal structure with high signal intensity. Note 
that the bile ducts are mildly dilated in the liver as well. Coronal T2-weighted single-shot echo-train spin-echo (h) and transverse 
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Fig. 9-25 (Continued) T2-weighted fat-suppressed single- 
shot echo-train spin-echo (1) images demonstrate autosomal reces- 
sive polycystic kidney disease in another patient. Many small cysts 
that show homogeneous internal structure with high signal inten- 
sity are detected in both kidneys. Bilateral collecting systems are 
mildly dilated, and the kidneys are atrophic. 






Fig. 9-26 Multicystic dysplastic kidney. Transverse 2-min (a) and sagittal 2.5-min (b) Tl -weighted postgadolinium SGE 
images. A multicystic dysplastic kidney is present in the left renal fossa that has a cluster of grapes appearance with no evidence 
of organization into a renal collecting system and no renal parenchyma evident. 





Fig. 9.27 Multicystic dysplastic kidney in fetus. Transverse (a) and sagittal (b) T2-weighted SS-ETSE images of a fetus dem- 
onstrate a multicystic mass in the left renal fossa (arrows, a, b) with no evidence of organization into a renal collecting system. 
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Fig. 9.28 Medullary cystic disease. Tl-weighted precontrast SGE (a), T2-weighted SS-ETSE (b), and Tl-weighted immediate 
(c) and 90-s fat-suppressed id) postgadolinium SGE images. Multiple cysts measuring <2 cm in diameter occupy the majority of the 
renal medulla. These simulate the appearance of corticomedullary differentiation on precontrast images (a) in this patient with 
chronic renal failure. The cysts are homogeneously high in signal intensity on the T2-weighted image (b). After gadolinium admin- 
istration cysts in the renal medulla do not enhance and appear nearly signal void (c, d). Coronal T2-weighted single-shot echo-train 
spin-echo (e) and transverse Tl-weighted postgadolinium interstitial-phase 3D-GE (/") images demonstrate medullary cystic disease 
in another patient. Multiple cysts mainly located in the medulla of both kidneys are detected. These cysts show homogeneous 
internal structure and high signal on T2-weighted image (e) and no enhancement on Tl-weighted postgadolinium image (/"). 
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Fig. 9-28 (Continued) Transverse T2-weighted fat-suppressed single-shot echo-train spin-echo (g) and transverse Tl-weighted 
postgadolinium interstitial-phase fat-suppressed 3D-GE (h) images demonstrate multiple medullary cysts in another patient with 
medullary cystic disease. 





Fig. 9.29 Medullary sponge kidney. Five-minute intravenous urogram (a) and Tl-weighted 90-s fat-suppressed gadolinium- 
enhanced SE (b) images. Tubular ectasia is apparent on the intravenous urogram (arrows, a), and prominent papillary enhancement 
is present on 90-s gadolinium-enhanced image (arrows, b). 



Multilocular Cystic Nephroma (Cystic 
Nephroma). Multilocular cystic nephroma is an 
uncommon benign lesion, which is usually unilateral, 
solitary, and sharply demarcated from surrounding 
uninvolved renal tissue. Cystic nephromas are com- 
posed of multiple noncommunicating cysts separated 
by a fibrous stroma. This lesion has been described as 
occurring most frequently in boys aged 2 months to 4 
years as well as adults, predominantly women, aged 40 
years and older [27]. In one MR study [28], adult-type 
multilocular cystic nephromas were observed in men 
and women in their 20s and 30s in an approximately 
equivalent sex distribution. The diagnosis of multilocu- 



lar cystic nephroma on MR images requires the demon- 
stration of a multicystic renal mass that bulges into the 
renal pelvis and has thick (2-4 mm), relatively uniform, 
fibrous septations (fig. 9-33) [28, 29]. Septations are well 
defined and relatively low in signal intensity on T2- 
weighted images and enhance on postgadolinium 
images [28]. Usually cysts are low in signal intensity on 
Tl-weighted images, but not uncommonly they are high 
in signal intensity, presumably reflecting the presence 
of proteinaceous material or blood (fig. 9-34) [28, 29]. 
Transverse images should be supplemented with sagit- 
tal or coronal images to demonstrate the indentation 
into renal pelvis. 
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Fig. 9-30 Acquired cystic disease of dialysis. Coronal (a) and transverse (£>) T2-weighted SS-ETSE and transverse Tl -weighted 
immediate (c) and 90-s fat-suppressed id) postgadolinium SGE images. Multiple cysts <2 cm in diameter are present in both kidneys, 
located predominantly in a superficial cortical location. The capillary phase of enhancement (c) demonstrates minimal parenchymal 
enhancement and no corticomedullary differentiation. On the gadolinium-enhanced Tl-weighted fat-suppressed spin-echo image 
(c), multiple renal cysts are well shown in a background of moderately enhanced atrophic parenchymal tissue. Coronal T2-weighted 
SSETSE (e) and transverse Tl-weighted 90-s fat-suppressed postgadolinium SGE (/") images in a second patient on chronic hemodi- 
alysis with Alport syndrome. Multiple small cysts are scattered throughout the kidneys. 
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Fig. 9.31 Acquired cystic disease of dialysis. Coronal (a) and 
transverse (b) T2-weighted SS-ETSE and sagittal Tl -weighted late-phase fat- 
suppressed postgadolinium SGE (c) images. Extensive multiple bilateral renal 
cysts with high signal on T2-weighted images (a, b) and low signal on Tl- 
weighted postgadolinium images (c) are present in atrophic native kidneys. 
Note also transplanted kidney in the right pelvis (c). 






Fig. 9.32 Hemorrhagic large renal cyst in cystic disease of dialysis. Tl-weighted immediate id) and 90-s fat-suppressed 
(b) SGE images demonstrate a superficial 4-cm cyst arising from the posterior left renal cortex that is homogeneously high signal 
intensity on Tl-weighted images (arrow, £>), compatible with hemorrhagic cyst. 
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Fig. 9.33 Multilocular cystic nephroma. Coronal T2- 
weighted SS-ETSE (a) and transverse Tl -weighted 90-s fat- 
suppressed gadolinium-enhanced SGE (b) images. A well-defined 
cystic mass arises from the posterior aspect of the right kidney. 
Internal septations are present, which are low in signal intensity 
on the T2-weighted image (arrow, a) and enhance on the post- 
contrast Tl -weighted image (arrow, £>).The lesion is noted to 
bulge into the renal pelvis. These imaging features are typical for 
multilocular cystic nephroma. This location is also common, 
arising in the posterior cortex of the kidney at the midrenal level. 
Tl -weighted precontrast fat-suppressed SE (c), Tl -weighted imme- 
diate postgadolinium SGE (d), and Tl -weighted fat-suppressed 
gadolinium-enhanced SE (e) images in a second patient with mul- 
tilocular cystic nephroma demonstrate a similar-appearing cystic 
mass that bulges into the renal pelvis and contains enhancing 
internal septations. Note that the cyst contents are intermediate 
in signal intensity on the precontrast Tl -weighted image (c). 



Angiomyolipoma. Angiomyolipomas are benign 
tumors composed of variable amounts of three ele- 
ments: 1) thick-walled blood vessels, 2) smooth muscle, 
and 3) mature fat. The fat component is usually sub- 
stantial, permitting characterization on CT images and 
on combined Tl -weighted regular (in phase) and fat- 
suppressed images or combined Tl -weighted in-phase 
and out-of-phase SGE images [30]. Although benign, 



these tumors may increase in size over time, with larger 
tumors having greater propensity to bleed [31-331. 
Angiomyolipomas have a greater tendency to increase 
in size when they are multiple than when they are 
solitary [31-331. Lesions may be detected and character- 
ized, even when they are <lcm in diameter, because 
of the high signal intensity of fat on Tl -weighted images 
that attenuates on fat-suppressed images (fig. 9-35). 
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Fig. 9-34 Multilocular cystic nephroma. Tl -weighted pre- 
contrast fat-suppressed SE image demonstrates a multilocular 
cystic nephroma in the lower pole of the left kidney. Many of the 
cysts are high in signal intensity, compatible with either subacute 
blood or protein. Cysts are not uncommonly high in signal inten- 
sity on Tl -weighted images in multilocular cystic nephroma. 






Fig. 9.35 Small angiomyolipoma. Tl-weighted precontrast SGE (a) and precontrast fat-suppressed SE (b) images. A 
small high-signal-intensity lesion arises from the upper pole of the right kidney on the SGE image (arrow, a). Fat suppression 
decreases the signal intensity of this lesion (arrow, b), confirming that it represents an angiomyolipoma. Tl-weighted precontrast 
in-phase (c) and out-of-phase id) SGE and 90-s fat-suppressed gadolinium-enhanced SGE (e) images in a second patient demonstrate 
a high-signal-intensity tumor on the in-phase image (arrow, c) that becomes signal void on the out-of-phase image id) because of 
phase-cancellation artifact. The lesion is very low in signal on the postgadolinium fat-suppressed image (e). Tl-weighted precontrast 
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Fig. 9.35 (Continued) in-phase (/), precontrast fat- 
suppressed (g), and out-of-phase (h) SGE images in a third patient. 
A 6-mm angiomyolipoma is present in the right kidney that is high 
in signal intensity on the in-phase image (arrow,/), suppresses to 
low signal intensity on the fat-suppressed image (arrow, g), and is 
signal void on the out-of-phase image (arrow, h). Tl -weighted 
precontrast in-phase (/), out-of-phase (/), and fat-suppressed (k) 
SGE images in a fourth patient demonstrate tiny lesions that arise 
in a subcapsular location in the mid-right kidney. These lesions 
are high signal on Tl, signal void on out-of-phase (phase cancel- 
lation), and low signal on fat-suppressed (fat suppression effect) 
images. 
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Fig. 9.36 Angiomyolipoma and hemorrhagic cyst. Tl-weighted precontrast in-phase (a, b) and out-of-phase (c, d) SGE 
images. The angiomyolipoma (arrow, a) is high signal on in-phase and signal void on out-of-phase (c) images. The hemorrhagic 
cysts (arrows, b) are high signal on in-phase (b) and out-of-phase (d) images. 



Out-of-phase images are a useful addition to an imaging 
protocol performed to characterize renal masses as 
angiomyolipomas (figs. 9-36 and 9-37). A fat- water sig- 
nal-void phase-cancellation occurs at the boundary 
between the angiomyolipoma and the adjacent renal 
parenchyma [34]. When angiomyolipomas are very 
small (<lcm) the phase cancellation may occupy the 
entire lesion and render it signal void (fig. 9-37) [34]. 
In a small number of cases, when muscle or vascular 
components predominate, distinction from renal cell 
cancer may be difficult. When the diagnosis, based on 
imaging findings, is certain and tumors are <4cm in size 
and asymptomatic, imaging follow-up is adequate man- 
agement [32, 35]. Case reports have described renal cell 
cancers that contain a small volume of fat [36]. Uniform 
distribution of a high concentration of fat in renal cell 
cancer has not been described, unlike angiomyolipoma, 
in which fat content is usually relatively uniform and 
prominent. A heterogeneous-appearing mass with foci 
of fat should be considered an indeterminant lesion. 

Tuberous Sclerosis (Bourneville Disease). 

Tuberous sclerosis is a neurocutaneous syndrome, part 
of the general category of phacomatoses with auto- 



somal dominant inheritance, although approximately 
50% arise from spontaneous mutation. This disorder is 
characterized by mental retardation, epilepsy, and 
cutaneous lesions [37]. 

Patients with tuberous sclerosis have an increased 
incidence of renal cysts and angiomyolipomas. Cystic 
disease varies considerably in extent and is usually 
multiple and bilateral [37-39]. Renal architecture is not 
uncommonly distorted. Cystic disease may be so exten- 
sive that the kidney disease may resemble ADPKD (fig. 
9-38). The incidence of angiomyolipomas is 70-95% 
(fig. 9-38) [37, 40]. Angiomyolipomas in patients with 
tuberous sclerosis have a tendency to increase in size 
over time and to be at increased risk of hemorrhage 
[31, 37, 40]. It is uncertain whether there is an increased 
incidence of renal cell carcinoma [40]. Angiomyolipomas 
may also be noted in liver in up to 13% of patients in 
the setting of tuberous sclerosis [41]. 

v on Hippel—Lindau Disease, von Hippel-Lindau 
disease is a neurocutaneous syndrome, part of the 
general category of phacomatoses with autosomal 
dominant inheritance. Patients with von Hippel-Lindau 
disease have an increased incidence of renal cysts, 
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Fig. 9.37 Renal angiomyolipoma. Tl -weighted in-phase (a) and out-of-phase (£>) SGE and Tl -weighted precontrast (c) and 
postcontrast id) fat-suppressed SGE images. A 4-cm lesion with predominantly high signal on Tl -weighted images (a) is present in 
the left kidney, which demonstrates regions of phase cancellation on out-of-phase image (£>) and decreased signal on precontrast 
fat-suppressed image (c) diagnostic for fat within the lesion that represents an angiomyolipoma. Transverse T2-weighted single-shot 
echo-train spin-echo (e), Tl-weighted in-phase (/) and out-of-phase (g) SGE, and Tl-weighted postgadolinium interstitial-phase fat- 
suppressed 3D-GE Qf) images at 3.0 T demonstrate an angiomyolipoma (arrows, e-h) in another patient. Because the major com- 
ponent of the angiomyolipoma is pure fat, this pure fatty component, which shows high signal intensity on both T2-weighted image 
and Tl-weighted in-phase and out-of-phase images, demonstrates low signal on postgadolinium 3D-GE image because of fat sup- 
pression. However, the remaining portion of the angiomyolipoma also shows signal drop on out-of-phase image compared to in- 
phase image because of its partial fat content. Note that the lesion also shows enhancement due to its vascular and myomatous 
components. 
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Fig. 9.37 (Continued) 



adenomas, and carcinoma [42, 43] . Renal cell carcino- 
mas tend to be multicentric and bilateral. On imaging, 
they present as a solid hypovascular mass or as a 
complex cystic lesion with thickened septa and mural 
nodules [43]. Tl -weighted fat-suppressed imaging with 
gadolinium enhancement is the most sensitive tech- 
nique for detecting and characterizing multiple tumors, 
many of which are 1cm in diameter (fig. 9-39) [42, 43]. 

Adenoma. Renal adenomas are benign tumors of 
renal cell origin and typically are small solid neoplasms 
[44]. Renal adenomas are not rare tumors. The relation- 
ship of adenomas to renal cell carcinomas is uncertain 
[33]. They are small cortex-based tumors that are regu- 
larly marginated and have generally nonaggressive fea- 
tures. Adenomas cannot be distinguished from papillary 
renal cell cancers on imaging studies [45, 46]. Depending 
on the clinical picture, patients with small solid tumors 
may benefit from serial reassessment to detect tumor 
growth. An important aspect of their noninvasive diag- 
nosis is that they do not change in size over a >2-year 
period. Tumor growth raises the concern of malignancy 
[29, 35, 36, 38, 40, 42, 44]. It may be reasonable to 
follow a mass at 3 months, 6 months, 1 year, and yearly 
thereafter. Particularly in elderly patients, close observa- 
tion likely results in the least patient morbidity [47, 48]. 
On MR images, adenomas are typically small (<4cm), 
round masses that are slightly hyperintense on T2- 
weighted images and slightly hypointense on Tl- 
weighted images, and enhance in a diffuse intense 
fashion on capillary-phase images [21]. The relative 
commonness of renal adenomas suggests that a "watch 
and wait" approach to small renal tumors in individuals 
who are not considered good surgical candidates is a 
prudent course of action. 

Oncocytomas are benign epithelial tumors that are 
generally solid and well encapsulated. A central stellate 
fibrous scar is often present [49]. Their incidence has 



been reported as representing 2-15% of primary renal 
neoplasia [50, 51]. MRI reveals spherical masses that 
are relatively homogeneous with substantial central 
enhancement on capillary-phase images (fig. 9.40) [50]. 
The characteristic early enhancement pattern is described 
as "spoke wheel" [21] but may not be commonly 
observed. In comparison, renal cancers tend to exhibit 
greater peripheral enhancement. Neither pattern of 
enhancement nor presence of central scar may be spe- 
cific enough to permit distinction from renal cell carci- 
noma [46, 52]. 

Myelofibrosis with Extramedullar}? Hemato- 
poiesis. Myelofibrosis is a disorder classified as a 
chronic myeloproliferative disease, characterized by pro- 
liferation of bone marrow connective tissue and develop- 
ment of extramedullary hematopoiesis (EMH) [53]. 

EMH is defined as the formation and development 
of blood cells within an ectopic site outside the bone 
marrow. EMH is not always associated with myelofibro- 
sis, and either of these processes may occur in the 
absence of a hematologic disorder. The liver and spleen 
are affected most commonly, resulting in hepatospleno- 
megaly [54]. Reports of renal involvement are rare in 
the literature (fig. 9.41) [53]. 

The disease runs a chronic course and typically 
presents with symptoms related to anemia and spleno- 
megaly that may be observed years before the diagno- 
sis. When EMH involves the kidneys it may lead to renal 
failure due to either ureteral obstruction or extensive 
parenchymal involvement [53]. The recognition of 
EMH as the cause of renal failure is important in these 
circumstances, as this entity may respond to radio- 
therapy [55]. 

In general, the differential diagnosis of a mass 
encasing the renal pelvis includes transitional cell car- 
cinoma, lymphoma, lipomatosis, and renal cell carci- 
noma [55]. In the proper clinical setting, renal EMH 
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Fig. 9-38 Tuberous sclerosis. Transverse Tl-weighted precontrast (a) and precontrast fat suppressed (b) SGE, coronal T2- 
weighted SS-ETSE (c), and transverse id) and sagittal (e) Tl-weighted 90-s fat-suppressed SGE images. Numerous angiomyolipomas 
of various sizes are present throughout both kidneys (small arrows, a), including a large exophytic angiomyolipoma with multiple 
high-signal-intensity punctuate foci of fat (long arrows, a). Multiple cysts are also present (large black arrow, a). On the precontrast 
fat-suppressed image, the numerous small angiomyolipomas (small arrows, b) and the large angiomyolipoma (long arrows, b) 
decrease in signal intensity. The numerous angiomyolipomas and cysts (arrow) are high in signal intensity on the T2-weighted image 
(c). After gadolinium administration the kidneys are shown to be extensively replaced by angiomyolipomas and cysts (small arrows, 
d). The large exophytic angiomyolipoma (long arrows, d, e) is well shown on transverse id) and sagittal (e) postgadolinium fat- 
suppressed SGE images. Tl-weighted precontrast in-phase (/) and out-of-phase (g) SGE images in a second patient demonstrate a 
large heterogeneous mass within the right kidney and multiple small lesions in the left kidney. Note the dramatic phase-cancellation 
artifact on the out-of-phase sequence in both kidneys, confirming the presence of fat in numerous angiomyolipomas scattered 
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Fig. 9-38 (Continued) throughout the kidneys. Coronal T2- 
weighted single-shot echo-train spin echo (h), coronal Tl -weighted 
SGE (O, transverse Tl -weighted postgadolinium arterial-phase SGE 
(7), and Tl-weighted postgadolinium interstitial-phase 3D-GE (&) 
images demonstrate multiple angiomyolipomas in another patient 
with tuberous sclerosis. The kidneys are enlarged, and normal 
renal parenchyma are mainly replaced with multiple angiomyoli- 
pomas bilaterally. Angiomyolipomas show high signal on T2- 
weighted (h) and non-fat-suppressed Tl-weighted (i 9 f) images but 
low signal on fat-suppressed postgadolinium image (k) because of 
fat-suppression. Note that angiomyolipomas are large-sized, show 
exophytic growth, and occupy most of the abdominal cavity. 
There is also a multiloculated cystic lesion (arrows, h-U) medially 





Fig. 9-38 (Continued) adjacent to the left kidney and the aorta. T2-weighted fat-suppressed single-shot echo-train spin-echo 
(/), Tl-weighted in-phase (m) and out-of-phase (n) magnetization-prepared rapid gradient-echo, and Tl-weighted postgadolinium 
interstitial-phase water excitation magnetization-prepared rapid gradient-echo (o) images at 3.0 T demonstrate multiple angiomyo- 
lipomas in another patient with tuberous sclerosis. Angiomyolipomas show signal drop on out-of-phase image (n) because of their 
fat content. The biggest angiomyolipoma (arrows, 1-6) shows signal drop and phase-cancellation artifact on out-of-phase image (n). 
Note that there are small cysts (black arrows) showing high signal intensity on T2-weighted image (/) as well. Coronal non-fat- 
suppressed (p) and fat-suppressed (q) single-shot echo-train spin-echo images demonstrate multiple cysts in another patient with 
tuberous sclerosis. Most of the normal renal parenchyma are replaced with multiple cysts bilaterally. The cysts show various signal 
intensities that reflect the presence of blood products at various ages or proteinaceous material. Multiple renal cysts may be another 
form of presentation of tuberous sclerosis and may mimic autosomal dominant polycystic kidney disease. 
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Fig. 9-39 von Hippel— Lindau disease. Tl-weighted fat suppressed gadolinium-enhanced SE images (a, b). Two small renal 
cancers are present in the middle (arrow, a) and lower (arrow, b) pole of the left kidney. Multiple pancreatic cysts are also appreci- 
ated (a). 





Fig. 9-40 Renal oncocytoma. Transverse Tl-weighted precontrast SGE (a), coronal Tl-weighted precontrast fat-suppressed 
SGE (£>), and Tl-weighted immediate (c) and 90-s fat suppressed id) gadolinium-enhanced SGE images. A well-defined 2-cm mass 
is present in the right kidney (arrows, a, b). The majority of the tumor enhances in a moderately intense fashion on the immediate 
postgadolinium image (c) and shows mild peripheral washout by 90s id). The appearance is indistinguishable from that of a small 
renal cancer. 
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Fig. 9.41 Extramedullary hematopoiesis. Tl-weighted immediate (a) and 90-s fat-suppressed (b) postgadolinium SGE images 
in a patient with myelofibrosis. The left kidney demonstrates an infiltrating soft tissue mass involving the hilum and extending into 
the renal parenchyma. A large rounded focus of this process is also observed in the left para-aortic region. 



should be considered in the differential diagnosis. On 
MR images, EMH tends to show mild and relatively 
homogeneous early and late gadolinium enhancement 
(fig. 9.41). 

Malignant Masses 

Renal Cell Carcinoma. More than 28,000 new 
cases of renal neoplasm were diagnosed in 1997, and 
11,300 deaths occurred in the United States. Renal cell 
carcinoma (RCC) is the predominant histology (80-85%) 
[56]. The peak age of incidence is 50-60 years of age, 
with a male-to-female ratio of 2 to 1 [57]. Tumors are 
usually solitary. In approximately 5% of patients, tumors 
are multiple. Patients commonly present late in the 
course of the disease when tumors are large and in an 
advanced stage because of the lack of symptoms with 
small tumors. RCC is associated with a myriad of pre- 
senting features including paraneoplastic phenomena. 

Staging of RCC can be performed by either Robson's 
or TNM classification (Table 9.2) [58]. Robson's classifi- 
cation is frequently used and is described in this text 
(see below). Both MRI and current-generation CT scan- 
ners are able to detect RCC that measure 1 cm in diam- 
eter. In a study [59] comparing dynamic contrast-enhanced 
CT imaging and MRI, these techniques detected 88.5% 
(54/61) and 95% (58/61), respectively, of renal tumors 
presented in 53 patients. CT imaging and MRI correctly 
staged 77.4% (24/31) and 93-5% (29/31) of renal cancers 
that were resected. 

Although conventional MRI sequences may be 
useful in evaluating large renal tumors to assess the 
presence of tumor thrombus or extension of tumor to 
adjacent organs [60], consistent demonstration of small 
tumors, distinction between cysts and tumors, and 
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1 


Tumor contained within renal capsule 






Small tumor (<2.5cm) 


T1 




Large tumor (>2.5cm) 


T2 


II 


Tumor spread to perinephric fat 


T3a 


lll-A 


Venous tumor thrombus 






Renal vein tumor thrombus only 


T3b 




Infradiaphragmatic caval thrombus 


T3c 




Supradiaphragmatic caval thrombus 


T4b 


lll-B 


Regional lymph node metastasis 


N1-N3 


lll-C 


Venous tumor thrombus and regional 
lymph node metastasis 




IV-A 


Direct invasion of adjacent organs 
outside Gerota's fascia 


T4a 


IV-B 


Distant metastasis 


M1a-M1d, N4 



reliable evaluation of tumor thrombus and metastases 
requires the use of intravenous gadolinium. MRI using 
gadolinium-enhanced breath-hold fat-suppressed 3D- 
GRE or fat-suppressed and/or non-fat-suppressed SGE 
sequences is superior to CT imaging in differentiating 
cysts from solid tumors because of the higher sensitivity 
of MRI for gadolinium than CT imaging for iodine con- 
trast [1, 15, 591. 

Robson's staging classifications for renal cell carci- 
noma are described below. 

Stage 1 renal carcinomas are confined within the 
renal capsule (figs. 9.42 and 9.43). 
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Fig. 9.42 Renal cell cancer — Stage 1. Tl-weighted precontrast (a) and 45-s (b) and 90-s fat-suppressed (c) gadolinium- 
enhanced SGE images. There is a lesion in the anterior aspect of the midpole of the left kidney that is heterogeneous in signal 
intensity on precontrast image (a) and enhances markedly after gadolinium administration, consistent with a renal cell carcinoma. 
Adjacent to this lesion, a tiny simple cyst is noted. Coronal id) and transverse (e) Tl-weighted 2- to 3-min fat-suppressed postgado- 
linium SGE images in a second patient. A 2-cm renal cell cancer arises from the upper pole of the right kidney that exhibits het- 
erogeneous enhancement on interstitial-phase images. Tl-weighted transverse immediate (/) and sagittal 7-min (g) postgadolinium 
SGE images in a third patient. A small renal cancer arises from the lower pole of the right kidney. The tumor demonstrates intense 
enhancement immediately after contrast (arrow, /) and diminished enhancement on the delayed postcontrast image (arrow, g). 
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Fig. 9.42 (Continued) Tl-weighted 90-s fat suppressed postgadolinium SGE image (h) in a fourth patient. There is a small 
lesion in the upper pole of the right kidney that shows intense enhancement after administration of gadolinium. Coronal T2- 
weighted single-shot echo-train spin-echo (i), transverse Tl-weighted SGE (/), transverse Tl-weighted postgadolinium hepatic 
arterial dominant-phase SGE (k), and transverse Tl-weighted postgadolinium interstitial-phase fat-suppressed 3D-GE (/) images 
demonstrate a small renal cell cancer of the right kidney in another patient. The tumor shows heterogeneous high signal on T2- 
weighted (/) and low signal on Tl-weighted (j) images. The tumor, which has a hypervascular nature, enhances intensely and 
progressively on postgadolinium images (&, /). Transverse Tl-weighted SGE (rn), transverse Tl-weighted fat-suppressed hepatic 
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Fig. 9.42 (Continued) arterial dominant (n) and hepatic venous phase (o) fat-suppressed 3D-GE, and coronal Tl -weighted 
fat-suppressed interstitial-phase 3D-GE (p) images demonstrate renal cell cancer in the right kidney in another patient. The tumor 
has a hypovascular nature and shows mild progressive enhancement on postgadolinium images (n-p). 



Stage 2 carcinomas extend beyond the renal capsule 
but are confined by perirenal fascia (figs. 9.44 and 9.45). 
Carcinomas that are completely intraparenchymal are 
Stage 1 carcinoma. On the basis of imaging features, 
distinction between Stage 1 and Stage 2 carcinomas 
cannot be reliably made for tumors that extend beyond 
the cortical margins. Large exophytic tumors may be 
Stage 1, and tumors with a small extrarenal component 
may be Stage 2. Surgical management is identical for 
disease Stages 1 and 2, so differentiation by imaging is 
not essential. Renal cell carcinomas Stages 1 and 2 are 
associated with a high survival rate because the tumor 
is amenable to complete resection. 

Stage 3a renal carcinoma is defined by tumor 
extension into the renal vein. Tumor thrombus fre- 
quently extends into the inferior vena cava (IVC) and 
grows superiorly with the direction of blood flow 
toward and, in advanced cases, into the right atrium. 
Symptoms directly attributable to tumor thrombus are 



rare, even in the presence of total IVC occlusion, 
because venous collateralization occurs through the 
azygos and lumbar systems. Hence, the presence of IVC 
thrombus is often detected incidentally by radiologic 
imaging (fig. 9.46) [61]. 

MRI is superior to CT imaging in determining the 
presence and superior extent of thrombus and also in 
determining whether thrombus is composed of blood 
or tumor. However, in detecting the presence of throm- 
bus, both imaging methods are essentially equivalent. 
In one series of 431 patients, the sensitivity of MR 
imaging (90%; 388/431) for detecting IVC thrombus was 
greater than that of either CT (79%; 340/431) or con- 
ventional sonography (68%; 293/43D [61]. 

Direct coronal- or sagittal-plane images are impor- 
tant for the demonstration of the superior extent of 
thrombus. This information is useful in that it assists in 
surgical planning for thrombus extraction. Thrombus 
extension above the hepatic veins requires a thoracoab- 
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Fig. 9.43 Large renal cell cancer — Stage 1. Transverse T2-weighted SS-ETSE (a), Tl-weighted precontrast fat-suppressed SE 
(b), and 2- to 3-min fat-suppressed postgadolinium transverse (c) and sagittal id) SGE images. A large, well-encapsulated mass is 
seen involving the mid to lower pole of the right kidney with marked heterogeneity in signal on T2- and Tl-weighted images and 
on postgadolinium images. Despite the relatively large tumor size, this represented a Stage 1 renal cancer. Small areas of central 
low signal on postgadolinium images represent foci of necrosis. 



dominal approach rather than an abdominal approach, 
whereas the latter approach is used if thrombus extends 
below the hepatic veins. 

Gadolinium administration is generally useful for 
the evaluation of thrombus composition because tumor 
thrombus virtually always enhances with gadolinium. 
Although differentiation of tumor thrombus from bland 
thrombus may not change surgical treatment, it is an 
important distinction because the neovascular bed of 
the tumor thrombus may adhere to the venous wall, 
whereas a simple tumor clot will not [61], and patient 
prognosis and likelihood of lung metastases are affected. 
In comparison, in one CT imaging series, tumor throm- 
bus was correctly detected in 95% (18/19) of patients, 
but only 16% (3/19) of these thrombi demonstrated 
appreciable enhancement [62]. A gradient-echo tech- 
nique that refocuses the signal of flowing blood (e.g., 
gradient-recalled acquisition in steady state or true-FISP) 



has been proposed as another method for evaluating 
tumor thrombus [63]. On these images, tumor thrombus 
is intermediate in signal intensity (i.e., soft tissue signal 
intensity) whereas blood thrombus is low in signal 
intensity because of the presence of blood breakdown 
products. Because contrast enhancement should be 
routinely employed in evaluating kidneys and flow- 
sensitive gradient-echo is rapid to perform, it may be 
reasonable to use both methods to evaluate thrombus 
to increase confidence of characterization. 

Stage 3b renal carcinoma is defined by the pres- 
ence of malignant nodes. MRI is occasionally able to 
detect necrosis in lymph nodes, which appears as irreg- 
ular low-signal-intensity centers that may not be appar- 
ent on CT images (fig. 9.47). In the presence of a 
necrotic primary tumor, necrosis of lymph nodes may 
be specific for nodal involvement. The presence of 
enlarged lymph nodes does not necessarily indicate 
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Fig. 9.44 Renal cell cancer — Stage 2. Tl -weighted late- 
phase fat-suppressed gadolinium-enhanced SE images in 3 patients 
(a-c). Stage 2 cancer can vary in size from small (a) to large (c). 
Tumors are heterogeneous and lower in signal intensity than adja- 
cent cortex on interstitial-phase images. Larger cancers have a 
propensity to undergo regions of necrosis that appear nearly signal 
void on postcontrast images (c). A simple renal cyst (arrow, a) 
adjacent to the renal cancer is present in the first of these patients. 






Fig. 9.45 Renal cell cancer — Stage 2. Transverse id) and sagittal (b) Tl -weighted 2- to 3-min fat-suppressed postgadolinium 
SGE images. A large renal cancer arises from the upper pole of the left kidney. This mass demonstrates marked heterogeneity of 
signal on the postgadolinium images, with central areas of necrosis. The renal vein is clearly shown as free of thrombus on the 
gadolinium-enhanced fat-suppressed image (arrow, a). There is no evidence of perinephric fat infiltration. 
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Fig. 9.46 Renal cell cancer — Stage 3a. Tl-weighted immediate (a) and 45-s (b, c) and transverse (d, e), coronal (/, g), and 
sagittal (h) fat-suppressed gadolinium-enhanced SGE images. A heterogeneous enhancing large renal cancer is present, which origi- 
nates from the lower two-thirds of the right kidney. An enhancing tumor thrombus is seen within the right renal vein that extends 
into the inferior vena cava. Direct coronal (/, g) and sagittal (h) images permit evaluation of the superior extent of thrombus (arrow, 
/). Extensive vascular parasitization is appreciated (arrows, b) around the tumor. Dilated collateral lumbar veins are identified, one 
of which communicates with the IVC (arrow, e) at the level of the lower aspect of the thrombus. Tl-weighted fat-suppressed 
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Fig. 9-46 (Continued) gadolinium-enhanced SGE image (O in 
a second patient. Enhancing tumor thrombus can be appreciated 
extending along the right renal vein into the IVC (arrows, /)• 
Enhancement of tumor thrombus is well shown on fat-suppressed 
postgadolinium images acquired in the interstitial phase. Coronal 
T2-weighted single-shot echo-train spin-echo (j), coronal and 
transverse postgadolinium interstitial-phase fat-suppressed 3D-GE 
(k, /), and transverse postgadolinium hepatic venous-phase fat- 
suppressed 3D-GE (m) images at 3.0 T demonstrate renal cancer 
in the upper pole of the right kidney in another patient. The tumor 
shows heterogeneous signal on T2-weighted image (/) and 
heterogeneous enhancement on postgadolinium images (k, /). 
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Fig. 9-46 (Continued) The tumor invades the renal parenchyma and upper collecting system (white arrow, k), and extends 
into the right renal vein (white thick arrow, ni) and inferior vena cava (black arrow, ni). The tumor thrombus in the right renal 
vein (white thick arrow, ni) and inferior vena cava (black arrow, ni) shows enhancement. Additionally, tumor thrombus (white 
thin arrow, ni) and bland thrombus (open arrow, ni) exist in the left renal vein. 





Fig. 9.47 Renal cell cancer — Stage 3b. Contrast-enhanced 
CT (a) and Tl -weighted interstitial-phase fat-suppressed gadolin- 
ium-enhanced SE (b) images. A necrotic 6-cm tumor is present in 
the left kidney. Enlarged para-aortic nodes are identified on the 
CT scan. On the postcontrast Tl -weighted fat-suppressed image, 
the nodes enhance in a heterogeneous fashion with central low 
signal intensity (short arrow, b), with an appearance similar to that 
of the primary tumor. Note the thickening of Gerota fascia (long 
arrows, a, b) shown on the CT and MR images. Tl-weighted fat- 
suppressed gadolinium-enhanced image (c) of a Stage 3b cancer 
in a second patient demonstrates a heterogeneous necrotic 
primary renal cancer of the left kidney with central necrosis and 
para-aorta lymph nodes with a similar heterogeneous appearance 
(arrow). 
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Stage 3b or 3c disease because adenopathy also may 
be benign. Studer et al. [64] reported that 58% (94/163) 
of patients with RCC had enlarged hyperplastic lymph 
nodes. 

Stage 3c is tumor extension into the renal vein and 
nodal involvement (fig. 9.48). 

Stage 4 disease is extension to local (4a) or distant 
(4b) sites. Even when renal cancers are large and have 
a long interface with adjacent organs (e.g., liver), direct 
tumor invasion is relatively uncommon (fig. 9.49). Direct 
multiplanar imaging facilitates recognition of smooth 
interfaces, implying no invasion, and irregularly margin- 
ated interfaces, consistent with invasion. The sagittal 



plane is particularly effective at evaluating the interface 
with the liver. Renal cancer metastasizes to lung, adrenal 
glands, mediastinum, axial skeleton, and liver (fig. 9-50). 
The lung is the most common site of metastases. Lung 
metastases measuring 3 mm in diameter are detected on 
CT images. Reliable detection of metastases measuring 
4 mm in diameter may be made with gadolinium- 
enhanced 3D-GRE at 1.5 T, and 3-mm-sized metastases 
can be detected at 3.0 T with the same technique. 
Advantages of this sequence include minimal phase- 
encoding artifact posterior to the heart, good opacifica- 
tion of pulmonary vessels, and consistent image quality 
[65], (see Chapter 18, Chest). 






Fig. 9.48 Renal cell cancer — Stage 3c. Transverse 45-s (a) and sagittal 90-s (b, c) Tl-weighted postgadolinium SGE images. 
A 7-cm heterogeneously enhancing renal cancer is present in the right kidney (arrow, a). Thrombus is present in the IVC (long 
arrow, a, c). Retrocaval (short arrows, a, c) and paracaval nodes are identified. The thrombus (long arrow, c) is noted to terminate 
approximately 1 cm below the level of the diaphragm on the sagittal projection (curved arrow, c). Coronal source image for 
an MRA id) and transverse (e) and sagittal (/) 2- to 3-min Tl-weighted fat-suppressed postgadolinium SGE and coronal 3D MIP 






Fig. 9-48 (Continued) reconstructed MRA (g) images in a second patient. A large heterogeneous infiltrative mass is seen involv- 
ing the lower two-thirds of the left kidney, which invades the left renal vein and extends into the IVC (large arrow, e). Regional 
lymph node metastases are present (small arrow, e). Coronal (h) and transverse (/) T2-weighted SS-ETSE and 90-s fat-suppressed 
postgadolinium (7) SGE images in a third patient show a large heterogeneous mass in the right kidney associated with IVC throm- 
bosis and extensive enlarged retroperitoneal lymph nodes. 
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Fig. 9.49 Renal cell cancer — Stage 4a. Tl -weighted precontrast fat-suppressed id) and immediate (b) and 2-min fat-suppressed 
(c) postgadolinium SGE images and coronal source image for an MRA (d). A large cancer arising from the right kidney is present 
that shows intense heterogeneous enhancement on immediate postgadolinium images (£>), foci of central necrosis (c), tumor throm- 
bus (long arrow, c; arrows, d), and invasion of the right psoas muscle (short arrow, c). 



The typical appearance of RCC is an irregular mass 
with ill-defined margins. Tumors are generally slightly 
hyperintense on T2-weighted images and slightly 
hypointense on Tl -weighted images relative to renal 
cortex [60]. The minimal signal difference from renal 
cortex renders tumors poorly visualized on noncontrast 
images. RCC are frequently hypervascular and demon- 
strate intense enhancement on immediate postcontrast 
images, usually in a heterogeneous fashion with more 
intense peripheral enhancement. The heterogeneous 
pattern of enhancement may be due to the presence of 
central necrosis, which is commonly demonstrated in 
large, >5-cm, hypervascular tumors. Hypervascular 
tumors tend to washout of contrast on interstitial-phase 
images, whereas renal cortex remains high in signal 
intensity because of retention of contrast in renal tubules 
(fig. 9-51) [1, 15, 59, 60, 66]. Homogeneous enhance- 
ment does occur and is typical of small, low-grade 



cancers [591. Homogeneously enhancing small tumors 
may be difficult to distinguish from renal cortex on 
immediate post gadolinium images. As a result, it is 
important that a renal MRI protocol includes not only 
immediate postgadolinium capillary-phase images but 
also more delayed interstitial-phase images (fig. 9-51). 
Approximately 20% of renal carcinomas may be 
hypovascular. This MRI finding may be related to a 
subset of RCC termed papillary renal cell cancer 
(approximately 15% of all cases). These tumors tend to 
be large, solid, well-demarcated lesions that are slow 
growing and show hypovascularity or avascularity on 
angiography [67]. Hypovascular renal cancers enhance 
minimally on capillary-phase images and remain low in 
signal intensity relative to cortex on interstitial-phase 
images. These tumors may be sharply marginated and 
may resemble cysts on contrast-enhanced CT images. 
Diagnosis of a hypovascular renal cancer requires 
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Fig. 9-50 Renal cell cancer — Stage 4b. Tl -weighted imme- 
diate postgadolinium SGE images (a, b) demonstrate a 12-cm renal 
cancer arising from the left kidney (arrows, a). Multiple hypervas- 
cular ring-enhancing liver metastases are noted. Renal cancer 
metastases to the liver are frequently hypervascular. Transverse 
(c, d) and sagittal (e) 2- to 3-min Tl -weighted fat-suppressed post- 
gadolinium SGE images in a second patient. There is a large het- 
erogeneous mass in the lateral aspect of the right kidney that 
invades the renal vein and extends into the IVC (arrows, c). 
Extensive retroperitoneal adenopathy is also present (arrow, d). 
Abnormal increased enhancement of the Til vertebral body is 
present (arrow, e), consistent with metastatic foci. Gadolinium- 
enhanced fat-suppressed images are effective at demonstrating 
bone metastasis, revealing them as high-signal focal masses in a 
dark background of suppressed fatty marrow. 
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Fig. 9-51 Hypervascular renal cell cancer. Tl -weighted 
immediate postgadolinium SGE (a) and Tl -weighted fat-suppressed 
gadolinium-enhanced SE (b) images demonstrate a small, uniform- 
enhancing Stage 1 renal cell cancer. A 2-cm renal cancer arises from 
the upper pole of the right kidney. The cancer enhances in a 
uniform intense fashion (arrow, a) on the immediate postgadolin- 
ium image, comparable in signal intensity to renal cortex. On the 
later interstitial-phase image (b), the tumor is heterogeneous and 
lower in signal intensity than cortex. Transverse Tl -weighted imme- 
diate (c) and 90-s fat suppressed id) and sagittal 5-min postgado- 
linium (e) SGE images in a second patient demonstrate a 7-cm 
hypervascular renal cell cancer arising from the left kidney. On 
the immediate postgadolinium image (c), viable tumor enhances 
intensely, with lack of enhancement of the central portion of the 
tumor. Intense enhancement of multiple enlarged feeding vessels 
is present (arrows, c). On the 90-s postgadolinium image (d), the 
tumor has diminished in signal lower than renal cortex. The sagittal 
image (e) displays the location of the tumor in the midportion of 
the kidney. 




identification of small, short curvilinear enhanced struc- 
tures that are present on postgadolinium images but 
not apparent on precontrast images. Interstitial-phase 
images acquired with fat suppression are the most reli- 
able at demonstrating these enhancing structures (fig. 



9.52). One study [68] reported that negligible enhance- 
ment of a renal lesion, particularly a small lesion (<1 cm), 
after administration of gadolinium may not exclude 
malignancy in occasional small (<lcm) hemorrhagic 
tumors. Subtraction imaging of postgadolinium from 
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Fig. 9-52 Hypovascular Stage 2 renal cell cancer. Tl-weighted immediate postgadolinium SGE (a) and Tl-weighted late- 
phase fat-suppressed gadolinium-enhanced SE (b) images. The tumor shows diminished enhancement immediately after contrast 
(a).The interstitial-phase fat-suppressed image demonstrates small irregular enhancing structures within the mass (£>), which distin- 
guishes this lesion from a complicated cyst. Tl-weighted interstitial-phase fat-suppressed gadolinium-enhanced SE image (c) in a 
second patient shows small irregular enhancing structures in a hypovascular renal cancer arising from the left kidney. The great 
majority of hypovascular renal cell cancers are of papillary subtype. Transverse T2-weighted single-shot echo-train spin-echo (d), 
transverse Tl-weighted SGE (e), transverse Tl-weighted postgadolinium hepatic venous-phase fat-suppressed 3D-GE (/"), and coronal 
Tl-weighted postgadolinium interstitial-phase fat-suppressed 3D-GE (g) images at 3.0 T demonstrate a hypovascular renal cell 
cancer (arrows, d-g) in the right kidney in another patient. The tumor shows a hypointense signal on both T2-weighted id) and 
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Fig. 9-52 (Continued) Tl-weighted (e) images. The tumor 
shows mild progressive enhancement (f, g) reflecting its hypovas- 
cular nature. Note that the aorta is dilated. 




pregadolinium 3D-GRE imaging may help in this dis- 
tinction (see fig. 9.13). Careful attention should be paid 
to the heterogeneity of signal intensity of these lesions 
on all MR sequences, as this may be an indicator of 
their solid composition. 

Hemorrhage occurs occasionally in tumors in 
patients with normal renal function. Tumors in patients 
with chronic renal failure, in contrast, are hemorrhagic 
relatively commonly (see below). Hemorrhage appears 
high in signal intensity on noncontrast Tl-weighted 
images (fig. 9.53). 

Tumor size is not a reliable criterion for diagnosing 
renal cancer or for distinguishing cancer from adenoma 
[46-48, 69-72]. RCC occasionally shows no change in 
size for intervals of greater than 1 year [47, 72]. Any 
solid renal tumor that is nonfatty should be considered 
a possible RCC and should, at minimum, be followed 
by serial imaging. 

In rare instances, RCC is visualized on MRI as 
largely or completely cystic (fig. 9-54). This radiologic 
appearance may be best correlated histopathologically 
with a distinct subtype of RCC termed multilocular cystic 
renal cell carcinoma. This rare form of RCC has a char- 
acteristic gross appearance. In contrast to many RCCs 
that are primarily solid masses with focal cystic degen- 
eration, multilocular cystic RCC is predominantly cystic 
with only a modicum of a solid component. Cyst walls 
are oftentimes densely fibrotic with focal calcifications. 
Microscopically, tumor cells generally show low-grade 
cytologic features. Multilocular cystic RCC appears to be 
an extremely low-grade form of RCC that, if treated 
early, may be curable [73]. This RCC may have a sep- 
tated cystic appearance resembling multilocular cystic 
nephroma on MRI. Septations tend to be thicker and 
more irregular than those observed in multilocular cystic 
nephroma, and hemorrhage is common (fig. 9.55). 

Cystic changes are relatively common in renal 
cancer (fig. 9-56). Rarely, lesions may appear virtually 



identical to a cyst, with a thin layer of tumor cells within 
the wall. We have observed a propensity for cystic 
tumors in the setting of multifocal or bilateral renal 
cancers (fig. 9.57). 

Other features that may be observed with renal 
cancer include substantial hemorrhage in the perineph- 
ric space secondary to the extensive vascularity, friable 
vessels, and the large size that these tumors can attain 
(fig. 9-58). Although renal cancers usually grow as focal 
cortex-based neoplasms, poorly differentiated tumors 
may demonstrate extensive, ill-defined renal parenchy- 
mal infiltration resembling transitional cell cancer, lym- 
phoma, or metastases from poorly differentiated tumors 
(fig. 9.59). 

Recent studies have reported that occasionally some 
clear cell carcinomas and, less commonly, granular cell 
carcinomas may show a relative focal or diffuse loss of 
signal intensity on opposed-phase MR images [74, 75]. 
These lesions have microscopic fat that is not detected 
on CT or on conventional Tl-weighted images. One 
series [74] demonstrated that mean out-of-phase to in- 
phase signal intensity ratio of clear cell carcinomas was 
significantly different from that of other renal cancers 
(P < 0.0002). This study demonstrated that clear cell 
carcinoma, when compared with other renal cancers, 
may show a relative focal or diffuse loss of signal inten- 
sity. In renal masses, this signal intensity loss, consistent 
with lipid, does not necessarily indicate angiomyolipoma. 
It should be noted that fat content in these reported 
cancers was minimal and/or focal, which contrasts with 
the majority of angiomyolipomas, in which the fat content 
is substantial and diffuse. The differential diagnosis is 
angiomyolipoma with minimal fat content [75]. 

Radio Frequency Ablation. In patients who are 
not considered surgical candidates for resection of 
renal cancer, radiofrequency ablation (RFA) has been 
employed as a means of tumor eradication. Hemorrhagic 
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Fig. 9-53 Stage 2 renal cell cancer with central hemor- 
rhage. Tl-weighted precontrast SGE (a), immediate postgadolin- 
ium SGE (£>), and late-phase fat-suppressed gadolinium-enhanced 
SE (c) images. Hemorrhage is present in a 2.5-cm Stage 2 renal 
cancer arising from the right kidney, which appears as high-signal- 
intensity substance on the precontrast Tl-weighted image (arrow, 
a). The tumor shows intense rim enhancement on the immediate 
postgadolinium image (b). Heterogeneous enhancement of the 
tumor is apparent on the interstitial-phase fat-suppressed image (c). 
Tl-weighted precontrast fat-suppressed id) and immediate post- 
gadolinium (e) SGE images in a second patient demonstrate a 5-cm 
tumor arising in the left kidney. Foci of central high signal intensity 
on the precontrast image (arrow, d) are consistent with hemor- 
rhage. The tumor exhibits an unusual central radiating enhance- 
ment pattern on the immediate postgadolinium SGE image (e). This 
pattern of enhancement may be more typical of oncocytoma but 
was present in this renal cell cancer. 



changes are appreciated after the procedure (fig. 9-60). 
Persistent or redevelopment of enhancing stroma is 
consistent with residual or recurrent cancer. 

Recurrent Renal Cancer. Renal cancer recur- 
rence occurs most commonly in the resection bed of 
the resected cancer. Distinction from resection bed 
fibrosis is usually feasible, as fibrosis tends to appear 



as linear, small-volume tissue that exhibits low T2- 
weighted signal and minimal contrast enhancement, 
whereas tumor recurrence appears more nodular or 
masslike with relatively high T2-weighted signal and 
substantial irregular contrast enhancement. Involvement 
of adjacent organs by the recurrent tumor may be 
shown. Recurrence may also be manifest as tumor 
involvement of distant sites (fig. 9.6l). 
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Fig. 9-54 Purely cystic renal cell cancer. Tl -weighed precontrast (a) and precontrast fat-suppressed (b) SGE images, coronal 
T2-weighed SS-ETSE (c) and transverse T2-weighted ETSE (d), and Tl-weighted immediate (e) and interstitial-phase fat-suppressed 
(/) gadolinium-enhanced SGE images. A well-defined cystic lesion with mural calcification was demonstrated on CT images (not 
shown).The lesion is well circumscribed and low in signal intensity on Tl-weighted images (arrows, a, b) and high in signal intensity 
on T2-weighted images (c, d) and does not enhance after gadolinium administration (e, /). A low-signal-intensity mural rim on the 
T2-weighted images (arrows, c, d) corresponds to calcification as shown on the CT image. At surgery, the lesion was considered to 
represent a cyst, but at histologic examination a thin sheet of tumor cells was present in part of the cyst wall. Coronal T2-weighted 
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Fig. 9-54 (Continued) single-shot echo-train spin-echo (g), 
Tl -weighted postgadolinium hepatic arterial dominant SGE (b), 
and fat-suppressed hepatic venous phase 3D-GE (3) images dem- 
onstrate a cystic renal cell cancer (arrows, g-i) in the left kidney 
in another patient. The cystic tumor shows heterogeneous signal 
on T2-weighted image (g) due to its complex multiloculated struc- 
ture. The tumor has a thin wall that shows moderate enhancement 
on postgadolinium images (h, f). No stromal enhancement is 
detected on postgadolinium images (h, i). 





Fig. 9-55 Multicystic hemorrhagic renal cell cancer. Tl-weighted precontrast SGE (a), precontrast fat-suppressed SE (£>), 
and T2-weighted fat-suppressed SE (c) images. Tl- and T2-weighted images demonstrate an 8-cm tumor arising from the left kidney 
that contains regions of mixed low and high signal intensity compatible with blood products of varying ages. Small nodular masses 
of intermediate signal intensity are consistent with solid tumor. 
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Fig. 9.55 (Continued) 





Fig. 9-56 Multifocal renal cell cancer with cystic tumor and 
sheetlike tumor infiltration. Tl -weighted immediate (a), trans- 
verse interstitial-phase fat-suppressed (£>), and sagittal interstitial- 
phase (c) postgadolinium SGE images in a patient with prior right 
nephrectomy for renal cancer. A predominantly cystic renal cancer 
is present in the lower pole of the left kidney (large arrows, a, c). 
Extensive tumor infiltration in a sheetlike pattern is identified along 
the renal capsule and into the renal hilum (small white arrows, b). 
Numerous small cysts are also present (small black arrows, b, c), 
which are seeded with tumor. 
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Fig. 9-57 Bilateral renal cell cancer. Tl -weighted interstitial- 
phase fat-suppressed gadolinium-enhanced SE images from midre- 
nal (a) and lower renal (b) levels. A large cystic/solid renal cancer 
arises from the right kidney. Two smaller renal cancers (arrows, a) 
are identified at the level of the renal hilum in the left kidney. Tl- 
weighted immediate postgadolinium SGE image (c) in a second 
patient demonstrates bilateral hypervascular renal cell cancers. The 
large right renal cancer demonstrates a necrotic center, whereas 
the 2-cm left renal cancer (arrow, c) demonstrates intense hetero- 
geneous enhancement. 





Fig. 9-58 Renal cell cancer with perirenal hemorrhage. Tl -weighted transverse 90-s (a) and sagittal 120-s (b) post- 
gadolinium SGE images. An 8-cm irregular cystic/solid renal cancer arises from the lower two-thirds of the right kidney. A large 
perirenal collection of blood surrounds the kidney (arrows, a, b). The blood appears low in signal intensity on postcontrast images 
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Fig. 9-58 (Continued) because of rescaling of abdominal 
tissue signal intensities. Tl -weighted precontrast fat-suppressed 
SGE (c) and sagittal 3-min Tl-weighted fat-suppressed postgado- 
linium SGE id) images in a second patient. A large mass arises in 
the upper pole of the right kidney. The tumor is heterogeneous 
on the 3-min postgadolinium image (arrow, d). The tumor has 
resulted in a large perinephric hematoma that has extended infe- 
riorly in the pararenal space (arrow, c). The peripheral rim of high 
signal on the noncontrast Tl-weighted image is diagnostic for 
hemorrhage. Transverse Tl-weighted fat-suppressed 3D-GE (e) 
and transverse hepatic venous-phase (/) and interstitial- phase (g) 
fat-suppressed 3D-GE images demonstrate renal cancer with sub- 
capsular and perirenal hemorrhage in the right kidney in another 
patient. The tumor (arrows, /, g) shows heterogeneous progres- 
sive enhancement on postgadolinium images (/, g). A subcapsular 
hematoma (*, e-g) with perirenal extension is detected. The 
peripheral high signal intensity of the hematoma reflects its sub- 
acute nature. 
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Fig. 9-59 Infiltrative renal cell cancer. Gadolinium-enhanced 3D gradient-echo images (a, b) reveal ill-defined heterogeneous 
tissue infiltrating the renal medulla, with expansion of the renal vein with heterogeneous and mildly enhancing tissue (arrow, b). 
Infiltrative involvement is an unusual appearance for renal cancer and is consistent with poorly differentiated histology. 






Fig. 9.60 Renal mass after RF ablation. T2-weighted SS-ETSE (a), Tl-weighted fat-suppressed gradient-echo (£>), and immedi- 
ate (c) and 90-s id) postgadolinium Tl-weighted gradient- echo images. An ablated area is seen in the midaspect of the right kidney, 
which appears as a region with central decreased signal and peripheral high signal intensity on the T2-weighted image (a) and 
central increased signal intensity and peripheral low signal intensity on the Tl-weighted image (arrow, b) and shows a lack 
of enhancement on postgadolinium images (c and d), consistent with acute hemorrhage after successful RF ablation. Coronal 
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Fig. 9.60 (Continued) T2-weighted single-shot echo-train spin-echo (e), transverse Tl-weighted fat-suppressed 3D-GE (/), 
transverse Tl-weighted postgadolinium hepatic arterial dominant-phase SGE (g), and Tl-weighted transverse fat-suppressed postg- 
adolinium interstitial-phase 3D-GE (h) images demonstrate RF-ablated renal cell cancer (arrows, e-h) in the right kidney in another 
patient. RF-ablated lesion shows markedly low signal on T2-weighted image (e) and markedly high signal on precontrast Tl-weighted 
image (/), which are consistent with blood products secondary to the ablation process. No residual or recurrent tumor enhance- 
ment is detected on postgadolinium images (g, h). 





Fig. 9-61 Recurrent renal cell cancer. Tl-weighted precontrast SGE (a), T2-weighted fat-suppressed SGE (b), and Tl-weighted 
immediate (c) and 2-min fat-suppressed id) postgadolinium SGE images. There is a large heterogeneous mass in the right nephrec- 
tomy space consistent with tumor recurrence. The large tumor mass compresses the right lobe of the liver and portal vein with 
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Fig. 9-61 (Continued) invasion of the IVC. Coronal T2-weighted SS-ETSE (e) and transverse Tl-weighted immediate (/) and 2-min 
fat-suppressed (g) postgadolinium SGE images in a second patient. There is a large mass in the right upper quadrant that compresses 
the IVC anteriorly (arrow, g). This mass is heterogeneously increased signal on T2-weighted sequences and demonstrates mild 
heterogeneous enhancement after gadolinium administration. Tl-weighted late-phase fat-suppressed postgadolinium SGE (h) image 
in a third patient. An irregular heterogeneous mass is evident in the superior aspect of the right renal fossa. This lesion invades the 
right psoas muscle (arrow, h) and the right hepatic lobe. The tumor also abuts the posterior branch of the right portal vein and 
the main portal vein. 
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Fig. 9-62 Hypovascular renal cell cancer in chronic renal failure. Tl -weighted fat-suppressed SE (a), 90-s postgadolinium 
SGE (£>), and interstitial-phase gadolinium-enhanced Tl -weighted fat-suppressed spin-echo (c) images. The kidneys are chronically 
failed and appear atrophic with no corticomedullary differentiation on the precontrast image. A 2.5-cm renal cancer arises from 
the lateral aspect of the left kidney and contains a punctate high-signal-intensity focus on the noncontrast Tl -weighted image con- 
sistent with hemorrhage (arrow, a). The tumor enhances minimally on the 90-s postgadolinium SGE image (£>). Small irregular 
enhancing structures are apparent on the gadolinium-enhanced Tl -weighted fat-suppressed image (c), which represent enhancing 
stroma in a hypovascular renal cancer. Tl-weighted immediate postgadolinium SGE image id) in a second patient in chronic renal 
failure with a hypovascular 5.5-cm renal cancer in the left kidney. 



Renal Cancer in Chronic Renal Failure, Patients 
with chronic renal failure have a substantial risk of 
developing RCC, which has a reported incidence of 
approximately 7% [26]. Tumors in patients with chronic 
renal failure are much more commonly hypovascular 
than tumors in patients with normal renal function. The 
frequent occurrence of hypovascular cancers and the 
suboptimal enhancement of renal parenchyma in 
patients with chronic renal failure on iodine contrast- 
enhanced CT images render chronic renal failure 
patients difficult to evaluate with CT. In comparison, 
MRI is able to demonstrate diminished heterogeneous 
enhancement of tumors and moderate enhancement of 
background renal parenchyma, thereby improving 
detection of cancer in this patient group (fig. 9-62). 
Cancers in patients with diminished renal function have 



a great propensity to undergo hemorrhage (fig. 9.63) 
[76], which may be so extensive that the cancer can 
resemble a hemorrhagic cyst (fig. 9.64). Therefore, 
caution must be exercised in describing heterogeneous 
hemorrhagic renal lesions as cysts in patients with 
chronic renal failure. Renal cancer also may arise in 
patients with other underlying renal diseases such as 
polycystic kidney disease (fig. 9.65). 

Renal Cancer — Role of MRI. MRI is slightly supe- 
rior to dynamic contrast-enhanced CT imaging for the 
detection, characterization, and staging of renal cancer 
[1, 15, 59]. There is, however, little difference between 
dual-phase spiral or multidetector CT imaging and MRI 
in the routine investigation of renal masses. There are 
definite indications for the use of MRI, which include 
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Fig. 9-63 Hemorrhagic renal cancer in chronic renal failure. Tl -weighted precontrast SGE (a), precontrast fat-suppressed 
SE (£>), and interstitial-phase fat-suppressed gadolinium-enhanced SE (c) images. A 5-cm renal cancer is present in the right kidney 
(arrow, a) that is heterogeneously high in signal intensity on precontrast Tl-weighted images (a, b), consistent with hemorrhage, 
and shows heterogeneous high-signal-intensity stroma on the postgadolinium image (c). Tl-weighted fat-suppressed SE image (d) 
at a level immediately inferior to the renal cancer shows a hemorrhagic renal cyst with a fluid level (arrow, d). Tl-weighted pre- 
contrast fat-suppressed SGE (e) and 90-s postgadolinium SGE (/) images in a second patient demonstrate a 5-cm tumor that is 
heterogeneously high in signal intensity on the precontrast fat-suppressed image (arrow, e) and is heterogeneously diminished in 
signal intensity on the postgadolinium image (/). 




Fig. 9-64 Hemorrhagic cystic renal cell cancer in chronic 
renal failure. Tl-weighted precontrast SGE (a), precontrast fat- 
suppressed SE (£>), and immediate (c), 1-min (d), and interstitial-phase 
fat-suppressed (e) gadolinium-enhanced SE images. A largely cystic hem- 
orrhagic renal mass is noted arising from the lower pole of the right 
kidney. Small murally-based nodular densities and reticular markings are 
apparent on precontrast and postcontrast images, which are best shown 
on the fat-suppressed images (arrows, b, e). Multiple surgical biopsies 
did not reveal renal cancer. T2-weighted fat-suppressed SE (/), Tl- 
weighted immediate (g, /?), and interstitial-phase fat-suppressed (0 
gadolinium-enhanced SE images obtained 2 1 /2 years later. Numerous 
liver metastases are apparent that are small and high in signal intensity 
on T2-weighted images (/) and enhance in a uniform intense fashion 
on immediate postgadolinium images (g, h). An 8-cm hypervascular 
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Fig. 9-64 (Continued) renal cancer has developed from the cystic cancer (large arrow, h), and tumor thrombus expands the 
IVC (small arrows, g, h). Tl-weighted fat-suppressed gadolinium-enhanced SE image shows the heterogeneous cancer, tumor throm- 
bus, and small lymph nodes (arrow, /)■ 





Fig. 9-65 Renal cell cancer in autosomal dominant poly- 
cystic kidney disease. Tl-weighted precontrast fat-suppressed 
SE (a), T2-weighted fat-suppressed SE (£>), and Tl-weighted trans- 
verse fat-suppressed SE (c) and sagittal SGE id) interstitial-phase 
gadolinium-enhanced images. A large multilocular renal mass is 
present involving the entire right kidney. Cystic spaces vary in 
signal on Tl-weighted (a) and T2-weighted (£>) images, consistent 
with blood products of differing age. Enhancement of septations 
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Fig. 9.65 (Continued) and more solid tissue is present on postgadolinium images (c, d). The superior-inferior extent of the 
massive tumor is shown on the sagittal-plane image (arrows, d). Tumor infiltration of the entire kidney was present at histopathol- 
ogy. The left kidney had been removed with the same histologic findings. Tl -weighted precontrast (e) and 90-s postgadolinium (/) 
fat-suppressed SGE images in a second patient demonstrate a mass in the left kidney. The tumor is not identified on the Tl -weighted 
image and enhances moderately on postgadolinium image (arrow, /). This mass represented renal cell cancer. In patients with 
autosomal dominant polycystic kidney disease it is essential to carefully compare pre- and postgadolinium images to identify areas 
that show enhancement. 



1) allergy to iodine contrast and 2) indeterminate, par- 
ticularly calcified renal masses. The greater enhance- 
ment of renal parenchyma in patients with renal failure 
and the smaller volume of contrast may be advanta- 
geous for the patients with renal failure [77-79]. 
However, stable gadolinium chelates should be used 
cautiously in patients with renal failure because of 
nephrogenic systemic fibrosis considerations (see 
Chapter 20, Contrast Agents) . Gadolinium chelates may 
also be hemodialyzed in patients who already undergo 
hemodialysis [80]. There may be no indication to 
perform noncontrast CT imaging alone in the investiga- 
tion of renal masses. MRI may also be superior for the 
evaluation of tumor thrombus and liver metastases. 
Early detection of renal cancer is critical to improving 
patient survival [69, 81, 82]. Because of the ability of 



MRI to detect renal tumors <lcm in diameter, the role 
of MRI in detecting and characterizing renal masses may 
become increasingly important in patients with bilateral 
renal tumors or in patients scheduled for renal-sparing 
surgery because both CT imaging and ultrasound miss 
at least 50% of tumors <lcm [83]. This may have a 
greater impact in the future, as renal-sparing surgery 
becomes a more prevalent practice [84, 85]. 

Wilms Tumor (Nephroblastoma). Wilms tumor 
is the most common primary renal tumor in childhood. 
The tumor is diagnosed most frequently in children 
between the ages of 2 and 5 years. Gross pathologic 
characteristics of the tumor include a large, homoge- 
neous, well-circumscribed mass that tends to be solitary. 
Bilaterality or multicentricity occurs in 10% of cases. 
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Areas of hemorrhage, cyst formation, and necrosis are 
sometimes encountered. Microscopically, the classic tri- 
phasic composition of cell types is usually identified, 
namely, blastemal ("small, round blue cells"), epithelial, 
and stromal. Wilms tumors calcify in only 5% of cases, 
in contrast to neuroblastomas, which calcify in 50% of 
cases. Unilateral Wilms tumor is associated with a 41% 
incidence of nephrogenic rests, whereas multifocal 
Wilms has a 99% incidence of nephrogenic rests [86]. 
The risk of Wilms tumor is increased in association with 
at least three recognizable groups of congenital syn- 
dromes associated with nephroblastomatosis (the pres- 
ence of nephrogenic rests). The first group, or WAGR 
syndrome, is characterized by aniridia, genital anoma- 
lies, and mental retardation with a high risk of develop- 
ing Wilms tumor. The second group has the Denys-Drash 
syndrome, consisting of gonadal dysgenesis (male 
pseudohermaphroditism) and nephropathy leading to 
renal failure. The third group consists of children 
with Beckwith-Wiedemann syndrome characterized by 
enlargement of body organs, hemihypertrophy, renal 
medullary cysts, and abnormal cells in the adrenal 
cortex. Current staging of Wilms tumors involves a five- 
stage system in which Stage 1 is a tumor confined to 
the kidney that has been completely excised; Stage 2 is 
a tumor that has extended locally beyond the kidney 
and that has been completely excised; Stage 3 is the 
presence of residual tumor after surgery that was con- 
fined to the abdomen without hematogeneous spread; 
Stage 4 is hematogeneous metastases; and Stage 5 is 
bilateral renal involvement [87]. Metastases occur to the 
lungs, liver, and lymph nodes. Wilms tumor, in rare 



instances, may be highly cystic. Tumors arise from the 
kidney with an appearance at times indistinguishable 
from that of renal cell cancer. Age therefore constitutes 
a criterion for predicting the diagnosis, because the 
most common renal malignancy in the pediatric patient 
is Wilms tumor. A transition occurs in the midteens, 
after which renal cell cancer is the most common renal 
tumor. Features suggestive of Wilms tumor are large 
renal tumors that cross the midline. Central necrosis and 
tumor thrombus are less common in large Wilms tumors 
compared to RCC, but this does not provide consistent 
differentiating information. Wilms tumors commonly 
contain central hemorrhage. 

Wilms tumors are slightly hyperintense on T2- 
weighted images and slightly hypointense on Tl- 
weighted images. Large cancers are frequently 
heterogeneous with regions of high signal intensity on 
Tl -weighted images because of the presence of hemor- 
rhage (fig. 9.66). Tumors enhance heterogeneously on 
postgadolinium images, but tend to be less intensely 
enhanced and less heterogeneous than renal cell cancer 
on early postcontrast images. Nephrogenic rests are 
typically <2cm and enhance minimally on postgado- 
linium images (fig. 9.67) [86]. As with renal cancer, 
tumor thrombus in Wilms tumor is well shown with 
gadolinium-enhanced MR images and is better defined 
than on CT images (fig. 9.67) [88]. 

Lymphoma. Lymphomatous involvement of the 
kidneys generally occurs in the context of widespread 
disease. However, isolated focal involvement of the 
kidney does occur [89-91]. Non-Hodgkin lymphoma 





Fig. 9.66 Wilms tumor. Tl -weighted precontrast fat-suppressed SE (a), T2-weighted ETSE (b), and Tl -weighted interstitial- 
phase fat-suppressed gadolinium-enhanced SE (c) images. A large mass arises from the right kidney and demonstrates central linear 
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Fig. 9-66 (Continued) regions of high signal intensity on Tl- and T2-weighted images, consistent with blood. No substantial 
central necrosis is identified on the postcontrast images despite the large size of the tumor. Coronal T2-weighed SS-ETSE (d, e), 
transverse T2-weighted fat-suppressed SE (/), and immediate (g) and 90-s (h) postgadolinium SGE images in a second patient. A 
large heterogeneous Wilms tumor arises from the upper pole of the right kidney (arrows, d). A rim of posterior normal renal cortex 
is apparent (arrow, g). 
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Fig. 9.67 Wilms tumor. Coronal (a) and transverse fat-suppressed (b) Tl-weighted gadolinium-enhanced SE images. A hetero- 
geneously enhancing tumor is present arising from the lower half of the right kidney (a, b). Thrombus is noted in the IVC (arrow, 
b), which represents blood thrombus at this tomographic section inferior to the renal vein. Nephroblastomatosis. Coronal (c) 
and sagittal (d) T2-weighted single-shot echo-train spin-echo, coronal Tl-weighted magnetization-prepared rapid gradient-echo 
(MPRAGE) (e), transverse T2-weighted single-shot echo-train spin-echo (/"), and transverse Tl-weighted postgadolinium water excita- 
tion MPRAGE (g) images demonstrate bilateral nephroblastomatosis in another patient. The kidneys are enlarged and have lobulated 
contours due to the presence of perilobular nephrogenic rests. Nephrogenic rests (arrows, c-g) show isointense to mildly 
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Fig. 9.67 (Continued) hypointense signal on T2-weighted (c, d,f) and Tl-weighted (e) images and lower enhancement com- 
pared to normal renal parenchyma on postgadolinium image (g). Note that a hyperplastic or neoplastic nodule (black arrows, c, e) 
is detected in the left kidney. Bilateral collecting systems are moderately dilated. 



more commonly involves the kidneys than Hodgkin 
lymphoma and is most commonly the B cell type [89]. 
Three basic patterns of involvement occur: 1) direct 
invasion from adjacent disease, most commonly large 
retroperitoneal masses (fig. 9.68), 2) focal masses that 
may be solitary or multiple (figs. 9.69 and 9.70), and 3) 
diffuse infiltration (fig. 9.71) [89-91]. Lymphoma com- 
monly extends along the subcapsular surface of the 
kidney, particularly in the setting of invasion from adja- 
cent disease. Renal parenchyma lacks lymphoid tissue, 
so primary renal lymphoma usually arises from lym- 
phatic tissue in the renal sinus. Direct invasion of the 
kidney by a large retroperitoneal nodal mass is the most 
common form of renal disease and is often observed at 
initial presentation. 

Lymphoma is generally heterogeneous and slightly 
hypointense to isointense on T2-weighted images and 
slightly hypointense relative to renal cortex on Tl- 
weighted images. Gadolinium enhancement of most 
lymphomas is mildly heterogeneous and minimal on 



early postcontrast images and remains minimal on late 
postcontrast images [91]. Tumors generally show no 
appreciable central necrosis, even in the setting of very 
large tumors. 

Lymphoma tends to infiltrate the renal medulla. 
Retroperitoneal lymphoma that invades the kidney 
usually extends through the renal sinus into the renal 
medulla (see fig. 9.68). Diffuse infiltration of the kidney 
predominantly affects the medulla, with relative sparing 
of the renal cortex (see fig. 9.71) [88]. Focal masses arise 
in the renal medulla or cortex (see fig. 9.69). Cortex- 
based masses tend to enhance more intensely than other 
forms of renal involvement, which may reflect the greater 
blood supply of the cortex [91, 92]. As most forms of 
lymphoma involve the medulla, these tumors can 
be distinguished from renal carcinoma because renal 
carcinomas originate in the renal cortex. Other distin- 
guishing features include 1) degree of vascularity (lym- 
phoma shows mild diffuse heterogeneous enhancement, 
whereas renal cancer shows intense early heterogeneous 
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Fig. 9-68 Renal lymphoma, large retroperitoneal mass invading kidney. Tl -weighted precontrast SGE (a), immediate 
postgadolinium SGE (£>), and late-phase fat-suppressed gadolinium-enhanced SE (c) images. A large retroperitoneal mass is present 
that is homogeneous and soft tissue signal intensity on the SGE image (a) and enhances minimally on capillary-phase (b) and 
interstitial-phase (c) images. On postcontrast, images lymphoma is moderately heterogeneous, with no evidence of necrosis. A thin 
rim of spared renal cortex is evident (small arrows, b), and the kidney is displaced anterolaterally. Tumor invades through the renal 
pelvis into the renal medulla. The renal artery is patent (arrows, b, c) but encased by lymphoma. Patency is shown by the presence 
of high-signal-intensity gadolinium in the artery on the immediate postgadolinium SGE image (b) and by flow void on the spin-echo 
image (c). In a second patient, a similar appearance of lymphoma is shown on T2-weighted fat-suppressed SE (d), Tl-weighted imme- 
diate (e) and 90-s (/) postgadolinium SGE, and late-phase fat-suppressed postgadolinium SE (g) images. Lymphoma is mildly hyper- 
intense on the T2-weighted image id) and heterogeneous and mildly enhanced on capillary-phase (e) and interstitial-phase (f, g) 
gadolinium-enhanced images. The renal artery (arrows, d,f, g) and renal vein (small arrows, d,f, g) are encased by tumor but patent. 
Patency is demonstrated by the presence of high signal intensity on the SGE image (/) and signal void on the SE images (d, g). 



Fig. 9-68 (Continued) The involved kidney demonstrates 
diminished cortical enhancement (arrow, e) relative to the normal 
contralateral right kidney on the capillary-phase image (e). 
Lymphoma has extensively invaded the medulla, but relative 
sparing of cortex is observed (white arrows,/, g). 





Fig. 9.69 Lymphoma — multifocal renal involvement. 

T2-weighted breathing-independent SS-ETSE (a) and Tl -weighted 
fat-suppressed gadolinium-enhanced SE (b) images. Lymphoma 
masses are mildly hypo- to isointense on T2-weighted images (a) 
and heterogeneous with low-signal-intensity centers (arrows, b) 
on interstitial-phase gadolinium-enhanced images. Incidental note 
is made of gallstones, which are well shown on the breathing- 
independent T2-weighted image (arrow, a). T2-weighted single- 
shot echo-train spin-echo (c), Tl -weighted postgadolinium 
fat-suppressed hepatic arterial dominant-phase (d), and hepatic 
venous-phase (e) 3D-GE images demonstrate multifocal lymphoma 
(arrows, d, e) in another patient. The lesions are located in both 
kidneys and are isointense to the renal cortex on T2-weighted 
image (c). The lesions show less enhancement compared to the 
normal renal tissue. 
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Fig. 9-70 Lymphoma, solitary mass. Tl-weighted immediate postgadolinium SGE (a) and 90-s fat-suppressed gadolinium- 
enhanced SE Qf) images. A solitary lymphoma mass is present in the left kidney (arrows, a, b) that is minimally enhanced on the 
capillary-phase image (a) and heterogeneous and moderately enhanced on the interstitial-phase image (b). (Reproduced with per- 
mission from Semelka RC, Kelekis NL, Burdeny DA, Mitchell DG, Brown JJ, Siegelman ES: Renal lymphoma: demonstration by MR 
imaging. AJR Am J Roentgenol 166: 823-827, 1996.) 



enhancement), 2) presence of necrosis (necrosis is 
uncommon in lymphoma, even in large masses, whereas 
central necrosis is very common in large renal carcino- 
mas), 3) presence of tumor thrombus (lymphoma rarely 
results in tumor thrombus, whereas tumor thrombus is 
common in large renal carcinomas), 4) location of the 
center of the tumor (in lymphoma the center is most 
often outside the contour of the kidney, whereas in renal 
cancer it is in the renal cortex), 5) presence of renal 
artery encasement with diminished capillary-phase 
enhancement of the entire kidney (large retroperitoneal 
mass and diffusely infiltrative patterns of lymphoma 
commonly encase the renal artery and result in general- 
ized diminished renal enhancement, which is a rare 
finding in renal carcinoma) [91], and 6) presence of 
direct extension and involvement of the psoas muscle 
(common in lymphoma and rare in renal carcinoma). 
Solitary focal renal cortical involvement of lymphoma, 
however, may resemble renal carcinoma. Focal masses 
usually arise in the setting of recurrent disease, so the 
history of lymphoma is known, and diagnosis can be 
established on the basis of clinical history. 

Granulocytic Sarcoma (Chloroma). Granulo- 
cytic sarcoma or chloroma (from the Greek chloros, 
meaning green) is an uncommon malignant neoplasm 
that develops in 3-10% of patients with acute myelo- 
blastic leukemia and less commonly in patients with 
acute lymphocytic leukemia. The incidence of granulo- 
cytic sarcomas has increased in recent times because of 
more prolonged leukemic remission. 

Abdominal granulocytic sarcomas show mildly high 
signal intensity on T2-weighted, moderately low signal 



intensity on Tl-weighted, and minimal enhancement on 
postgadolinium images. The MR appearance is consis- 
tent with hypovascular solid tissue (fig. 9.72). 

Renal carcinomas usually have a different appear- 
ance in that they are cortex based and generally enhance 
in an early heterogeneous intense fashion. Hypovascular 
renal cancers may be difficult to distinguish from granu- 
locytic sarcoma on the basis of imaging appearance, 
although granulocytic sarcomas usually do not have 
as regular a spherical shape, fine pattern of small 
internal vessels, or clear origin from renal cortex as 
generally observed in hypovascular renal cell cancers. 
The appearance of granulocytic sarcoma is distinct from 
renal abscesses and hemorrhage, which are in the dif- 
ferential diagnosis of renal masses in leukemia patients 
(fig. 9.72) [931 

Carcinoid. A number of very rare primary tumors 
may occur in the kidney; carcinoid tumor is one such 
example (fig. 9.72). These malignancies are so rare that 
at present distinctive MR appearances have not been 
determined, and their diagnosis is made retrospectively 
at the time of resection. The fact that these rare tumors 
do occur should not alter the usual estimation of renal 
tumors; the great majority of cortex-based tumors are 
renal cell carcinomas, and cortex-based tumors that are 
smaller and less aggressive appearing and do not show 
change in size over a >2-year period are likely renal 
adenomas. 

Small Cell Carcinoma. Small cell carcinoma is a 
rare primary malignant tumor of the kidney. This tumor 
occurs most commonly in older females. 
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Fig. 9-71 Lymphoma, diffuse infiltration. Tl-weighted precontrast fat-suppressed SE (a), immediate postgadolinium SGE 
(b), and late-phase fat-suppressed gadolinium-enhanced SE (c) images. The right kidney is enlarged in a generalized fashion (a-c). 
CMD is not well shown on the precontrast Tl-weighted image (a). On the immediate postgadolinium image (&), diminished enhance- 
ment of the renal cortex is present. However, the cortex has a normal thickness and uniformity. On the later interstitial-phase image, 
increased enhancement is present in the outer medulla, and multiple low-signal-intensity foci (arrows, c) are present in the inner 
medulla, which likely represent focal aggregates of lymphoma. (Reproduced with permission from Semelka RC, Kelekis NL, Burdeny 
DA, Mitchell DG, Brown JJ, Siegelman ES: Renal lymphoma: demonstration by MR imaging. AJR Am J Roentgenol 166: 823-827, 
1996.) Tl-weighted precontrast SGE id) and 45-s (e) and 90-s fat-suppressed (/) postgadolinium SGE images in a second patient. 
The kidneys show decreased CMD on noncontrast Tl-weighted images. There is also decreased, cortical enhancement on the 45-s 
postcontrast image, with heterogeneous medullary enhancement. The extent of renal enhancement shows negligible changes on 
the later postcontrast image. 
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Fig. 9-72 Granulocytic sarcoma. Tl -weighted 90-s post- 
gadolinium SGE image (a) in a patient with acute myelogenous 
leukemia. A homogeneous mildly enhanced 2-cm granulocytic 
sarcoma (arrow, a) arises from the upper pole of the right kidney. 
The liver is low in signal intensity secondary to transfusional 
hemosiderosis. Primary renal carcinoid tumor. Transverse T2- 
weighted fat-suppressed single-shot echo-train spin-echo (£>), 
transverse Tl-weighted SGE (c), transverse Tl-weighted postgado- 
linium hepatic arterial dominant-phase fat-suppressed 3D-GE (d) 
and coronal Tl-weighted postgadolinium interstitial-phase fat- 
suppressed 3D-GE (e) images demonstrate a primary renal carci- 
noid tumor (arrows, b-e) in another patient. The tumor shows 
low signal on T2-weighted image (£>), isointense signal on Tl- 
weighted image (c), and lower but progressive enhancement com- 
pared to the normal renal tissue on postgadolinium images (d, e). 
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On MR images, the tumor is mildly hyperintense on 
T2-weighted images and mildly hypointense on Tl- 
weighted images and shows diffuse heterogeneous 
enhancement on gadolinium-enhanced images [94] (fig. 
9.73). Central necrosis is less prominent in small cell 
carcinomas that are >5 cm in diameter than is typical for 
renal cell cancer, which may provide a clue to the 
diagnosis. There may also be a tendency for medullary 
involvement, with relative sparing of the cortex, that 
also aids in the distinction from renal cell cancer. 

Metastases. Metastases to the kidney are a late 
manifestation of advanced disease. The most common 
primary tumors to metastasize to the kidneys are lung 
(19.8-23.3% of cases), breast (12.3% of cases), and 
gastric carcinomas, as reported in large autopsy series, 
but metastases may occur in the setting of many malig- 
nant diseases (fig. 9.74) [95]. Metastases usually appear 
as multiple bilateral renal masses, but solitary masses 
may occur (fig. 9.75). Metastases from poorly differ- 
entiated adenocarcinomas may diffusely infiltrate the 
kidneys with an appearance similar to that of lymphoma 
(fig. 9.76). 

Diffuse Renal Parenchymal Disease 

Diffuse renal parenchymal diseases are common medical 
conditions. A variety of disease processes may result in 
parenchymal disease, and they may be classified into 
the following broad categories: glomerular disease; 
acute and chronic tubulointerstitial disease; diabetic 
nephropathy and nephrosclerosis and other forms of 
microvascular disease; ischemic nephropathy caused by 
disease of the main renal arteries; obstructive nephropa- 
thy; and infectious renal disease [96]. 

MRI has played a limited role in the evaluation of 
diffuse renal parenchymal disease. The intrinsic high 
soft tissue contrast resolution of breath-hold gradient- 
echo and fat-suppressed images and the clear definition 
of the renal cortex on immediate postgadolinium gra- 
dient-echo images do provide useful information for the 
evaluation of morphologic changes associated with 
these entities. The renal cortex is most distinctly shown 
on immediate postgadolinium gradient-echo images, 
and alterations of thickness, regularity, and temporal 
enhancement of the cortex provide information that 
correlates with underlying pathophysiology [96]. One 
study [96] described MRI findings for diffuse parenchy- 
mal diseases of 121 patients with renal disease. The 
presence of corticomedullary differentiation (CMD) 
demonstrated a strong inverse relationship with serum 
creatinine (sCr) (r= -0.568, P< 0.001). The mean cortex 
thicknesses for normal kidney and kidneys with glo- 
merular disease were 8.4 and 7.8 mm, respectively, 
which were significantly thicker (JP < 0.01) than renal 



cortex in patients with microvascular disease (5.2 mm), 
tubulointerstitial disease secondary to antineoplastic 
chemotherapy (5.6 mm), ischemic nephropathy (5.5 mm), 
and obstructive nephropathy (4.3 mm). Irregularity of 
the renal cortex was common in microvascular disease 
(60.9%), infectious renal disease (62.5%), obstructive 
nephropathy (55.6%), and nonchemotherapy tubuloin- 
terstitial disease (53.8%) compared with chemotherapy- 
induced tubulointerstitial disease (5.9%), glomerular 
disease (3.8%), and normal kidneys (0%). Diffuse high 
signal intensity of the entire medulla on delayed post- 
contrast images was observed in 20.7% of patients with 
diffuse renal disease and in none of the patients with 
normal kidneys. Combining this information with other 
imaging findings, such as dilation of the renal collecting 
system in obstructive nephropathy or atherosclerotic 
disease of the aorta in ischemic nephropathy and micro- 
vascular disease, allows prediction of the probable 
underlying type of diffuse renal parenchymal disease. 
Dynamic changes of temporal enhancement of the 
cortex and medulla in normal kidneys, obstructive 
nephropathy, and post-extracorporeal shock wave litho- 
tripsy for renal calculus disease have been described 
[5, 21, 77]. Temporal changes in other causes of diffuse 
renal parenchymal disease remain to be established. 

Currently, because of concerns about nephrogenic 
systemic fibrosis, stable gadolinium chelates should be 
used cautiously in patients with diminished renal func- 
tion (see Chapter 20, Contrast Agents). 

Diminished Renal Function 

Loss of CMD on Tl -weighted images in patients with 
elevated sCr has been described [97]. This is a nonspecific 
finding observed in virtually all renal diseases that result 
in diminished renal function. Demonstration of CMD is 
best made on precontrast Tl -weighted fat-suppressed 
images. Fat-suppressed gradient-echo imaging may be 
superior to fat-suppressed spin-echo imaging because 
breath-holding results in greater image sharpness. In one 
study [97] that described the relationship of CMD to the 
level of sCr with precontrast Tl -weighted fat-suppressed 
spin-echo and immediate postgadolinium SGE imaging, 
all patients with sCr > 3.0mg/dl showed loss of CMD on 
precontrast images (fig. 9.77). In patients with sCr of 
1.5-2.9mg/dl, the loss of CMD occurred in approximately 
half of the patients. The loss of CMD on immediate post- 
gadolinium SGE images was not observed until sCr 
exceeded 8.5mg/dl. Changes in fluid content between 
cortex and medulla likely account for the changes on 
precontrast images. This reflects some combination of 
increased fluid in the cortex and decreased fluid in the 
medulla. CMD on immediate postgadolinium images 
reflects autoregulatory blood flow distribution in the 
kidney that may be lost in advanced renal disease. This 
may reflect irreversible renal parenchymal damage. 






Fig. 9-73 Primary small cell carcinoma of kidney and local recurrence. Coronal T2-weighted SS-ETSE (a), Tl -weighted 
fat-suppressed gradient-echo (b), immediate postgadolinium Tl -weighted gradient-echo (c), and interstitial-phase postgadolinium 
fat-suppressed gradient-echo id) images. There is a large mass arising from the right kidney that demonstrates heterogeneous high 
signal intensity on T2-weighted image (a), low signal intensity on Tl -weighted image (£>), and mild heterogeneous enhancement 
on early (c> and late (d)-phase images. At the periphery of the mass, there is a thin rim of enhancing cortex. Tl -weighted gradient 
echo (e) and interstitial-phase postgadolinium fat-suppressed 3D gradient-echo (/) images of the same patient 4 months after right 
nephrectomy demonstrate soft tissue implants near the medial margin of the liver (arrows, e, /), consistent with local recurrence. 
There is an additional focus of tumor that tracks along the liver capsule (arrowheads, e, /). 




Fig. 9.74 Renal metastases from ovarian cancer. Tl- 

weighted 45-s postgadolinium SGE (a) and coronal (b) and trans- 
verse (c) 2- to 3-min fat-suppressed postgadolinium SGE images. A 
tumor is present in the upper pole of the right kidney that dem- 
onstrates mild and heterogeneous enhancement. 





Fig. 9-75 Renal metastases. Coronal Tl-weighted precon- 
trast SGE (a) and transverse immediate postgadolinium SGE (b) 
images. On the precontrast image (a), a homogeneous intermedi- 
ate-signal-intensity mass is noted in the right kidney (arrow, a). In 
addition, multiple leiomyosarcoma liver metastases are present. 
On the immediate postcontrast image, the renal metastasis is noted 
to involve cortex and medulla (arrows, b) and extends into the 
perirenal space. The mass contains a small cystic component 
(small arrow, b). Tl-weighted fat-suppressed gadolinium-enhanced 
image (c) in a second patient, who has renal metastases from lung 
cancer, demonstrates multiple low-signal-intensity metastatic 
lesions in both kidneys (arrows, c). Transverse and coronal 
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Fig. 9-75 (Continued) Tl-weighted postgadolinium interstitial-phase fat-suppressed 3D-GE images (d, e) demonstrate kidney 
and lung metastases from choriocarcinoma in another patient. Kidney metastases (arrows, d) are detected in both kidneys as 
hypointense irregular masses. Small lung metastases (arrows, e) are detected in the right lung. A pleura-based large lung metastasis 
(arrows, e) is detected in left lung. 





Fig. 9.76 Renal metastases, undifferentiated adenocarci- 
noma. Tl-weighted immediate (a) and 90-s (b) postgadolinium 
SGE and interstitial-phase fat-suppressed gadolinium-enhanced SE 
(c) images. Massive retroperitoneal adenopathy with extension 
through the renal hilum and invasion of the renal medulla is 
present (a-c). Extensive infiltration of the medulla with relative 
sparing of the cortex is well shown on interstitial-phase images 
(b, c). This appearance of renal involvement resembles lymphoma. 
Thickening of Gerota fascia (arrow, c) and retroperitoneal adenop- 
athy are best shown on the gadolinium-enhanced fat-suppressed 
image, reflecting good conspicuity of enhanced malignant tissue 
in a background of suppressed fat. 
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Fig. 9.77 Elevated serum creatinine (3mg/dl) with loss 
of CMD. Tl -weighted precontrast fat-suppressed SE (a) and imme- 
diate postgadolinium SGE (b) images. Loss of corticomedullary 
differentiation (CMD) on the precontrast image (a) is noted, with 
preservation of CMD on the immediate postgadolinium SGE (b) 
image. Loss of CMD on precontrast Tl -weighted images is a non- 
specific finding of diminished renal function. T2-weighted fat- 
suppressed single-shot echo-train spin-echo (c), Tl -weighted SGE 
id), and Tl -weighted postgadolinium fat-suppressed hepatic arte- 
rial dominant-phase id) and hepatic venous-phase ie) 3D-GE 
images at 3.0 T demonstrate the loss of corticomedullary differen- 
tiation in another patient with elevated creatinine level. 
Corticomedullary signal difference is lost on precontrast Tl- 
weighted image (c) and reflects diminished renal function. 
However, corticomedullary enhancement difference is preserved 
as seen on postgadolinium images id, e). Advanced renal failure 
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Fig. 9-77 (Continued) and elevated serum creatinine 
(>8.5mg/dl). Coronal postgadolinium 3D MIP 3D-GE MRA image 
(/") demonstrates normal renal arteries (arrows) and the absence 
of enhancement of both kidneys due to advanced renal failure in 
another patient. 



Not all patients with elevated sCr show loss of 
CMD. Loss of CMD on precontrast images presumably 
develops over some period of time. Patients with acute 
renal failure who are imaged within 1 week of onset 
may show preservation of CMD [96]. A study [98] that 
evaluated the appearance of CMD in patients with acute 
renal failure (defined as onset within 2 weeks of the 
MRI exam) showed that 21 patients with acute renal 
failure had preservation of CMD on noncontrast Tl- 
weighted images. The conclusion of this study is that 
caution should be exercised in interpreting renal 
function based on CMD in patients with acute renal 
failure, as CMD may be preserved in the setting of 
severely compromised kidneys. Unlike the situation 
with chronic renal failure, where the presence of CMD 
correlates with renal function, this correlation does not 
exist in the first 2 weeks after the onset of acute renal 
failure. 



Glomerular Disease 

The clinical manifestations of glomerular disease are 
varied and range from asymptomatic urinary abnormali- 
ties to acute nephritis, nephrotic syndrome, and chronic 
renal failure. In patients with nephrotic syndrome, the 
majority have membranous nephropathy, and MRI 
findings are generally minimal (fig. 9.78) [96]. Diffuse 
increased enhancement resulting in high signal intensity 
of the medulla may be observed on delayed postgado- 
linium images. In chronic disease, cortical thinning is 
smooth and regular in contour and medullary atrophy 
may be substantial (fig. 9.79). Nephrotic syndrome may 
also be associated with renal vein thrombosis. Renal 
vein thrombus may be well shown with a number of 
MRI techniques [59, 63, 96, 991. Gradient-echo images 
acquired 45-120 s after gadolinium serve as an effective 
technique for demonstrating renal vein thrombus (fig. 
9.80). True-FISP is an effective noncontrast technique 
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Fig. 9-78 Recent-onset membranous nephropathy. Tl -weighted precontrast fat-suppressed SE (a) and immediate (b) and 
late-phase fat-suppressed (c) gadolinium-enhanced SE images. CMD is diminished on the precontrast image (a). Renal cortex is 
uniform and of normal thickness on the immediate postgadolinium image (b). Diffuse increased enhancement of the medulla is 
noted on the interstitial-phase image (c). Enhancing platelike retroperitoneal tissue is present that extends into the left renal hilum 
(arrows, c).This represents acute benign retroperitoneal fibrosis. Tl-weighted precontrast fat-suppressed id) and immediate (e) and 
90-s fat-suppressed (/) postgadolinium SGE images in a second patient with chronic renal failure. Decreased CMD is present on 
the precontrast fat-suppressed image (d), and increased medullary enhancement is appreciated on the interstitial-phase image (/). 
Note also a small simple cyst in the left kidney. 
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Fig. 9-79 Chronic membranous glomerulonephritis. Tl- 

weighted precontrast (a), precontrast fat-suppressed (&), and 
immediate postgadolinium (c) SGE images. No CMD is appreciated 
on precontrast images (a, b). The immediate postgadolinium 
image (c) demonstrates uniform cortical thinning and dispropor- 
tionate atrophy of the renal medulla. Fat in the renal sinus has 
increased in volume to supplant the atrophic medulla. Chronic 
renal failure secondary to glomerular disease. Tl -weighted 
postgadolinium hepatic arterial dominant phase SGE (d, e) and 
Tl -weighted postgadolinium hepatic venous-phase fat-suppressed 
3D-GE (/, g) images demonstrate bilateral atrophic kidneys devel- 
oping secondary to glomerular disease in another patient. 
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Fig. 9.80 Renal vein thrombosis with nephrotic syndrome. Tl -weighted 90-s gadolinium-enhanced SGE (a) and late-phase 
fat-suppressed gadolinium-enhanced SE (b) images. Low-signal bland thrombus is identified in the left renal vein (arrows, a, b). 
Flow in the vein surrounding the thrombus is identified as high signal intensity on these images. Greater conspicuity of gadolinium 
in the patent periphery of the vein is apparent on the fat-suppressed image because of suppression of the competing signal intensity 
of fat (b). 



to show high signal in patent vessels. Detection of 
thrombus is important because it is treatable with 
thrombolytic agents and successful treatment may result 
in improvement of the condition. 

Tubulointerstitial Disease 

A variety of underlying etiologies may result in tubu- 
lointerstitial disease, of which drug-related causes are 
among the most common. Tubulointerstitial disease sec- 
ondary to analgesic drug overuse results in irregular 
cortical thinning (fig. 9.81) [96]. The irregularity presum- 
ably reflects the intermittent nature of the insult because 
drug intake is sporadic. Tubulointerstitial disease 
from antineoplastic chemotherapy results in more 
uniform cortical thinning (fig. 9.82) [96]. This presum- 
ably reflects the fact that the cortical insult is more 
constant because of the regular rate of chemotherapy 
drug administration. 

Acute Tubular Necrosis 

Acute tubular necrosis results from metabolic or toxic 
etiologies in the majority of cases. Within 1 week of 
onset of this condition CMD may be preserved despite 
substantial elevation of sCr (fig. 9.83). This likely reflects 
the fact that the loss of CMD may take more than 1 
week to develop. 

Tubular Blockage 

A number of etiologic agents may result in tubular 
blockage. Renal failure may result from blockage of a 
substantial portion of the renal tubules by various 
substances. The classic example of diffuse tubular 




Fig. 9.81 Tubulointerstitial disease secondary to 
analgesic abuse. Tl -weighted immediate postgadolinium SGE 
image demonstrates irregular cortical thinning ranging in thick- 
ness from 1 to 4 mm. Regions of extreme cortical thinning are 
apparent (arrows) (Reproduced with permission from Kettritz 
U, Semelka RC, Brown ED, Sharp TJ, Lawing WL, Colindres RE: 
MR findings in diffuse renal parenchymal disease. / Magn 
Reson Imaging 6: 136-144, 1996.) 



blockage is by Bence Jones proteinuria in multiple 
myeloma (fig. 9.84). 

Another example of renal tubular injury is with high 
levels of urinary pigments (myoglobinuria), especially 
in the setting of renal hypoperfusion and ischemia [100]. 
Many disorders in which myoglobinuria develops result 
from severe and excessive stress or overuse of striated 
muscles (fig. 9.84) [101]. 
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Fig. 9.82 Tubulointerstitial disease secondary to chemo- 
therapy. Tl -weighted immediate postgadolinium images in 3 
patients (a-c) who have a remote history of antineoplastic che- 
motherapy. Regular cortical thinning is present in all patients. 
Note the low signal intensity of the liver in the third patient (c) 
due to transfusional siderosis. 



Other Parenchymal Diseases 

Iron Deposition 

Iron deposition occurs in the renal cortex in the setting 
of intravascular hemolysis with hemoglobin accumula- 
tion in renal glomeruli. Sickle cell disease is the most 
common entity to result in this condition [102, 103]. The 
usual appearance is low signal intensity of the renal 
cortex due to the T2*-shortening effects of iron. This is 
best appreciated on gradient-echo or T2-weighted 
images (fig. 9.85). On immediate postgadolinium gradient- 
echo images, the Tl -shortening effects of gadolinium 
usually exceed the T2-shortening effects of the iron in 
the renal cortex, resulting in high-signal-intensity 
enhanced renal cortex. On interstitial-phase images, 
passage of contrast into the tubules and enhancement 
of the medulla results in signal reversal, with the cortex 
becoming lower in signal intensity than the medulla (fig. 
9.86). Less commonly, dilute-concentration iron in the 
glomeruli may result in a high-signal-intensity renal 
cortex on precontrast Tl -weighted images. The spleen 
in sickle cell disease is also affected with iron deposi- 
tion, and splenic infarcts are observed. 



Paroxysmal nocturnal hemoglobinuria results in 
iron deposition in the renal cortex. Demonstration that 
the renal cortex becomes higher in signal on a short TE 
out-of-phase sequence, compared to the longer TE in- 
phase sequence, confirms the presence of iron in the 
renal cortex by demonstrating this magnetic susceptibil- 
ity property (fig. 9.87). Iron deposition in the liver and 
spleen is variable and related to blood transfusions or 
portal hypertension [104]. 



Parenchymal Changes from Obstruction 

Acute and chronic obstructions are well shown on MR 
images. In acute obstruction, kidney size is enlarged 
and contrast persists in the renal parenchyma for a 
prolonged period of time, resulting in a prolonged 
nephrogram phase. The concentration of gadolinium in 
the collecting system is usually dilute, resulting in high 
signal (fig. 9.88). This is caused by the combination of 
the excretion of dilute urine, which occurs in the setting 
of acute severe obstruction, and the dilutional effect of 
gadolinium within a large volume of urine in a dilated 
collecting system. Corticomedullary differentiation is 
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Fig. 9-83 Acute tubular necrosis. Tl-weighted precontrast fat-suppressed SE (a) and immediate postgadolinium SGE (b) 
images. CMD is demonstrated on both precontrast (a) and immediate postcontrast (b) images in a patient with acute tubular necrosis 
and serum creatinine of 6.3mg/dl. Acute tubular necrosis developed within 1 week before MRI examination, and the acute nature 
of the injury presumably accounts for the presence of CMD on the precontrast image. Tl-weighted precontrast (c), precontrast 
fat-suppressed (d), and immediate postgadolinium (e) SGE images in a second patient, with acute tubular necrosis of 1-week dura- 
tion, demonstrate globular-shaped kidneys with decreased CMD on precontrast images (c, d). Tl-weighted precontrast SGE image 
(/) in a third patient shows high signal intensity in the medulla of kidneys on noncontrast Tl-weighted images, suggesting infiltra- 
tion with blood or protein. 
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Fig. 9-84 Tubular blockage secondary to Bence Jones proteinuria. Tl-weighted precontrast fat-suppressed SE (a), immedi- 
ate postgadolinium SGE (£>), and late-phase fat-suppressed gadolinium-enhanced SE (c) images. This patient with multiple myeloma 
has high-signal-intensity lesions in the bone marrow and liver and absent CMD on precontrast images (a). On immediate postgado- 
linium image (£>), CMD is present, but cortical enhancement is not intense. On interstitial-phase image (c), diffuse high signal 
intensity is present in the renal medulla, suggesting the presence of tubular leakage of gadolinium. Tubular blockage secondary 
to rhabdomyolysis. Tl-weighted precontrast id) and precontrast fat-suppressed (e) SGE images. The kidneys are enlarged, with 
diminished CMD on the precontrast image. Extensive high signal is present in the muscles of the upper thighs (e), which on the 
noncontrast image reflects diffuse hemorrhagic changes. Coronal Tl-weighted gradient-echo (/) and Tl-weighted fat-suppressed 





Fig. 9-84 (Continued) 90-s postgadolinium (g) images in a second patient with a history of rhabdomyolysis. The kidneys are 
enlarged and exhibit heterogeneous high signal intensity on pregadolinium Tl -weighted images more evident in the medullary 
portion, which is secondary to protein accumulation. Note the abnormal enhancement seen in the paraspinal muscles in the lumbar 
region (arrows, g). Tubular blockage. T2-weighted single-shot echo-train spin-echo (h), Tl-weighted postgadolinium hepatic arte- 
rial dominant-phase SGE (i), and Tl-weighted postgadolinium interstitial-phase fat-suppressed 3D-GE (j) images demonstrate tubular 
blockage in another patient. The kidneys are globular in shape. Corticomedullary enhancement difference is seen on the hepatic 
arterial dominant-phase image (/)• On interstitial-phase image (/), focal high signal intensity is present in the renal medulla, sug- 
gesting the presence of tubular leakage of gadolinium. 





(a) (b) 

Fig. 9-85 Sickle cell disease. Coronal (a) and transverse (b>) T2-weighted SS-ETSE and Tl-weighted precontrast (c) and 90-s 
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Fig. 9.85 (Continued) fat-suppressed postgadolinium id) 
SGE images. The kidneys are globular shaped, and the renal cor- 
tices are low signal on T2- and Tl-weighted images, consistent 
with iron deposition. Coronal T2-weighted SS-ETSE (e) and trans- 
verse Tl-weighted precontrast (/) and 90-s fat-suppressed postg- 
adolinium (g) SGE images in a second patient reveal similar 
findings. 



diminished on immediate postgadolinium images [5]. 
In chronic obstruction, the kidney, which is initially 
enlarged, over time gradually decreases in size and 
develops diminished renal perfusion (fig. 9.89) [5]. 
Renal cortical thinning occurs and, in pure renal obstruc- 
tion, is usually uniform. Irregular cortical thinning, 
however, is not unusual. The regularity of cortical thin- 



ning presumably reflects the tissue pressure experi- 
enced in different portions of the kidney. Uniform 
cortical thinning may reflect a relatively uniform 
increased pressure throughout the kidney. Irregular 
thinning may be related to variations in calyceal dilata- 
tion and pressure. The presence of associated reflux in 
some conditions also contributes to irregular cortical 
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Fig. 9-86 Sickle cell disease. Tl -weighted precontrast SGE (a) image demonstrates preservation of CMD in a patient with 
sickle cell disease because of the presence of dilute iron in the renal cortex that results in a Tl -shortening paramagnetic effect. 
T2-weighted fat-suppressed SE image (b) in a second patient demonstrates low signal intensity of renal cortex secondary to accu- 
mulation of free hemoglobin. High-signal-intensity celiac and porta hepatic nodes are also present. Tl-weighted immediate (c) and 
2-min id) postgadolinium SGE images in a third patient. On the immediate postgadolinium image (c), the renal cortex is high in 
signal intensity, which reflects that the Tl -shortening effect of gadolinium exceeds the T2-shortening effects of iron. At 2min after 
injection (d), the T2 shortening effect of iron in the cortex exceeds the Tl shortening effect of gadolinium, causing diminished 
signal intensity of the cortex. The relative washout of gadolinium from the cortex coupled with the transit of gadolinium into the 
medulla results in this signal reversal of cortex and medulla. Signal intensity changes in renal parenchyma on postgadolinium images 
in patients with sickle cell disease reflect the changing balance of T2-shortening effects of iron and Tl -shortening effects of 
gadolinium. 



thinning (fig. 9-90). The collecting system generally 
remains dilated when the kidney atrophies, which 
permits distinction from chronic ischemia, in which the 
collecting system is not dilated. 

Reflux Nephropathy and Chronic Pyelonephritis 

Reflux nephropathy represents renal parenchymal 
changes secondary to urine reflux into the renal collect- 
ing system. Changes of reflux nephropathy are more 
common in the upper or lower pole regions of the 
kidneys because of the presence of compound papillae 
or fused tips of the medullary pyramids. Owing to the 



fusion of multiple papillae, the papillary tip is flattened 
or concave. Normally, large terminal collecting ducts 
open into the calyces in the area of the papillary tip. In 
compound papillae, collecting duct orifices are wide, 
gaping, and permanently opened, and are unable to be 
compressed in the presence of vesicoureteral reflux. This 
situation can lead to backflow of urine via the gaping 
collecting duct openings into the renal tubular system. In 
simple (unfused) papillae, collecting ducts open in slitlike 
fashion onto sharply convex papillary tips. This condition 
favors closure of the ducts when pelvic pressure rises — a 
protective measure that prevents intrarenal reflux. 
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Fig. 9-87 Paroxysmal nocturnal hemoglobinuria. Coronal 
T2-weighted SS-ETSE (a) and Tl-weighted gradient-echo (£>) 
images in a patient with paroxysmal nocturnal hemoglobinuria. 
Renal cortices are low in signal intensity on both Tl- and T2- 
weighted images because of iron deposition. This appearance is 
caused by the T2*-shortening effects of iron. Tl-weighted in-phase 
(c) and out-of-phase id) SGE and coronal T2-weighted single-shot 
echo-train spin-echo (e) images demonstrate the deposition of iron 
in the renal cortex in another patient with paroxysmal nocturnal 
hemoglobinuria. Bilateral renal cortices show decreased signal on 
Tl-weighted in-phase image (c) and relatively high signal on out- 
of-phase image id) compared to in-phase image. Note that bilateral 
renal cortices show decreased signal on T2-weighted image (c). 
These findings are consistent with iron deposition in the renal 
cortices. 



Renal scarring is a frequent sequela of reflux nephro- 
pathy and occurs superficial to dilated calyces (fig. 9-91). 
The renal cortex is thin and usually very irregular [96]. 
The hallmark of chronic pyelonephritis is a coarse, dis- 
crete corticomedullary scar overlying a dilated, blunted, 
or deformed calyx. Most scars are in the upper and 



lower poles, consistent with the presence of compound 
papillae and resulting reflux at these sites [105]. 

Renal Arterial Disease 

Disease of the renal arterial system may be thrombotic/ 
arterial wall or embolic in nature. Thrombosis/arterial 
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Fig. 9-88 Acute obstruction. Transverse Tl -weighted precontrast SE (a) and sagittal Tl -weighted gadolinium-enhanced SE (£>) 
images. The kidneys are enlarged in a globular fashion. Corticomedullary differentiation is preserved, reflecting the acuteness of 
the obstruction (a). Gadolinium excreted into the collecting system is dilute and high in signal intensity (£>). Signal-void foci located 
in the nondependent portions of the renal collecting system demonstrate blooming artifact (arrows, a, b) that represents air intro- 
duced by Foley catheterization. 





Fig. 9.89 Chronic renal obstruction. Tl -weighted immediate postgadolinium SGE images in 5 patients with chronic renal 
obstruction (a-e). In all cases of unilateral obstruction (a-c), the degree of cortical enhancement is less than that of the contralateral 
normal kidney. Substantial pelvicalyceal dilatation is present in all cases. Corticomedullary differentiation is diminished, and the cortex 
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Fig. 9-89 (Continued) is thinned and relatively smooth. These factors reflect the duration and severity of obstruction. Excreted 
urine is dilute in the setting of chronic obstruction because kidneys lose concentrating ability. Excretion of dilute gadolinium is shown 
on a 4-min postgadolinium SGE image (/") obtained in the patient illustrated in e. 





Fig. 9-90 Complicated chronic renal obstruction. Tl-weighted immediate (a) and 45-s (b) postgadolinium SGE images. 
Dilatation of both renal collecting systems has resulted from multiple urological procedures, including creation of an ileal conduit 
for obstruction of the distal ureters. Minimal cortical enhancement is shown on the immediate postgadolinium image (a). Image 
acquisition has been timed in the capillary phase of enhancement, as evidenced by high signal intensity of the body of the pancreas 
(arrow, a) and contrast in portal veins (arrowheads, a). Cortical enhancement has developed in a delayed fashion and is apparent 
at 45 s. The combination of obstruction associated with reflux has resulted in variation in calyceal dilatation and tissue pressure 
experienced by the different regions of the kidneys. The result is severe irregularity of the renal cortex (arrows, b). (Reproduced 
with permission from Kettritz U, Semelka RC, Brown ED, Sharp TJ, Lawing WL, Colindres RE: MR findings in diffuse renal paren- 
chymal disease. J Magn Reson Imaging 1: 136-144, 1996.) 



wall disease may be further subdivided into large- 
vessel, medium-vessel, and small-vessel disease. 

Ischemic nephropathy results from atherosclerotic 
disease of the main renal artery. Concomitant changes 
of atherosclerotic disease of the abdominal aorta are 
virtually always present. MR studies can be tailored to 
demonstrate both the anatomic change of renal artery 
disease and the functional consequences of renal artery 
perfusion and contrast excretion. Anatomic changes of 
renal artery disease are shown on MR angiographic 



sequences. The most reproducible technique for dem- 
onstrating changes of main artery disease is gadolinium- 
enhanced 3D gradient-echo MRA [2, 3L It is critical that, 
in addition to the 3D reconstructed images, the source 
images be examined to determine normal arteries 
(fig. 9.92), the number of arteries, and the presence of 
stenosis (fig. 9-93). Reconstruction of images in both 
the coronal and transverse planes is useful. Our practice 
is to perform maximum intensity projection (MIP) 
reconstruction in the coronal phase and multiplanar 
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Fig. 9-91 Reflux nephropathy. Coronal 2.5-min postgado- 
linium gradient-echo image (a). Reflux nephropathy of the right 
kidney is shown by irregular thinning of the renal cortex overlying 
renal calyces. Damage in this patient is most severe in the upper 
and midrenal regions (arrows, a). T2-weighted fat-suppressed 
single-shot echo-train spin-echo (b, c) and Tl -weighted postgado- 
linium hepatic arterial dominant-phase fat-suppressed 3D-GE 
(d, e) images demonstrate changes in the renal parenchyma 
and calyces developing secondary to reflux nephropathy in the 
right kidney in another patient. The calyces (arrows, b-e) are 
dilated, and adjacent renal cortices show scarring and contour 
irregularities (arrows, b-e} due to reflux nephropathy. 
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Fig. 9-92 MR angiogram with coronal 3D GE. Coronal MIP recon- 
structed image (a) and individual 2-mm-thin 3D gradient-echo source 
images of right (b) and left (c) renal artery origin. The MIP reconstructed 
image displays a normal aorta and renal arteries (arrows, a). Areas of 
stenosis, however, can be masked in reconstructed images. The indi- 
vidual source images of the right (arrow, b) and left (arrow, c) renal artery 
are normal. 



reformatting (MPR) in the transverse plane. One study 
[106] described gadolinium-enhanced MR angiography 
as an accurate method for the diagnosis of renal artery 
stenosis, with sensitivities and specificities ranging from 
97% to 98% and 90% to 100%, respectively. Sensitivity 
and specificity were calculated for detection of only 
grade 2 stenosis and for detection of stenotic or occlu- 
sive disease (e.g., stenosis >50%, including occlusions). 
Another study [107] assessed the ability of dynamic 
gadolinium administration to demonstrate renal artery 
stenosis and renal stent patency, using conventional 
angiography as the gold standard. Severity of renal 



artery stenosis was classified correctly with an accuracy 
of 98%, yielding 98% specificity and 100% sensitivity. 
The renal stents were visualized with 100% accurate 
patency documentation. The renal arteries are more 
clearly demonstrated if fat suppression is added to the 
MRA sequence to remove the competing high signal 
intensity of fat and render small enhanced vessels more 
conspicuous. Imaging with 3D sequence acquisition 
achieves section thickness of 1-2 mm, which markedly 
improves detection of stenosis. 

Kidneys with chronic ischemic nephropathy typi- 
cally are small and smooth and show minimal early 
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Fig. 9-93 Renal artery stenosis. Angiogram (a) and tailored 
3D MIP projections, using an interactively selected volume of 
interest of a gadolinium-enhanced 3D FISP sequence (b, c). Mild 
stenosis of the right and severe stenosis of the left renal artery are 
shown on the angiogram. MIP tailored for the right renal artery 
demonstrates minimal stenosis (arrow, b). MIP tailored for the left 
renal artery demonstrates severe stenosis (arrow, c). Coronal 3D 
MIP gadolinium-enhanced 3D gradient echo id) in a second 
patient demonstrates 2 right renal arteries with moderate stenosis 
of the lower artery (short arrow, d) and moderately severe steno- 
sis of a solitary left renal artery (long arrow, d). Breath-hold gad- 
olinium-enhanced MR angiography is efficient at depicting the 
main as well as accessory renal arteries, which is important for 
preoperative planning (e.g., surgical repair of atherosclerotic 
aneurysms of the abdominal aorta). MIP reconstructed MRA 
projection (e) and coronal 3D thin-section source (/) images. 
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Fig. 9-93 (Continued) On the MIP reconstructed image, a 
short segment of right renal artery is not visualized. On the basis 
of this image, it is not clear whether this represents stenosis or 
occlusion. The source image demonstrates that there is a short 
segment of high-grade stenosis (arrow,/). Coronal 3D MIP recon- 
struction of gadolinium-enhanced source image (g) and transverse 
3D GE thin-section source image (h) in a third patient show mild 
stenosis at the right renal artery origin (arrows, g, h). 



enhancement on immediate postgadolinium images 
with delayed development and persistence of CMD (fig. 
9-94) [96, 107]. The renal cortex is uniformly thin and 
frequently smooth, which reflects the global and chronic 
nature of the ischemic injury (fig. 9-95). 

Aortic dissection also may result in changes of dimin- 
ished renal arterial blood flow to the kidney fed by the 
false lumen [108]. This may occur either by occlusion/ 
thrombosis of the renal artery by the intimal flap or false 
channel or by decreased arterial flow through the renal 
artery fed by the false lumen. Capillary-phase gadolinium- 
enhanced imaging is effective at demonstrating differ- 
ences in enhancement between the kidneys, where one 
is fed by the true lumen and the other (usually the left) 
is fed by the false lumen (fig. 9-96) [109]. 

Renal artery pseudoaneurysms are not rare. They 
may undergo rupture or may come to clinical attention 
because of pressure effects on other structures. MRA is 



an effective technique to evaluate size, location, and 
appearance of pseudoaneurysm (fig. 9-97). 

Renal artery injury sustained by trauma or surgery 
may result in changes of ischemic nephropathy 
(fig. 9-98). This may result in an acute or chronic isch- 
emic process depending on the time of occurrence. The 
degree of renal artery compromise affects the extent of 
renal parenchymal changes. Associated perirenal hem- 
orrhage is usually present. 

Fibromuscular dysplasia is a disease that affects the 
main renal arteries. The disease is characterized by 
fibrous or fibromuscular thickening affecting any layer 
of the blood vessel wall. Stenosis of fibromuscular dys- 
plasia often can be differentiated from atherosclerotic 
stenosis based on the segmental nature of the former, 
with alternating portions of luminal expansions and 
narro wings (fig. 9-99). Gadolinium-enhanced 3D MRA 
may be the most accurate MRI method for demonstrating 
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Fig. 9.94 Ischemic nephropathy. Tl-weighted immediate (a) and 2-min (b) postgadolinium SGE images in 2 patients. In these 
patients atherosclerotic disease of the aorta is present, and the involved left kidney is small and smooth and has uniform cortical 
thinning. The diseased kidney enhances in a diminished fashion compared to the normal right kidney on immediate postgadolinium 
image (a). Corticomedullary differentiation develops later and persists in a more prolonged fashion on late-phase image (£>).The 
renal collecting systems are normal in caliber, which is an important observation to exclude obstructive nephropathy. 




Fig. 9-95 Ischemic nephropathy. Tl-weighted precontrast 
(a) and immediate (b) and 90-s fat-suppressed (c) postgadolinium 
SGE images. The left kidney is uniformly small, with uniform thin- 
ning of the renal cortex observed on postcontrast images (b, c). 
Cortical enhancement of the ischemic kidney is diminished on 
the immediate postgadolinium image (b) but shows prolonged 
and increasing intensity at 90s (c), when corticomedullary differ- 
entiation in the contralateral kidney has faded. Note a small, low- 
signal focus along the left aspect of the aortic wall, which 
represents atheromatosis plaque at the origin of the left renal 
artery (arrow, b). 
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Fig. 9-96 Aortic dissection with differential renal perfusion. 

Coronal MIP reconstructed projection of coronal immediate postgado- 
linium 2D SGE image (a) and coronal 2D immediate postgadolinium 
source SGE image (b). Aortic dissection (small arrows, a) is shown on 
the MIP reconstructed gadolinium-enhanced SGE image (a). On an 
individual coronal source SGE image (£>), lesser enhancement of the 
left renal cortex is present, reflecting diminished perfusion of the 
kidney due to its blood supply arising from the false lumen, which has 
slower flow. 





Fig. 9-97 Thrombosed left renal artery pseudoaneurysm. Coronal 3D source (a) and transverse 3-min fat-suppressed 
gadolinium-enhanced SGE (b) images. A pseudoaneurysm is identified projecting posteroinferiorly from the left renal artery (arrows, 
a, &).The pseudoaneurysm does not fill with contrast on early or late postcontrast images, consistent with thrombosis. 
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Fig. 9-98 Renal artery injury secondary to abdominal aortic aneurysm surgical repair. Tl -weighted precontrast (a), 
precontrast fat-suppressed (£>), and immediate (c) and 90-s fat-suppressed id) postgadolinium SGE images. Abdominal aortic surgery 
was performed 1 year earlier, in which the left renal artery was injured. The left kidney is atrophic and high in signal intensity on 
Tl-weighted images (small arrows, a, b), reflecting intraparenchymal hemorrhage. Associated subcapsular fluid collection and high- 
signal-intensity perirenal fluid (large arrow, a) are present. The kidney remains unchanged in signal intensity on postcontrast images 
(small arrows, c, d). 



this entity. Controlled comparisons with conventional 
angiography, however, are lacking. Care should be 
exercised not to misinterpret stepladder image recon- 
struction artifact for nbromuscular dysplasia. At the 
present time, MRA may not be a consistent enough 
technique to demonstrate subtle changes of nbromus- 
cular dysplasia to supplant angiographic approaches. 

Medium-vessel disease is often observed in combi- 
nation with large- or small-vessel disease. Atherosclerotic 
disease, for example, results in disease of all three types 
of vessels (fig. 9.100). Various immunologic vasculitides 
such as Takayasu arteritis, Wegener granulomatosis, or 
polyarteritis nodosa involve medium and small vessels 
(fig. 9.101). 

Small- vessel disease is a very common cause of 
renal vascular disease. Nephroscleroses caused by 
hypertension and/or diabetic angiopathy are the most 
frequently observed disease entities, but a variety of 



vasculitides also results in this pattern of renal vascular 
disease. Antiphospholipase deficiency has more cur- 
rently received recognition as a cause of severe small- 
vessel disease. Changes of small-vessel disease are best 
shown on immediate postgadolinium gradient-echo 
images as irregular areas of focal cortical thinning or 
focal perfusion defects [96]. As diabetes and hyperten- 
sion tend to be chronic and progressive in nature, corti- 
cal irregularity is due to irreversible scarring. On serial 
postgadolinium MR images, areas of cortical thinning 
appear as fixed irregularities that are unchanged from 
capillary-phase to interstitial-phase images (fig. 9.102). 
Vasculitis may be secondary to a number of etiologies, 
the most common of which are drug effects or collagen 
vascular diseases. Onset of vascular changes is typically 
more acute than with diabetes or hypertension. Early in 
the course of vasculitis, MR images may demonstrate 
multiple transient perfusional defects that are observed 
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Fig. 9-99 Fibromuscular dysplasia with bilateral renal 
infarcts. Coronal MIP reconstructed image (a), thin-section 3D 
gradient-echo source image of right renal artery origin (b), and 
90-s postgadolinium fat-suppressed Tl-weighted gradient-echo 
image (c) in a patient with a history of fibromuscular dysplasia. 
The renal arteries demonstrate irregularities, with a beaded 
appearance and multiple areas of stricturing, particularly on the 
right side (arrow, a). Bilateral wedge-shaped areas of decreased 
enhancement are seen on the late-phase images, consistent with 
infarcts (arrows, c) (Courtesy of Giinther Schneider, M.D., Ph.D., 
Department of Radiology, University Hospital of Saarland, 
Hamburg, Germany). 



on immediate postgadolinium gradient-echo images 
and that resolve on more delayed images (fig. 9.103), 
which reflect ischemic changes. Acute cortical necrosis 
may result from rapid-onset diffuse small-vessel disease 
(fig. 9.104). 

Aortic atheroemboli are the most frequent cause of 
renal emboli [11]. The next most common cause of renal 
emboli is embolism of cardiac mural thrombi in patients 
with atrial arrhythmias or prior myocardial infarction. 
Embolic disease affects the kidneys with some fre- 
quency because the kidneys receive approximately 20% 
of the cardiac output. Renal infarction from embolic 
events tends to occur between calyces and demon- 
strates well-defined wedge-shaped defects in the renal 
outline. A thin enhancing peripheral rim is present 



because of enhancement of small vessels in the renal 
capsule (fig. 9.105) [108]. 

Renal Vein Thrombosis 

Renal vein thrombosis may occur as bland or tumor 
thrombus (see Renal Carcinoma section). Bland thrombus 
may occur as an acute or chronic process. Acute renal 
vein thrombosis may be observed in the setting of various 
hypercoagulable states. In the acute setting, the kidney 
enlarges because of tissue swelling secondary to the 
obstruction of egress of blood flow. A progressive and 
persistent nephrogram is also observed (fig. 9-106). In the 
setting of chronic thrombosis, the kidney is often normal 
in size. Association with membranous glomerulonepritis 
(see Glomerular Disease section) may be observed. 
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Fig. 9.100 Mixed large-, medium-, and small- vessel disease. Tl-weighted immediate postgadolinium SGE image (a) dem- 
onstrates unilateral renovascular disease The right kidney is noted to be globally small in size with a thin renal cortex. Cortical 
thinning is greater in the posterior aspect of the kidney (arrow, a), associated with greater decrease in enhancement. Tl-weighted 
immediate (b) and late-phase fat-suppressed (c) gadolinium-enhanced SE images in a second patient demonstrate bilateral renovas- 
cular disease. Global severe diminished enhancement of the left kidney and asymmetric renovascular disease of the right kidney 
are apparent. The posterior portion of the right kidney has severe disease as shown by severe cortical thinning and diminished 
enhancement (b). The main right renal artery is normal in caliber for most of its length (small arrows, b), consistent with predomi- 
nantly medium- and small-vessel disease. The main left renal artery is small in caliber (long arrows, b) and, combined with global 
diminished enhancement of the left kidney (large arrow, b), reflects the severity of the main renal artery disease. Hypertrophy of 
the anterior cortex of the right kidney has developed (open arrow, b) in compensation for the renovascular disease of the posterior 
aspect of the kidney. Uniform cortical thickness with presence of corticomedullary differentiation of the anterior portion of the 
right kidney on the immediate postgadolinium image shows that the enlargement is due to hypertrophy and not tumor. Later 
interstitial-phase gadolinium-enhanced Tl-weighted fat-suppressed image (c) in this patient demonstrates relatively uniform enhance- 
ment of this region of renal hypertrophy (large arrow), which mimics the appearance of a tumor. Atherosclerotic disease of the 
aorta is apparent in both patients. 



Renal Vein Aneurysm 

Renal vein aneurysm is a rare entity. This entity is well 
shown with gadolinium enhanced 3D-GRE or MRA 
techniques in which the patent portion of the aneurysm 
enhances in the same temporal fashion as the renal 
vein. 

Renal Scarring 

Renal scarring results from irreversible damage to renal 
parenchyma with regional loss of cortex. Scarring arises 



from a great variety of renal insults, which include vas- 
cular and collecting system disease. Scarring defects are 
well shown on postgadolinium images, with immediate 
postgadolinium gradient-echo images clearly defining 
the extent of cortical loss (figs. 9.107 and 9.108). 

End-Stage Kidney 

End-stage kidney appears as an atrophic diminutive 
kidney reflecting severe hypovascularity secondary to 
the loss of renal arterial supply. A variety of diffuse renal 



DISEASE OF THE RENAL PARENCHYMA 



1139 





Fig. 9-101 Ischemic nephropathy secondary to Takayasu 
arteritis. Coronal MIP reconstructed image (a) and interstitial- 
phase postgadolinium Tl -weighted fat-suppressed image (b) in a 
patient with Takayasu arteritis. The right kidney is decreased in 
size and shows irregular contour. The right renal artery is signifi- 
cantly reduced in caliber (arrow, a). 




Fig. 9.102 Small-vessel disease. Tl-weighted precontrast (a) and immediate postgadolinium (b) fat-suppressed SGE images. 
Loss of corticomedullary differentiation in the left kidney is apparent on the precontrast image (a), consistent with diminished renal 
function. On the immediate postgadolinium image (£>), multiple small cortical defects due to small-vessel disease are present. Tl- 
weighted immediate postgadolinium SGE images (c, d) in a second patient demonstrate bilateral small, irregular renal cortical defects. 
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Fig. 9-102 (Continued) These changes represent small-vessel disease in this diabetic patient. Coronal T2-weighted SS-ETSE (e), 
Tl-weighted precontrast fat-suppressed (/"), and immediate (g) and 90-s fat-suppressed (h) postgadolinium SGE images in a third 
patient with small-vessel disease. This patient is in renal failure, as evidenced by loss of corticomedullary differentiation on precon- 
trast images. Focal patchy areas of diminished enhancement are appreciated on immediate postgadolinium image (g), many of which 
show enhancement by 90s (If). This pattern of enhancement reflects ischemic changes. Transverse reformatted thin-section 3D-GE 
MRA images (/,/), coronal 3D MIP 3D-GE MRA image (k) and coronal Tl-weighted postgadolinium interstitial-phase fat-suppressed 
3D-GE image at 30 T (/) demonstrate small-vessel disease in another patient. Bilateral renal cortices show lesser enhancement than 
normal, and there are multiple small cortical defects (thin arrows, i-U) in bilateral renal cortices. Note that the ostia of bilateral 
renal arteries (thick arrows, /, f) are normal. Small cortical defects are not seen on the interstitial-phase image (/). 





Fig. 9.102 (Continued) 
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Fig. 9.103 Small- vessel disease due to thrombotic microangiopathy. Tl-weighted precontrast fat-suppressed SE (a), T2- 
weighted fat-suppressed SE (b), and immediate (c) and 90-s id) postgadolinium SGE images. No corticomedullary differentiation is 
apparent on the precontrast image (a). On the T2-weighted image (b), numerous 5-mm cortical defects are present. Multiple corti- 
cal defects are clearly shown on the immediate postgadolinium image (c). In addition, the main renal arteries are noted to be normal 
(arrows, c). On the more delayed image (d), some defects have resolved. However, many defects persist, consistent with necrosis. 
Histology revealed thrombotic microangiopathy with acute tubular necrosis and cortical necrosis. 
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Fig. 9-104 Acute cortical necrosis secondary to small-vessel disease from mixed connective tissue disease. Tl- 

weighted immediate (a) and 45-s (b) postgadolinium SGE images demonstrate low-signal-intensity renal cortex due to lack of contrast 
enhancement. This appearance reflects acute cortical necrosis. Normal-appearing main renal arteries are present (arrows, a). 
(Reproduced with permission from Kettritz U, Semelka RC, Brown ED, Sharp TJ, Lawing WL, Colindres RE: MR findings in diffuse 
renal parenchymal disease. J Magn Reson Imaging 1: 136-144, 1996.) Tl -weighted precontrast (c) and immediate postgadolinium 
id) SGE images in a second patient with acute cortical necrosis. Extensive irregular linear regions that exhibit lack of enhancement 
are appreciated on the postcontrast image id). 



parenchymal diseases will result in end-stage kidneys, 
with hypertensive nephropathy the most common 
cause. Kidneys may be markedly atrophied on MR 
images and demonstrate the enhancement pattern of 
scar tissue and negligible capillary-phase enhancement 
with progressive and minimal enhancement on later 
postcontrast images (fig. 9.109). 



INFECTION 

Acute Infection 

Acute pyelonephritis is defined as acute suppurative 
inflammation of the kidney caused by bacterial infection 
and usually results in enlargement of the infected kidney 



[1091. The infection is most commonly caused by gram- 
negative bacilli as an ascending infection from the lower 
urinary tract. Perinephric fluid may be observed, which 
is best shown on postgadolinium images (fig. 9.110). 
Proteinaceous material in the renal tubules may occa- 
sionally be visualized as high-signal-intensity substance 
in the renal medulla on noncontrast Tl -weighted fat- 
suppressed images (see fig. 9.110). MR findings of acute 
pyelonephritis include a striated nephrogram that radi- 
ates from the renal medulla to the cortex, globular renal 
enlargement, and perinephric fluid (fig. 9.111). 

Abscess 

Renal abscess usually occurs as a complication of an 
ascending urinary tract infection, but hematogenous 
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Fig. 9-105 Renal cortical infarcts. Tl -weighted precontrast SGE (a) and 45-s (£>) and 90-s fat-suppressed (c, d) postgadolinium 
SGE images. There are multiple peripheral wedge-shaped areas of decreased enhancement within the kidneys. A focus of central 
enhancement is noted within a wedge-shaped defect (b, c) in the right kidney. The wedge-shaped defects are consistent with areas 
of infarct, with central sparing in one of the infarcts. Tl -weighted interstitial-phase fat-suppressed gadolinium-enhanced SE image 
(e) in a second patient demonstrates a nearly signal-void wedge-shaped defect in the inferior pole of the left kidney. Linear enhance- 
ment peripheral to the wedge-shaped defect (arrows, e) is due to enhancement of capsule-based vessels. This is a classic feature 
of renal emboli. (Reproduced with permission from Semelka RC, Shoenut JP, Greenberg HM. The kidney. In: Semelka RC, Shoenut 
JP (eds.), MRI of the Abdomen with CT Correlation. New York: Raven Press, 1993. p. 91-118.) Tl-weighted 90-s fat-suppressed 
postgadolinium Tl-weighted SE image (/) in a third patient. There is a wedge-shaped defect in the midaspect of the right kidney 
consistent with a renal infarction. Note thin capsular enhancement along the outer margin of the defect. 
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Fig. 9-106 Acute renal vein thrombosis. Coronal (a) and transverse (£>) T2-weighted SS-ETSE and transverse Tl-weighted 
immediate (c) and 90-s fat-suppressed id) postgadolinium SGE images. This pregnant patient presented with severe left flank pain. 
The left kidney is enlarged, and fluid surrounds the collecting system, consistent with edema. Intraluminal clot is appreciated within 
the left renal vein extending into the IVC (arrows, d). 



infections also occur [110]. Hematogenous infection 
may be seen in tuberculosis secondary to disseminated 
infection, or in the setting of intravenous drug use. On 
MR images, renal abscesses appear as irregular mass 
lesions with a signal-void center (figs. 9.112 and 9.113) 
[111]. Perinephric stranding is frequently prominent 
[111]. Perinephric linear densities are more prominent 
in renal abscesses than in necrotic renal cancers because 
these reflect inflammatory tissue. It may not, however, 



always be possible to distinguish abscesses from cancer 
based on imaging findings, and follow-up studies may 
be needed to ensure resolution after treatment [112]. 
Patients with multifocal or diffuse renal abscesses fre- 
quently have elevated serum creatinine. Ultrasound and 
noncontrast CT imaging perform poorly at detecting 
renal abscesses; therefore, MRI may be preferred 
[111]. However, stable gadolinium chelates should be 
used with caution because of nephrogenic systemic 




Fig. 9-107 Renal scarring. Tl-weighted precontrast (a), precontrast fat-suppressed (£>), and immediate (c) and 90-s fat sup- 
pressed id) postgadolinium SGE images. The right kidney is small and irregular in contour, consistent with chronic vascular injury, 
and the left kidney demonstrates compensatory hypertrophy. Tl-weighted immediate (e) and 90-s fat-suppressed (/) postgadolinium 
SGE images in a second patient demonstrate a cortical defect in the right kidney consistent with a scar. A cyst is noted deep to the 
infarct. Tl-weighted immediate (g) and 90-s fat suppressed (h) postgadolinium SGE images in a third patient reveal bilateral renal 
cortical scars more extensive in the left kidney. 
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Fig. 9-108 Segmental nephrectomy. Tl-weighted out-of-phase (a), fat-suppressed (£>), and immediate (c) and 90-s fat- 
suppressed id) postgadolinium SGE images. There is a surgical defect in the midpole of the right kidney that has been filled by 
perirenal fat. 





Fig. 9-109 End-stage kidneys secondary to sustained hypertension. Coronal T2-weighted SS-ETSE (a), transverse Tl- 
weighted precontrast (£>), and immediate (c) and 2-min fat-suppressed id) postgadolinium SGE images. Bilateral diminutive atrophic 
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Fig. 9-109 (Continued) kidneys are apparent on precontrast images (a, b). Negligible enhancement is appreciated on the 
immediate postgadolinium image (c). On more delayed image (d), renal parenchymal enhancement has increased. This enhance- 
ment pattern is observed in fibrotic tissue. 





Fig. 9.110 Acute pyelonephritis. Tl-weighted precontrast 
(a) and 2-min postgadolinium (£>) SGE images. The right kidney is 
swollen, and perinephric fluid (arrows, b) is present. No focal 
parenchymal abnormalities are identified. Tl-weighted precon- 
trast fat-suppressed SE image (c) in a second patient demonstrates 
striated, cone-shaped regions of high signal intensity in the medulla 
of the left kidney, consistent with proteinaceous material in acute 
pyelonephritis. Hydronephrosis of the right kidney is identified. 
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Fig. 9.111 Severe acute bilateral pyelonephritis. Coronal 
T2-weighted SS-ETSE (a) and transverse Tl -weighted precontrast 
(b) and immediate postgadolinium (c, d) SGE images. The kidneys 
are enlarged and demonstrate heterogeneous signal intensity on 
T2- and Tl -weighted images and heterogeneous enhancement 
after administration of gadolinium. Note that the heterogeneous 
enhancement has a striated nephrogram appearance, which is a 
feature that may be observed in acute pyelonephritis. Coronal 
Tl -weighted SGE and T2-weighted single-shot echo-train spin- 
echo images (e, /) demonstrate enlarged right kidney, free fluid 
adjacent to the inferior pole (arrows, e, /), and stranding in the 
adjacent fat tissue (arrows, e,f) in another pregnant patient with 
acute pyelonephritis. Based on precontrast images, acute pyelo- 
nephritis can be diagnosed in pregnant patients, and gadolinium 
chelates should not be used in pregnant patients if their use is not 
deemed essential. 
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Fig. 9-112 Solitary renal abscess. Tl-weighted precontrast 
SGE (a) and late-phase fat-suppressed gadolinium-enhanced SE (b) 
images in a patient with a solitary abscess in the posterior aspect 
of the right kidney. Perirenal stranding is noted on the precontrast 
image, but the abscess is not well seen. On the gadolinium- 
enhanced fat-suppressed image, a signal-void intraparenchymal 
renal abscess is noted. The inner aspect of the abscess wall is 
irregular. Prominent perirenal stranding (arrow, b) is an important 
imaging feature of renal abscess. Tl-weighted 3-min fat-suppressed 
postgadolinium SGE image (c) in a second patient, who is diabetic. 
A left renal abscess is present that appears as a low-signal-intensity 
cystic lesion with an irregular wall. Prominent thickening and 
increased enhancement of adjacent fascia (small arrows, c) are 




Fig. 9-112 (Continued) present. Coronal T2-weighted single- 
shot echo-train spin-echo (d) and transverse (e) and sagittal if) 
Tl-weighted interstitial-phase postgadolinium images demonstrate 
a solitary abscess cavity (arrow, e,f) in the right kidney in another 
patient with normal pregnancy. The right kidney is enlarged. 
Coronal T2-weighted image shows the fetal structures very well 
id). 






Fig. 9-113 Multiple renal abscesses. Tl-weighted 90-s postgadolinium SGE image (a) demonstrates multiple signal-void 
abscesses in the right kidney. Tl-weighted fat-suppressed gadolinium-enhanced SE images (b, c) in a second patient with HIV infec- 
tion and elevated serum creatinine. Bilateral renal abscesses with substantial renal enlargement are noted on Tl-weighted image 
(b). Ultrasound and noncontrast CT imaging demonstrated renal enlargement with no definition of abscesses. A repeat MRI study 



INFECTION 



1151 






Fig. 9-113 (Continued) was performed after a 15-day course 
of antibiotics (c) and showed regression of renal size with decrease 
in size and number of abscesses. Tl -weighted immediate postg- 
adolinium SGE (d) and late-phase fat-suppressed postgadolinium 
SE (e) images in a third patient demonstrate a renal abscess with 
a prominent extrarenal component (arrow, d). Multiple parapel- 
vic cysts are present in both kidneys. T2-weighted SS-ETSE (/"), 
Tl -weighted gradient-echo (g), and immediate (h) and 90-s (1) 
postgadolinium Tl-weighted fat-suppressed gradient-echo images 
in a fourth patient. There is a complex collection situated postero- 
medial to the left kidney that demonstrates high signal intensity 
on T2-weighted images (/"), low signal intensity on Tl-weighted 
images (g), and heterogeneous moderate enhancement on early 
(h) and late-phase (1) images. Multiple septations within the col- 
lection are best seen on late-phase images (arrows, /)• Note that 
multiple small abscesses are appreciated within the kidney. 
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fibrosis considerations in this group of patients if their 
administration is necessary (see Chapter 20, Contrast 
Agents). 

Xanthogranulomatous Pyelonephritis 

Xanthogranulomatous pyelonephritis (XGPN) is an 
unusual form of chronic pyelonephritis that represents 
the inflammatory sequela of recurrent suppurative renal 
infections that develops in the setting of chronic urinary 
obstruction. The disorder is characterized pathologically 
by collections of foamy macrophages, "xanthoma cells," 
acute and chronic inflammatory cells, and multinucle- 
ated giant cells. Sixty percent of cases are associated 
with Proteus infection, which usually involves the 



kidney globally, although focal XGPN has been 
described [113]. 

On MR images, the kidney usually is enlarged. After 
gadolinium administration, minimal enhancement is 
present on capillary-phase images with progressively 
intense enhancement on interstitial-phase images 
(fig. 9-114). This enhancement pattern reflects poor 
renal perfusion (minimal early enhancement) with sub- 
stantial capillary leakage due to inflammatory change 
(increased delayed enhancement). Perinephric inflam- 
matory changes are prominent, with extension to the 
psoas muscle commonly present. The renal collecting 
system almost invariably is dilated, and signal-void 
calculi may be identified. No evidence of gadolinium 
excretion in the collecting system is appreciated. 





Fig. 9.114 Xanthogranulomatous pyelonephritis. T2-weighted SS-ETSE (a) and Tl -weighted precontrast (b) and 90-s (c) 
and 4-min fat-suppressed id) postgadolinium SGE images. The left renal collecting system is noted to be dilated (a-d). A large 
extrarenal component of the infection is noted in the psoas muscle (arrows, a, d). Layering of low-signal-intensity material (small 
arrow, a) is noted in calyces on the T2-weighted image. No excretion of gadolinium by the involved kidney is apparent on the 
4-min postgadolinium image. Inflammatory changes in Gerota fascia and lateral conal fascia (small arrows, d) and psoas abscess are 
most clearly defined on the gadolinium-enhanced fat-suppressed image. Dilatation of the collecting system, lack of contrast excre- 
tion, and prominent extrarenal inflammatory changes are features observed in xanthogranulomatous pyelonephritis. 
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Malakoplakia 

Malakoplakia (malakos = soft and plakos = plaques) is a 
rare chronic granulomatous inflammatory process often 
affecting immunocompromised hosts. The disease is 
most frequently observed in the urinary tract of middle- 
aged woman as a complication of recurrent urinary tract 
infections (coliforms, 90%; Escherichia coli, 75%) [114]. 

The lower urinary tract is more commonly affected, 
with renal parenchymal involvement being unusual 
(16% of cases) [114]. The typical mucosal lesion of 
malakoplakia is a yellow-brown soft plaque with central 
umbilication. Parenchymal lesions are characterized by 
nodules of variable size that may be discrete, coalesce 
to become diffuse, or undergo suppuration with abscess 
formation. Renal parenchymal malakoplakia can be 



multifocal or unifocal. In multifocal malakoplakia, the 
kidneys are enlarged with solid multifocal infiltration, 
and in unifocal disease a nonspecific mass is present 
[115]. The clinical presentation and radiologic appear- 
ance are often suggestive of a neoplasm. The diagnosis 
is established on the basis of histopathology. The char- 
acteristic histologic feature of the lesion is the presence 
of Michaelis-Gutmann bodies [116]. 

Multifocal malakoplakia appears as multiple ill- 
defined nodules of lower signal intensity on T2- and 
Tl -weighted images, which show minimal enhance- 
ment on early and late postgadolinium gradient-echo 
images, with intervening linear stroma. The kidneys are 
mildly enlarged (fig. 9-115) [117]. There is currently 
insufficient experience with MRI to determine the speci- 
ficity of these findings. 





Fig. 9-115 Malakoplakia. Coronal (a) and transverse (b) T2-weighted SS-ETSE and transverse Tl -weighted precontrast (c) 
and 1-min postgadolinium (d) SGE images. The kidneys are enlarged, with an extensive multinodular appearance. High-signal septa- 
tions are appreciated on the T2-weighted sequences (a, b), which enhance after gadolinium administration (d). T2-weighted 
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Fig. 9-115 (Continued) fat-suppressed ETSE (e), Tl -weighted precontrast SGE (/"), and transverse (g) and sagittal (ib) Tl- 
weighted postgadolinium fat-suppressed SGE images in a second patient. This patient, who had undergone liver transplantation, 
has a similar appearance of extensive multinodular infiltrate in the kidneys with intervening linear stroma that is high signal on T2 
(e) and enhances after contrast administration (g, h). (Courtesy of Eric Outwater, M.D., University of Arizona.) 
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Fig. 9-116 Renal candidiasis. Tl -weighted immediate (a) and 90-s (b) postgadolinium SGE images in 2 patients with renal 
candidiasis. Multiple low-signal-intensity lesions, <5mm in size, are present in the kidneys of both patients (small arrows, a, b). 
Extensive hepatic involvement is apparent in the first patient (a), whereas fewer liver lesions are apparent in the second patient 
(arrow, b). 



Candidiasis 

Renal candidiasis occurs in the context of hepatosplenic 
candidiasis. These lesions are typically small (5 mm) and 
well defined. Lesions are best shown on gadolinium- 
enhanced Tl -weighted interstitial-phase fat-suppressed 
images (fig. 9.1 16) [118]. 

Fungus balls also may develop in the collecting 
system. Diabetes predisposes to this condition. 



Pyonephrosis 

Pyonephrosis is a complication of acute pyelonephritis 
and occurs in the setting of total or almost complete 
urinary tract obstruction, when the suppurative exudate 
is unable to drain, thus filling the renal pelvis and 
calyces. MRI features consistent with pyonephrosis 
include debris layering in the obstructed renal pelvis, 
most clearly defined on T2-weighted SS-ETSE as depend- 
ency layering low-signal-intensity fluid, and moderately 
intense enhancement of the wall of the renal pelvis on 
gadolinium-enhanced images (fig. 9.117). 



HEMORRHAGE 

Renal/perirenal hemorrhage occurs in the context of 
bleeding disorders, trauma, and neoplasms. Large peri- 
nephric hematomas may occur in patients who have 
undergone renal lithotripsy or renal biopsy. MRI is more 
sensitive than CT imaging to ascertain the presence of 
hemorrhage in fluid collections. Parenchymal or sub- 



capsular hemorrhage appears as high- or mixed high- 
signal-intensity fluid on both T2- and Tl -weighted 
images (fig. 9.118). Perirenal hemorrhage frequently has 
an unusual multilayered appearance, reflecting the 
extravasation of blood along the fibrous trabeculae that 
traverse perirenal fat. 



DISEASE OF THE RENAL 

COLLECTING SYSTEM: 

RENAL PELVIS AND URETER 

Mass Lesions 

Primary Tumors 

Primary neoplasms of the ureter or renal pelvis are 
uncommon and collectively are only one-tenth as 
common as primary neoplasm of the bladder. 

Urothelial Carcinoma (Transitional Cell 
Carcinoma). The majority of primary tumors of the 
urothelium are malignant. Urothelial cancer, formerly 
termed transitional cell carcinoma (TCC), is the most 
common malignancy of the urothelium, accounting for 
more than 90% of tumors. Squamous cell cancer 
accounts for 8% and adenocarcinoma for less than 1%. 
TCC represents 8% of all renal tumors, rarely occurring 
in patients younger than 30 years of age [119]. TCC of 
the upper tract is epidemiologically similar to that of 
the bladder. Males are more commonly affected, in a 
3-to-l ratio with females. Risk factors include analgesics, 
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Fig. 9-117 Pyonephrosis. T2-weighted SS-ETSE (a) image demonstrates severe dilatation of the collecting system of the left 
kidney. Layering of low-signal-intensity debris (arrow, a) in the dependent portion of the renal pelvis is a common appearance in 
infection. T2-weighted SS-ETSE (b) image in a second patient. There is hydronephrosis of the right kidney with layering of low-signal 
material consistent with infection within the dilated collecting system. Note also perinephric fluid stranding. T2-weighted single- 
shot echo-train spin-echo (c), Tl -weighted fat-suppressed SGE (d), Tl -weighted postgadolinium arterial-phase SGE (e), and Tl- 
weighted postgadolinium fat-suppressed interstitial-phase 3D-GE (/) images demonstrate dilated collecting system and pyonephrosis 
in another patient. Bilateral collecting systems are dilated because of distal obstruction, and low-signal-intensity debris (white arrows, 
c-/) is detected in the dependent portions of bilateral collecting systems, suggesting the presence of pyonephrosis. High-signal- 
intensity proteinaceous material (black arrows, d) due to obstructive renal parenchymal disease is detected in bilateral medullas. 
Note that the right kidney shows lesser enhancement compared to the left kidney on the arterial-phase image, reflecting the effect 
of obstructive renal parenchymal disease. 
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Fig. 9.118 Perirenal hematoma after biopsy. Tl-weighted precontrast fat-suppressed SE (a) and immediate postgadolinium 
SGE (b) images in 1 patient and the same sequences (c, d), respectively, in a second patient. On the precontrast images (a, c) high- 
signal-intensity fluid is present in the perirenal space of the left kidney, consistent with subacute blood. On the immediate post- 
gadolinium images (b, d), the fluid appears low in signal intensity because of rescaling of the tissue signal intensities after gadolinium 
administration. T2-weighted SS-ETSE (e) Tl-weighted precontrast (/), and postgadolinium (g) fat-suppressed SGE images in a third 
patient. There is heterogeneous-signal-intensity fluid in the left perinephric space on T2 (e)- and Tl (/)-weighted images, displacing 
the kidney anterior and laterally, consistent with a perirenal hematoma, after renal biopsy. Note also a thick-walled cyst within 
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Fig. 9-118 (Continued) the left kidney, which is of uniform 
thickness but has prominent mural enhancement (g). Perirenal 
hematoma. Transverse T2-weighted single-shot echo-train spin- 
echo (h), transverse Tl-weighted SGE (i), and transverse (j) and 
coronal (k) Tl-weighted fat-suppressed 3D-GE images at 30 T 
demonstrate perirenal subacute hematoma in another patient. 
Low-signal-intensity peripheral rim on T2-weighted image (h) and 
high-signal-intensity peripheral rim on Tl-weighted images (i-k) 
reflect the subacute nature of the blood products. 
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tobacco, caffeine, chronic infection, and urolithiasis. 
Staging of transitional-cell cancer is as follows: Stage 1, 
limited to urothelial mucosa and lamina propria; 
Stage 2, invasion of, but not beyond, pelvic/ureteral 
muscularis; Stage 3, invasion beyond muscularis into 
adventitial fat or renal parenchyma; and Stage 4, distant 
metastasis. 

Tumors usually appear as eccentric filling defects 
in the renal pelvis (fig. 9.119). On occasion, they may 
cause concentric wall thickening [119, 120]. Tumors 
usually spread superficially (fig. 9.120), but in rare 
instances may appear as large focal masses. TCC has a 
propensity to invade renal parenchyma, but invasion 
may be difficult to detect. Invasion of or along the 
IVC may occur and is well depicted on MR images 
(fig. 9.121) [120, 121]. Although these tumors are 
hypovascular, they may be moderately high in signal 
intensity on gadolinium-enhanced interstitial-phase Tl- 
weighted fat-suppressed images, presumably because 
of diminished clearance of contrast from the interstitial 
space [120]. Tumors tend to invade locally, with spread 
to adjacent lymph nodes. There is a great propensity 
for the tumor to be multifocal; 30-50% of cases are 
multifocal, and 15-25% are bilateral. The role of 
MR urography is not established at present. Liver metas- 
tases from TCC tend to be hypovascular (fig. 9.122). In 
rare instances, TCC may have poorly differentiated 
histology and act as a locally aggressive malignancy 
(fig. 9.123). 

Squamous Cell Carcinoma. A predisposing cause 
for squamous cell malignancy is usually present. Calculi 
are present in 50-60% of cases, and chronic infection, 
leukoplakia, and chronic drug overuse (e.g., phenace- 
tin) are also associated with this malignancy [119]. 
Squamous cell carcinoma cannot be distinguished from 
transitional cell cancer on the basis of imaging findings 
(fig. 9-124). Early tumors tend to spread superficially. 
As tumors enlarge, they may develop irregular margins, 
which is somewhat uncommon for transitional cell car- 
cinoma [119]. 



Secondary Tumors 

Lymphoma. Lymphoma is the most common sec- 
ondary tumor to invade the urothelium. Direct coronal 
imaging with MRI allows visualization of the extent of 
disease [96]. 



Metastases from Other Primary Tumors. 

Metastases to the ureter are rare. Breast, gastrointestinal 
tract, prostate, cervix, and kidney cancers are the 
malignancies that most frequently metastasize to the 
ureters [119]. Small enhancing nodules of tumor may 



be appreciated on gadolinium-enhanced fat-suppressed 
images. 



Filling Defects in the Collecting System 

Calculi are the most common filling defects in the renal 
collecting system. Calcium oxalate stones are the most 
common form of renal calculi in North America, account- 
ing for approximately 65% of cases (fig. 9.125) [122]. 
Regardless of calcium composition, renal calculi are 
signal void on MR images (fig. 9-126). To maximize 
conspicuity of signal-void calculi, they are best dis- 
played on sequences in which urine is high in signal 
intensity. T2-weighted single-shot echo-train spin-echo 
(SS-ETSE) sequences generate MR urographic images 
that can be reconstructed to resemble conventional 
intravenous urography [4, 123]. MR urography may be 
effective at demonstrating ureteric calculi because of the 
high contrast between high-signal-intensity urine in 
dilated ureter and obstructing low-signal-intensity cal- 
culus (fig. 9.127). Because T2 -weighted SS-ETSE images 
have less than 1-s temporal resolution, MRI may be a 
very time-efficient and cost-effective method of evaluat- 
ing obstructing calculi. After gadolinium administration, 
detection of calculi is feasible when gadolinium is suf- 
ficiently dilute to render urine high in signal intensity. 
This is best accomplished by ensuring that the patient 
is well hydrated and by delay of image acquisition 
10-30 min after injection [5]. Signal-void calculi may be 
detected as small as 1-2 mm in diameter in a back- 
ground of high-signal-intensity urine. Thin-section 
3D-GRE imaging acquired in the coronal plane may be 
MIP reconstructed to result in MR excretory urographic 
images. Obstruction by calculi causes alteration in 
renal parenchymal enhancement and in the transit of 
contrast material within the kidney, which is well shown 
on MR images (see Renal Function section below). 
Because renal calculi are radiopaque in the great major- 
ity of cases on noncontrast spiral CT, and are therefore 
well shown, even when minute and nonobstructing; 
CT is the procedure of choice for evaluating renal 
calculi. 

Other filling defects such as blood clots or fungus 
balls are also demonstrable as low-signal-intensity mass 
lesions in high-signal-intensity urine on T2-weighted 
sequences and as nonenhancing mass lesions situated 
in the high-signal-intensity contrast-filled collecting 
system on delayed postgadolinium gradient-echo 
images. Foci of air in the collecting system may be 
distinguished from solid lesions by the presence of 
susceptibility artifact surrounding the defect and by the 
observation that air foci locate in nondependent posi- 
tions and solid lesions tend to layer in dependent posi- 
tions (fig. 9.128). 
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Fig. 9.119 Transitional-cell carcinoma — Stage 2, focal mass type. Tl -weighted fat-suppressed gadolinium-enhanced SE 
images (a-c) in 3 patients with transitional cell cancer. Tumors are focal rounded masses (arrows, a-c) that show heterogeneous 
mottled enhancement less than neighboring renal cortex. Note that masses have well-defined margins that correspond to lack of 
infiltration into surrounding fat. Coronal T2-weighted single-shot echo-train spin-echo (d), transverse Tl-weighted fat-suppressed 
3D-GE (e), transverse Tl-weighted postgadolinium hepatic arterial dominant-phase (/), and coronal Tl-weighted postgadolinium 
interstitial-phase fat-suppressed 3D-GE (g) images demonstrate transitional cell carcinoma (arrows, d-g) in the right kidney in another 
patient. The tumor is located in the middle and lower collecting systems and has regular rounded contours. The tumor, which 
shows progressive enhancement on postgadolinium images, does not show renal parenchymal invasion. Note that the right adrenal 
gland is enlarged (g). Coronal T2-weighted single-shot echo-train spin-echo (/?), coronal Tl-weighted SGE (1), and transverse 





Fig. 9-119 (Continued) Tl-weighted postgadolinium hepatic venous-phase fat-suppressed 3D-GE (7) images demonstrate tran- 
sitional cell carcinoma (arrows, h-j) in the right kidney in another patient. The tumor is located in the upper collecting system and 
shows low signal on both T2-weighted (h) and Tl-weighted (/) precontrast images. The tumor shows mild enhancement on post- 
gadolinium image (/). The tumor does not invade the renal parenchyma. 





Fig. 9-120 Transitional-cell carcinoma — Stage 3, superficially spreading pattern. Tl-weighted precontrast SGE (a), 
immediate postgadolinium SGE (£>), and late-phase fat-suppressed postgadolinium SE (c) images. Severe dilatation of the right renal 
collecting system is present (a-c). Blood is identified as high-signal-intensity substance in dilated calyces on the precontrast image 
(a), and a small low-signal-intensity blood clot is also apparent (arrow). The renal pelvis is filled with a large signal-void blood clot. 
Diminished cortical enhancement is present on the immediate postgadolinium image (£>). Thickening of the proximal aspect of 




Fig. 9-120 (Continued) the renal pelvis urothelium is noted, with invasion of the renal cortex (arrow), which is best appreci- 
ated on the gadolinium-enhanced fat-suppressed image (c). Gadolinium-enhanced Tl -weighted fat-suppressed spin-echo image id) 
in a second patient shows increased thickness and intense enhancement of the proximal ureter. Ill-defined external margin of the 
tumor (arrow, d) on the lateral aspect of the ureter wall is consistent with tumor extension into the periureteral fat. Coronal T2- 
weighted single-shot echo-train spin-echo (e), coronal Tl -weighted postgadolinium hepatic venous-phase fat-suppressed 3D-GE (/, 
g), and coronal T2-weighted true-FISP image (h) demonstrate multifocal transitional-cell carcinoma in another patient. A large 
transitional-cell carcinoma (arrows, e-g) invading the renal parenchyma and showing heterogeneous enhancement is detected in 
the right kidney. A small focus of transitional-cell carcinoma (arrow, h) extending into the lumen is also detected in the superior 
wall of the bladder. 
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Fig. 9.121 Transitional-cell carcinoma — Stage 4. Tl- 

weighted precontrast SGE (a), precontrast fat-suppressed SE (£>), 
immediate postgadolinium SGE (c), and coronal gadolinium- 
enhanced Tl-weighted fat-suppressed SE images from posterior 
id) and anterior (e) locations. Low-signal-intensity tumor is seen 
involving kidney and extending posterior to the IVC on the pre- 
contrast images (a, b). On the immediate postgadolinium image 
(c), the tumor is noted to involve predominantly the medulla, with 
relative sparing of the renal cortex. The extent of tumor is best 
displayed on the coronal images, in which tumor is shown to 
extend along the psoas muscle and ureter inferiorly (small arrows, 
d, e) and along the vertebral bodies and IVC superiorly (arrows, 
d, e). 
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Fig. 9-122 Transitional-cell carcinoma — Stage 4. Tl-weighted precontrast SGE (a), immediate (b) and 90-s (c) gadolinium- 
enhanced SGE, and late-phase fat-suppressed postgadolinium SE (d) images. Bilateral infiltrative tumors are present arising from the 
collection system of both kidneys (a, b, d). The transitional-cell tumors are low in signal intensity on precontrast Tl-weighted 
images (a), enhance minimally on immediate postgadolinium images (&), and show heterogeneous enhancement less than renal 
parenchyma on later images (arrows, d). Liver metastases are also present (c). Liver metastases from transitional cell cancer are 
generally hypovascular and are low in signal intensity on precontrast Tl-weighted images (arrow, a), show faint rim enhancement 
on immediate postgadolinium images (&), and often remain well defined and hypointense on later postcontrast images (c). Liver 
metastases frequently are poorly seen on T2-weighted images (not shown) because of their hypovascularity. 



Dilation of the Collecting System 

Dilation of the renal collecting system may arise as a 
normal variant (fig. 9.129), a congenital anomaly, an 
obstruction, reflux related, or after obstruction. MR 
urography adequately reveals the severity and the 
level of obstruction of the collecting system (fig. 9.130). 
The combination of MR urography, tissue imaging 
sequences to evaluate renal cortex, and dynamic serial 
postcontrast imaging to assess renal function provides 
comprehensive information on the morphologic and 
functional status of kidneys with dilated collecting 
systems (fig. 9.131). As with intravenous urography 
and CT imaging, gadolinium-enhanced gradient-echo 



images can demonstrate delayed excretion of contrast 
(fig. 9.132). 



Calyceal Diverticulum 

Calyceal diverticula may be shown on MR images with 
a combination of MR urography and delayed gadolin- 
ium-enhanced images. The MR urogram demonstrates 
the fluid-filled structure, but the communication with 
the collecting system is confirmed by demonstration of 
high-signal-intensity fluid in the diverticulum on delayed 
images due to the presence of dilute gadolinium (fig. 
9.133). Calyceal diverticula frequently contain calculi, 
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Fig. 9-123 Transitional cell carcinoma, poorly differentiated. Tl-weighted precontrast SGE (a), precontrast fat-suppressed 
SE (b), and late-phase fat-suppressed gadolinium-enhanced SE (c, d) images. An irregular tumor arises from the midportion of the 
kidney and is associated with a large hemorrhagic fluid collection (large arrows, a). A small tumor nodule is present in the cystic 
hemorrhagic component (small arrow, a). On the gadolinium-enhanced image, renal parenchyma is well-defined as uniformly 
enhancing tissue (arrow, c).The tumor mass extends from the renal pelvis through the renal parenchyma into the cystic space. 
Anterior and posterior cortices (small arrows, d) are splayed by the irregular tumor mass (black arrow, d). 




Fig. 9-124 Squamous cell carcinoma. Tl-weighted fat- 
suppressed gadolinium-enhanced SE image demonstrates dilata- 
tion of the right renal pelvis with irregularly thickened and 
intensely enhancing urothelium, which represents squamous cell 
carcinoma (arrows). Surrounding peripelvic fat contains ill-defined 
enhancing tissue consistent with tumor extension. 



1166 



Chapter 9 KIDNEYS 




Fig. 9-125 Renal calculi. Abdominal radiographic id) and coronal T2-weighted SS-ETSE (b) images. Radiopaque renal calculi 
seen on the abdominal radiographic image appears as signal-void defects in high-signal fluid-filled renal collecting systems on the 
T2-weighted sequence. Contrast enhanced CT (c) and Tl -weighted 90-s fat-suppressed postgadolinium id) images in a second 
patient. The radiopaque calculus is clearly shown on CT (c) and is apparent as a signal-void focus on the MR image id). The calculus 
is difficult to appreciate on the MR image. 





Fig. 9-126 Renal calculi. Tl-weighted precontrast SGE (a), T2-weighted SE (£>), and Tl-weighted 10-min fat-suppressed postg- 
adolinium SE (c) images. The renal calculus in the right renal pelvis is signal void on all sequences (a-c). Conspicuity of the calculus 
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Fig. 9-126 (Continued) is greatest on the T2-weighted image 
and the dilute gadolinium (high signal intensity)-enhanced image. 
Urine is high in signal intensity on these sequences and contrasts 
well with the signal-void calculus. Tl -weighted immediate id) and 
10-min (e) postgadolinium images in a second patient demonstrate 
a small signal-void calculus, which is not apparent in gadolinium- 
free signal-void urine id) but is well shown on late postgadolinium 
image (arrow, e) because of the high signal intensity of dilute 
gadolinium-containing urine. Coronal (/) and transverse fat- 
suppressed (g) T2-weighted SS-ETSE images in a third patient. A 
signal-void calculus (arrow, /) is present in the lower pole infun- 
dibulum of the left kidney. Hydronephrosis is also present. 
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Fig. 9.127 Ureteric calculi. Sagittal T2-weighted SS-ETSE 
image (a). The proximal two-thirds of the ureter are dilated and 
urine filled, resulting in high signal intensity on the SS-ETSE image 
(small arrows, a). A low-signal-intensity calculus is demonstrated 
obstructing the ureter (long arrow, a), which forms a convex 
meniscus sign within the urine-filled ureter. Coronal T2-weighted 
SS-ETSE image (b) in a second patient demonstrates mild to moder- 
ate left-sided hydronephrosis with an obstructing stone (arrow, b) 
in the proximal left ureter. Coronal T2-weighted single-shot echo- 
train spin-echo images (c, d) demonstrate small ureteric calculi 
(arrows, c, d) and dilated ureters in another patient. Coronal (e) 
and transverse (/) T2-weighted single-shot echo-train spin-echo 
images demonstrate bilateral hydronephrosis (e, /), ureteric 
calculi (arrows, /), and a small left kidney stone (arrow, e) in 
another patient. Note that the ureters are dilated. 





Fig. 9-127 (Continued) 





Fig. 9.128 Air in the collecting system. T2-weighted fat- 
suppressed SE (a) and Tl -weighted gadolinium-enhanced SE (b) 
images. Multiple foci are present in the nondependent portions 
of the renal collecting system, demonstrating signal void on both 
T2-weighted (a) and gadolinium-enhanced Tl -weighted (b) 
images. These foci possess bright external rings on the T2- 
weighted images from air-fluid magnetic susceptibility artifact 
(arrows, a). Blood in the collecting system. Coronal Tl- 
weighted SGE (c) and transverse non-fat-suppressed (d) and fat- 
suppressed (e) 3D-GE images demonstrate that bilateral collecting 
systems are filled with high-signal-intensity material consistent 
with the presence of subacute blood. 





Fig. 9-129 Extrarenal pelvis. Tl-weighted fat-suppressed gadolinium-enhanced SE image (a). Dilute, high-signal-intensity 
gadolinium is present in a prominent extrarenal pelvis of the left kidney. The calyces are normal and small in size, reflecting the 
absence of obstruction. This establishes the diagnosis of extrarenal pelvis. Tl-weighted immediate postgadolinium SGE image (£>) 
in a second patient demonstrates bilateral extrarenal pelvis. Calyces are normal in size, and cortical enhancement is symmetric and 
normal. 





Fig. 9-130 MR urogram. Coronal MIP reconstructed MR urogram from 20 multisession coronal ETSE sections id) demonstrates 
bilateral severe dilatation of the renal collecting systems secondary to bladder outlet obstruction from prostate cancer. Superior 
deviation of the left ureter (arrow, a) results from superior extension of cancer. Coronal T2-weighted SS-ETSE image (b) in a second 
patient demonstrates moderate calicectasis bilaterally from chronic ureteropelvic junction obstruction. 





Fig. 9.131 Comprehensive evaluation of renal obstruction. Coronal T2-weighted SS-ETSE (a) and transverse immediate 
(b) and coronal 3-min fat-suppressed (c) postgadolinium SGE images in a patient with distal ureteral obstruction secondary to 
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Fig. 9.131 (Continued) gynecological malignancy. The coronal T2-weighted image id) demonstrates the severe dilatation of 
the renal collecting system and ureter. The early-phase image (b) demonstrates diminished cortical enhancement of the obstructed 
right kidney compared to the left. The thickness of the renal cortex is well preserved. The late-phase image (c) demonstrates signal- 
void urine in the ureter and renal pelvis and enhanced renal cortex. Coronal T2-weighted SS-ETSE (d, e) and coronal 2-min fat- 
suppressed postgadolinium SGE (/) images in a second patient with bilateral distal ureteral obstruction. Massive hydronephrosis 
is present in the right renal collecting system, and severe dilatation is present in the left (d, e). After gadolinium administration (/), 
essentially no renal parenchyma is identified in the right kidney, whereas moderately severe thinning is present in the left kidney. 
Coronal T2-weighted SS-ETSE (g) and transverse Tl -weighted 90-s fat-suppressed postgadolinium SGE (h) images in a third patient 
with longstanding ureterovesical obstruction secondary to childhood ureteric reimplantation. T2-weighted image (g) shows severe 
hydronephrosis and tortuosity of the ureter (small arrows, g) of the left kidney. The transverse gadolinium-enhanced image (h) 
demonstrates extreme thinning of the renal parenchyma in the left kidney, which is effectively nonfunctioning. A normal-appearing 
right kidney is seen. Intraperitoneal high signal intensity on the T2-weighted image and low signal intensity on the Tl -weighted 
postgadolinium image represent ascites. 



1172 



Chapter 9 KIDNEYS 





Fig. 9-132 Delayed excretion in high-grade obstruction. Tl-weighted 2-min postgadolinium fat-suppressed SGE image (a) 
demonstrates severe dilatation of the renal collecting system secondary to bladder cancer. SGE image (b) obtained 24 h later dem- 
onstrates delayed excretion of gadolinium. 





Fig. 9-133 Calyceal diverticulum. Coronal (a) and transverse (b) T2-weighted SS-ETSE images. The coronal image demon- 
strates a calyceal diverticulum (small arrow, a) adjacent to a renal cyst (long arrow, a). The calyceal diverticulum extends to the 
surface of the kidney and contains low-signal-intensity milk of calcium, which is commonly observed in these lesions. Minute low- 
signal-intensity calculi are apparent in the dependent portion of the diverticulum (arrow) on the transverse image (£>). Atrophy of 
the overlying renal cortex is apparent. 



which may be well shown with sequences that result 
in high-signal-intensity urine. Diverticula may uncom- 
monly extend to the cortical surface. 



JUXTARENAL PROCESSES 

Tumor, hemorrhage, abscesses, and urine leaks all may 
occur in a juxtarenal location. Urine extravasation most 
commonly occurs either as a result of trauma or second- 
ary to calyceal rupture due to elevated intracollecting 
system pressure. Although acute obstruction on the 
basis of renal calculi is the most common cause of caly- 



ceal rupture, this also may be seen in other causes of 
obstruction (fig. 9.134). 



TRAUMA 

Renal trauma is a common occurrence in abdominal 
injury. Tomographic imaging is the most accurate 
method for assessing the severity of injury, which is 
generally classified as mild (contusion), moderate (lac- 
eration into the collection system), or severe (disruption 
of renal pedicle or complete crush). Precontrast Tl- 
weighted images, especially fat-suppressed images, are 
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Fig. 9-134 Pyelosinus rupture. Tl -weighted late-phase fat suppressed gadolinium-enhanced SE image (a) demonstrates 
leakage of dilute, high-signal-intensity gadolinium (arrow) from a dilated, obstructed left renal collecting system. Tl-weighted 3-min 
fat-suppressed postgadolinium SGE image (b) in a second patient with a history of trauma. High-signal fluid extravasates into the 
perinephric space (arrow, b) at the same time as high-signal fluid appears in the collecting system. 



sensitive to the presence of blood. Dynamic gadolin- 
ium-enhanced images demonstrate patent renal vessels 
as high in signal intensity and are useful for assessing 
their integrity. Degree of renal injury is well shown on 
postgadolinium images by the demonstration of lacera- 
tions, hemorrhage, or areas of diminished enhance- 
ment. Early perinephric leak of contrast material is 
consistent with vascular injury, whereas >2-min post- 
contrast leak is indicative of collecting system injury 
(fig. 9.135) [1231. 



RENAL FUNCTION 

Gadolinium-enhanced dynamic serial imaging of the 
kidneys demonstrates distinct phases of contrast 
enhancement based on the location of the bulk of the 
contrast agent. The phases of enhancement can be 
separated into 1) capillary, 2) early tubular, 3) ductal, 
and 4) excretory [5]. Evaluation of the concentrating 
ability of the kidneys may be made by the observation 
of signal intensity changes in renal tissue based on the 
presence of gadolinium of varying concentrations (fig. 
9.136). When dilute gadolinium renders tissues high in 
signal intensity, and when concentrated gadolinium 
renders tissues signal void. The assessment of these 
phases of enhancement has been shown to distinguish 
normal kidneys and those with dilated nonobstructed 
collecting systems from acute and chronic obstruction. 
Patients must be mildly dehydrated to provide the phys- 
iologic condition for renal concentration. This can be 
achieved by a 5-h fast. Dilated, nonobstructed kidneys 
have a temporal pattern of signal intensity changes 
similar to that of normal kidneys because renal transit 



is not abnormal (fig. 9-137). Acutely obstructed kidneys 
are enlarged and have increased renal transit time. This 
corresponds to an appearance of a prolonged increas- 
ing-signal-intensity nephrogram and delayed appear- 
ance of contrast in the renal ducts and collecting system 
(fig. 9-138). Chronic obstruction has diminished cortical 
enhancement and increased transit time (fig. 9.139). 

Functional changes of cortical and medullary 
enhancement also may be observed in the context of 
renal ischemia [124]. 

The renal blood flow (RBF) evaluation can be 
obtained by using a technique based on intravenous 
administration of gadolinium chelate and evaluation of 
first-pass gadolinium chelate perfusion by using a highly 
accelerated 3D gradient-echo technique on the kidney 
in freely breathing subjects [125]. This recently described 
[125] perfusion MR imaging technique helps to evaluate 
flow rate at the level of the microvasculature within the 
renal tissue parenchyma, acquiring this data from both 
kidneys simultaneously. Although this technique allows 
quantitative assessment of the perfusion to each kidney 
in terms of blood volume per unit of time per unit of 
renal volume, its clinical applications remains to be 
determined. 



RENAL TRANSPLANTS 

In the United States, 11,000 renal transplants are per- 
formed annually [126]. MRI has been used to evaluate 
potential donors, potential recipients, and recipients 
after transplantation. 

In the evaluation of donors, pretransplantation 
assessment of the renal vascular anatomy of the potential 



1174 



Chapter 9 KIDNEYS 




Fig. 9-135 Renal trauma. Tl-weighted precontrast (a) and 90-s gadolinium-enhanced (£>) fat-suppressed SE images. High-signal- 
intensity perirenal hematoma is present surrounding an enlarged left kidney on the precontrast image. The interstitial-phase gado- 
linium-enhanced image demonstrates greater enhancement of the left kidney, compared to the normal right kidney. This excludes 
renal artery compromise but implies increased intrarenal tissue pressure, capillary leakage, and/or renal vein compromise. Tl- 
weighted precontrast SGE (c), T2-weighted SS-ETSE (d), Tl-weighted immediate postgadolinium SGE (e), and sagittal 90-s fat- 
suppressed postgadolinium SGE (/) images in a second patient who sustained abdominal trauma. High-signal-intensity hemorrhage 
is noted in the perirenal and posterior pararenal space in the left kidney with a multilayered appearance (c). Mixed high signal 
intensity is apparent on the T2-weighted image (d), which is consistent with blood products of varying age. In addition, a tubular- 
shaped focus of high signal intensity is present, a finding consistent with an intraparenchymal laceration (arrow, d). The kidney 
enhances normally immediately after contrast administration, excluding a major renal arterial injury. The sagittal image (/) demon- 
strates the full renal length and the volume of posterior pararenal blood (arrows). 





Fig. 9-136 Normal renal function. Precontrast image (a). Minimal corticomedullary differentiation is present. Cortical 
enhancement (capillary)-phase image (If). Cortex signal intensity is increased by 17%. Corticomedullary differentiation is distinct 
because of differential blood flow and increased delivery of gadolinium to the renal cortex. Early tubular-phase image (c). Signal 
intensity of medulla is transiently increased, whereas there is little change in cortical signal intensity. Ductal-phase image (d). Signal 
intensity of medulla is decreased (6% from vascular phase) because of the concentration of gadolinium in distal convoluted tubules 
and collecting ducts. There is minimal decrease in cortical signal intensity (2%). Decreased signal intensity is apparent in the inner 
medulla and therefore mainly represents concentrated gadolinium in collecting ducts. Excretory-phase image (e). Urine containing 
concentrated gadolinium appears in renal collecting systems as signal-void fluid. Excretory-phase image (/) obtained 15min after 
injection. No corticomedullary differentiation is present. Urine contains dilute (high signal intensity) gadolinium (arrow,/) because 
of rapid clearance of gadolinium from the body. (Reprinted with permission from Semelka RC, Hricak H, Tomei E, Floth A, Stoller 
M: Obstructive nephropathy: evaluation with dynamic Gd-DTPA enhanced MR imaging. Radiology 175: 797-803, 1990.) 
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Fig. 9-137 Dilated nonobstructed kidney. Gradient-echo images of subject with a dilated nonobstructed right kidney. Ductal- 
phase image (a). Low signal intensity of the medulla appears simultaneously in the dilated nonobstructed right kidney and in the 
normal left kidney. In the excretory-phase image (£>), excretion of concentrated urine is bilaterally symmetric. Susceptibility-induced 
image distortion of the renal collecting systems is due to the high concentration of gadolinium. (Reprinted with permission from 
Semelka RC, Hricak H, Tomei E, Floth A, Stoller M: Obstructive nephropathy: evaluation with dynamic Gd-DTPA enhanced MR 
imaging. Radiology 175: 797-803, 1990.) 





Fig. 9-138 Acute obstruction. Gradient-echo images of subject with an acutely obstructed left kidney and a normal right 
kidney. Cortical enhancement (capillary)-phase image (a). The acutely obstructed left kidney is larger and swollen compared with 
the right kidney. Obstruction to venous drainage results in an abnormal pattern of contrast enhancement of the obstructed kidney. 
The parenchymal signal intensity is greater, and corticomedullary differentiation is diminished. Ductal-phase image (£>). Tubular 
concentration is apparent in the normal right kidney but not on the obstructed left kidney. Cortical enhancement is persistent 
on the obstructed side, analogous to the persistent nephrogram on intravenous urogram (IVU) examination. Excretory-phase 
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Fig. 9-138 (Continued) image (c). The delayed image obtained at 3.5 min shows dilute (high signal intensity) urine in dilated 
calyces (arrows, c) of the left kidney. Concentrated (low signal intensity) urine is excreted from the right kidney. Excretory-phase 
image id) obtained 15 min after injection. Dilute urine is excreted by the normal right kidney. Further excretion into the dilated 
left renal collecting system can be appreciated. (Reprinted with permission from Semelka RC, Hricak H, Tomei E, Floth A, Stoller 
M: Obstructive nephropathy: evaluation with dynamic Gd-DTPA enhanced MR imaging. Radiology 175: 797-803, 1990.) 





Fig. 9.139 Chronic obstruction. Gradient-echo images of a subject with a chronically obstructed right kidney and a dilated 
nonobstructed left kidney. Cortical enhancement (capillary)-phase image (a). Normal cortical enhancement is appreciated in the 
left kidney, which demonstrates corticomedullary distinction. Cortical enhancement is lower in the chronically obstructed right 
kidney, with no definition of CMD. Low-signal-intensity gadolinium-free urine is present in both collecting systems (arrows, a). On 
the excretory-phase image (£>), concentrated urine is excreted by the dilated nonobstructed left kidney. There is no apparent excre- 
tion by the chronically obstructed right kidney, no development of corticomedullary differentiation, and no significant changes 
in parenchymal signal intensity from the cortical enhancement phase. (Reprinted with permission from Semelka RC, Hricak H, 
Tomei E, Floth A, Stoller M: Obstructive nephropathy: evaluation with dynamic Gd-DTPA enhanced MR imaging. Radiology 175: 
797-803, 1990.) 



renal donor is ancillary information. The incidence of 
variant arterial anatomy of the kidney is 40%, including 
early renal artery division or branches, multiple renal 
arteries (aberrant and accessory renal arteries), and mul- 
tiple renal veins [126]. Angiography has been the primary 
modality for the evaluation of renal vascular anatomy. 



However, in recent articles, excellent sensitivity and 
accuracy in the depiction of accessory renal arteries has 
been demonstrated by gadolinium-enhanced 3D MRA 
[127, 128]. One study [127] showed that combined gad- 
olinium-enhanced 3D MRA, MR urography, and MR 
nephrography can accurately depict the arterial supply, 
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Fig. 9.140 Normal transplant kidney. Tl -weighted pre- 
contrast SGE (a), Tl-weighted precontrast fat-suppressed SE (£>), 
and Tl-weighted immediate postgadolinium SGE (c) images of a 
functioning renal transplant. Normal corticomedullary differentia- 
tion is apparent on the precontrast SGE image (a) and is clearly 
defined on the precontrast fat-suppressed SE image (6). 
Corticomedullary differentiation on the immediate postgadolin- 
ium image (c) is consistent with a normal pattern of renal blood 
flow. (Reprinted with permission from Semelka RC, Shoenut JP, 
Greenberg HM: The kidney. In: Semelka RC, Shoenut JP (eds.), 
MRI of the Abdomen with CT Correlation. New York: Raven 
Press, 1993, p. 91-118.) 




collecting system, and renal parenchyma of the donor 
kidney. In our experience however, depiction of small 
anomalous renal arteries, particularly when they arise 
in unusual locations (e.g., distal abdominal aorta, 
common iliac artery), may elude detection with current 
MRA technique and yet be clearly defined on angiog- 
raphy. On the newest MR systems, the spatial resolution 
of MRA sequence with the use of dedicated multire- 
ceiver coils may be sufficient to consistently demon- 
strate the great majority of small anomalous renal 
arteries. 

In the evaluation of potential recipients, MRI may 
be used to evaluate the native kidneys for disease pro- 
cesses (e.g., development of renal cancer) and the 
appearance of the common iliac arteries for mural 
disease or luminal narrowing, particularly if there is a 
history of prior transplants that have failed. 

In the evaluation of recipients after transplantation, 
normal functioning transplants have good corticomedul- 
lary differentiation (CMD) on precontrast Tl-weighted 
fat-suppressed images and immediate postcontrast gra- 
dient-echo images (figs. 9.140 and 9.141). 



Some immediate postoperative complications may 
be associated with surgical difficulties; these include 
renal artery thrombosis or stenosis, renal vein thrombo- 
sis, urinary leak, or lymphocele. Others complications 
include rejection, cyclosporine toxicity, acute tubular 
necrosis, infection (figs. 9-142 and 9.143), and transplan- 
tation-related malignancies such as posttransplantation 
lymphoproliferative disorder (PTLD) and lymphoma 
[126, 129-131]. Renal cancer may also arise in the trans- 
plant kidney (fig. 9.144). 

Regarding immediate complications, allograft renal 
artery stenosis occurs in 2-10% of cases and may occur 
as early as 2 days or as late as several years [126]. 
Gadolinium-enhanced 3D MRA is an accurate reproduc- 
ible technique for evaluating renal artery complications 
[2, 3, 126, 128]. Normal transplant arteries and veins are 
clearly identified (fig. 9.145). Stenosis or thrombosis of 
artery or vein is similarly demonstrated in a reproduc- 
ible fashion with this technique (fig. 9.146). 

In renal transplant patients, lymphoceles are defined 
histopathologically as collections of lymphatic fluid (i.e., 
nonsanguineous or purulent) in the perinephric space 
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Fig. 9-141 Normal transplant kidney. Transverse Tl -weighted immediate postgadolinium SGE (a) and coronal 3D MRA 
source (£>) images. The kidney transplant in the right lower quadrant demonstrates normal capillary-phase enhancement. No com- 
plications were identified. Tl-weighted precontrast (c) and 90-s postgadolinium (d) fat-suppressed SGE images in a second patient. 
Corticomedullary differentiation is maintained on the noncontrast image. No complications are evident. 





Fig. 9.142 Acute focal pyelonephritis in a renal transplant. Tl-weighted immediate (a) and 90-s fat-suppressed (b) post- 
gadolinium SGE images demonstrate a focal region anteriorly in the transplant kidney that shows a striated nephrogram appearance 
on the capillary-phase image (arrows, a) that resolves on the interstitial-phase image (b).This appearance is consistent with acute 
focal pyelonephritis without abscess formation. 
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Fig. 9.143 Renal transplant with abscesses. Coronal T2- 
weighted SS-ETSE (a) and Tl -weighted precontrast SGE (b) images 
and transverse 90-s postgadolinium SGE (c) and coronal Tl- 
weighted 90-s fat-suppressed postgadolinium SGE (d) images. 
There are multiple low-signal-intensity lesions present in the renal 
transplant. These demonstrate decreased T2-weighted signal and 
lack of enhancement after contrast. These represent small 
abscesses, based on their appearance combined with clinical 
history. There is also a 3-cm well-circumscribed fluid collection 
present in the central midabdomen, which represents a loculated 
focal fluid collection or seroma (arrow, d). Transverse T2-weighted 
single-shot echo-train spin-echo (e), Tl -weighted postgadolinium 






Fig. 9.143 (Continued) fat-suppressed interstitial-phase transverse SGE (/"), and sagittal 3D-GE (g) images demonstrate an 
abscess (arrows, e-g) in another patient with renal transplant. A fluid-fluid layer is detected in the abscess cavity. The wall of abscess 
and adjacent inflammatory tissue shows intense enhancement. 




Fig. 9. 144 RCC in transplanted kidney. Coronal T2-weighted 
SS-ETSE (a), Tl-weighted gradient-echo (£>), and transverse 90-s fat- 
suppressed (c) and sagittal 90-s (d) postgadolinium gradient-echo 
images. A complex mass is appreciated in the posterior aspect of 
the transplanted kidney, which appears high signal intensity on the 
T2-weighted image (a) and low signal intensity on the Tl-weighted 
image (b) and has mild heterogeneous enhancement on the late- 
phase image (c). There is a small nodule within the mass that shows 
greater enhancement on the late-phase image, which is best seen 
on the sagittal plane (arrow, d). Multiple additional subcentimeter 
lesions are identified in the transplanted kidney, likely representing 
cysts, some of which are complex (c, d). 
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Fig. 9.145 Normal renal artery of a renal transplant. 

Coronal 3D source image (a). The artery is patent, and its anasto- 
mosis with the left common iliac artery is well visualized on the 
source image (arrow, a). Coronal 3D source image (b) and MIP 
reconstruction (c) image in a second patient demonstrate a nor- 
mal-caliber renal artery (arrow, b). It is important to examine 
source images in addition to the reconstructed images. 




(fig. 9-147). The fluid is derived from the renal lymph 
vessels, which are not reanastomosed with recipient 
lymphatics. Clinical differential diagnosis includes urine 
leak, hematoma, and, rarely, PTLD [132]. Lymphocele 
after transplant is the most common source of peritrans- 
plant fluid collection and occurs up to 18% of cases. 
Lymphoceles may either occur in the first month because 
of surgery or later on as a sign of rejection [126]. 



Lymphocele is high signal on T2-weighted images and 
low signal on Tl -weighted images. Urinoma is formed 
because of leakage of urine from pyeloureteral anasto- 
mosis causing a cystlike fluid-filled structure, and it is 
more likely to occur in the first 5 weeks after transplan- 
tation [126]. There are in general two surgical techniques 
used for ureter anastomosis in renal transplantation: 
either implantation of the donor ureter into the recipient 




Fig. 9-146 Renal artery stenosis in a transplant kidney. Coronal MRA MIP reconstruction (a) demonstrates stenosis of the 
renal artery (arrow) approximately 2 cm distal to the anastomosis with the internal iliac artery. (Courtesy of Susan M. Ascher, M.D., 
Department of Radiology, Georgetown University Medical Center.) Accessory renal artery thrombosis associated with an 
infarct in the transplanted kidney. Coronal 3D MIP 3D-GE MRA (£>), transverse (c) and coronal (d) thin-section 3D-GE MRA, 
and transverse Tl -weighted postgadolinium interstitial phase fat-suppressed 3D-GE (e) images demonstrate a renal infarct (thick 
arrows, c, e) due to the thrombosis of an accessory renal artery. The accessory renal artery is not seen because of the thrombosis. 
The main renal artery (thin arrows, b, d) is seen on MRA images (b-d). Small-vessel disease of the renal transplant. Coronal 



1184 



Chapter 9 KIDNEYS 





Fig. 9.146 (Continued) thin section 3D-GE MRA (/) and coronal Tl-weighted postgadolinium interstitial-phase fat-suppressed 
3D-GE (g) images demonstrate small-vessel disease of the renal transplant. Multiple small cortical enhancement defects (arrows) 
that are consistent with small-vessel disease are seen on MRA image (/). These cortical enhancement defects are not seen on the 
interstitial-phase image (g). 



bladder or anastomosis of the donor pelvis to the recipi- 
ent ureter (pyeloureteral anastomosis). Urine leaks are 
more common in the latter procedure. The incidence of 
this complication varies from 3% to 10% [133]. The signal 
characteristic of the urinoma is nonspecific and is high 
signal intensity on T2-weighted images and low signal 
intensity on Tl-weighted images. Seroma has signal 
intensity findings similar to lymphocele or urinoma. 

Regarding rejection, loss of renal CMD on Tl- 
weighted images is an observation found in renal 
allografts undergoing rejection (fig. 9.148) [134-136]. In 
a study comparing the accuracy of MRI, quantitative 
scintigraphy, and sonography for the detection of renal 
transplant rejection, the sensitivities for these modalities 
was 97%, 80%, and 70%, respectively [135]. Loss of 
CMD, however, is nonspecific and observed also in 
cyclosporine toxicity and other infiltrative or diffuse 
renal parenchymal diseases [96, 137]. Chronic rejection 
results in loss of CMD on Tl-weighted fat-suppressed 
images (fig. 9.149). The degree of loss of CMD on 
dynamic contrast-enhanced gradient-echo images may 
correlate with the severity of rejection. Longstanding 
severe rejection may result in morphologic alterations 
of the kidney (fig. 9.150). 

Malignancies may develop in transplanted kidneys. 
PTLD often manifests as a mass, predominantly in a 
hilar location. On MRI, this lesion shows low signal 



intensity on both T2- and Tl-weighted images and mild 
enhancement after contrast administration [130]. PTLD 
may arise as early as 6 months after transplantation. 
Although rare, RCC may also arise in transplanted 
kidney (see fig. 9-144). Unlike PTLD, renal cancers 
usually arise late after transplantation. RCC more com- 
monly arises in native failed kidneys. 



MR UROGRAPHY 

MR urography (MRU) has been performed as a comple- 
mentary tool to evaluate for urinary tract abnormalities 
[138-141]. This technique may be performed as a heavily 
T2-weighted data acquisition or a late (10-15 min) post- 
gadolinium Tl-weighted 3D-GRE technique. Techniques 
employing heavily T2-weighted pulse sequences result 
in solid organs and moving fluids having a low signal 
intensity, whereas stationary fluids including bile, urine, 
cerebrospinal fluid, and bowel fluid have a high signal 
intensity. In selected cases, postprocessing is performed 
with a maximum-intensity projection (MIP) that permits 
three-dimensional rotation, producing views of sus- 
pected areas of disease without superimposition of 
structures. This approach shows the morphologic 
appearance of the collecting system but does not 
provide information on renal function. 
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Fig. 9.147 Lymphocele. Transverse Tl-weighted 90-s fat- 
suppressed postgadolinium SGE images (a, b). There is a right 
lower quadrant kidney transplant, and projecting inferiorly from 
the renal hilum there is a well-delineated collection with a thin 
enhancing capsule (arrow, b) that represents a lymphocele. 
Sagittal (c), coronal id) and transverse (e) single-shot echo-train 
spin-echo images demonstrate a lymphocele (arrows, c-e) adja- 
cent to the renal transplant with a moderately dilated collecting 
system in another patient. 
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Fig. 9.148 Transplanted kidney with rejection. Tl -weighted precontrast (a) and 90-s fat-suppressed gadolinium-enhanced 
(b) SGE images. The renal transplant in the left pelvic fossa demonstrates decreased corticomedullary differentiation on the pre- 
contrast image (a) and appears globular or swollen. These findings are consistent with chronic rejection. 





Fig. 9-149 Chronic rejection of renal transplant. Tl-weighted precontrast SGE (a), precontrast fat-suppressed SE (b), and 
immediate postgadolinium SGE (c) images in a renal transplant undergoing chronic rejection. Loss of corticomedullary differentia- 
tion is apparent on precontrast images (a, b). The presence of corticomedullary differentiation on the capillary-phase image (c) 
shows persistence of a normal pattern of renal blood flow, which is consistent with preservation of some renal function. Tl-weighted 
precontrast fat-suppressed id) and immediate postgadolinium (e) SGE images in a second patient with chronic rejection. Loss of 
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Fig. 9.149 (Continued) visualization of the corticomedullary 
junction is apparent on the precontrast fat-suppressed image (d). 
Corticomedullary differentiation is shown on the immediate post- 
gadolinium image (e), which is consistent with preservation of 
some renal function. 





Fig. 9.150 Severe chronic rejection. Tl-weighted 45-s fat suppressed (a) and 90-s (b) postgadolinium images. The trans- 
planted kidney has an irregular contour (arrow, a). Irregularly margined central areas of diminished enhancement are present on 
45- and 90-s images. By 90 s, enhancement of renal medulla should equilibrate with the cortex; therefore, this central diminished 
enhancement does not reflect normal medulla. T2-weighted fat-suppressed single-shot echo-train spin-echo (c), Tl-weighted fat- 
suppressed 3D-GE (d), and Tl-weighted postgadolinium venous (e)- and interstitial (/)-phase fat-suppressed 3D-GE images at 3.0 T 
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Fig. 9-150 (Continued) demonstrate a renal transplant with severe chronic rejection (arrows, c-/). Chronically rejected kidney 
has heterogeneously high signal on T2-weighted image (c), and normal renal architecture is lost (0/). No enhancement is seen on 
postgadolinium images (e, /). 



One study [142] reported that the accuracy of MRU 
is excellent in the detection of ureterohydronephrosis 
and superior to conventional intravenous urography 
(IVU) in cases of renal failure. MRU was equivalent to 
IVU for the diagnosis of ureterohydronephosis in 
patients with normal renal function with an accuracy of 
100%. No difference was observed in the extent of dila- 
tation as shown as IVU and MRU. 

MRU has proven to be efficient in detecting the 
level of obstruction and permitting an analysis of the 
type of obstruction. The main disadvantage is the inabil- 
ity of the technique to demonstrate calculi in a consis- 
tent fashion, especially small, nonobstructing calculi. 

MRU performed as late gadolinium-enhanced 
3D-GRE also shows high-signal gadolinium in the col- 
lecting system. Advantages of this technique are that 
there are lesser problems with adjacent competing high- 
signal fluid (as observed on T2-weighted images) and 
it provides information on renal function. Additionally, 
this technique provides information of the integrity of 
the collecting system (e.g., pyelosinus rupture, ureteral 
injury) that is not shown on the heavily T2-weighted 
techniques. Diuretic-induced postgadolinium MR uro- 
graphy imaging can be performed with the administra- 
tion of intravenous furosemide. Diuretic-induced MR 
urographic imaging allows earlier and improved visual- 
ization of gadolinium-filled renal collecting system. 
More consistent demonstration of the majority, or 
entirety, of the ureters can be achieved with the 
administration of diuretic. Caution should, however, be 
exercised when patients have an elevated estimated 
glomerular filtration rate (eGFR), as the potential neph- 
rotoxic effects of diuretics may result in acute renal 
failure, thereby creating an environment favorable to 
the development of nephrogenic systemic fibrosis [143]. 



FUTURE DIRECTIONS 



Anatomic display of kidneys is accurate with current 
imaging techniques and phased-array multicoil imaging. 
Although gadolinium-enhanced 3D MRA is the most 
reproducible technique, advances in noncontrast MRA 
continue to develop [144-147]. It remains to be deter- 
mined whether noncontrast MRA may be sufficiently 
accurate to assess renal transplant donors. Renal func- 
tion and the functional and morphologic disturbance 
caused by various renal diseases are currently under 
investigation [148-154]. Fast imaging techniques such as 
turboFLASH and echoplanar imaging [136, 151, 155], 
new contrast agents [147, 156], or a combination of both 
[150, 151] are being employed to examine renal func- 
tion. Flow quantification may provide useful informa- 
tion on renal perfusion [152, 153]. Pharmacological 
stresses also may develop into a clinical routine for 
evaluating renal vascular disease [154]. 
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NORMAL ANATOMY 



The retroperitoneum is limited anteriorly by the parietal 
peritoneum and posteriorly by the transversalis fascia, 
extending from the level of the diaphragm to the level 
of the pelvic inlet. It is divided into the perirenal, ante- 
rior pararenal, and posterior pararenal spaces. Additional 
potential dissection planes exist between the retroperi- 
toneal spaces: the retromesenteric plane, formed by 
retromesenteric fusion planes anteriorly and the anterior 
perirenal (Gerota) fascia posteriorly, and the retrorenal 
plane, formed by retromesenteric fusion planes and the 
posterior renal (Zuckerkandl) fascia. These potential 
spaces may form the pathway by which rapidly accu- 
mulating fluid collections in the retroperitoneal space 
may extend to the pelvis [1]. 

The kidneys, adrenals, and pancreas are retroperi- 
toneal structures and are discussed separately in indi- 
vidual chapters. 

Other structures contained within the retroperito- 
neum include lymph nodes and lymphatic vessels, fat, 
and nerves. Major vessels include the aorta and inferior 
vena cava, and major skeletal muscles include the 



psoas. Neoplastic, infectious, inflammatory, idiopathic, 
and hemorrhagic processes can arise from, or involve, 
these particular retroperitoneal structures and are dis- 
cussed in this chapter. 



MRI TECHNIQUE 

The retroperitoneum can be reliably assessed by MRI. 
An imaging protocol should be designed to 1) maximize 
the signal intensity differences between suspected 
pathology and background tissues, 2) directly image the 
full extent of disease processes, and 3) define their 
boundaries with adjacent organs. The combination of 
breath-hold and breathing-independent sequences 
acquired in at least two different planes can achieve 
these goals without substantially prolonging the exami- 
nation time. In the investigation of abnormal retroperi- 
toneal tissue, the imaging protocol should include 
precontrast in-phase and out-of-phase spoiled gradient- 
echo (SGE), fat-suppressed SGE or 3D-GE, fat- 
suppressed and non-fat-suppressed T2-weighted, and 
postgadolinium fat-suppressed SGE or 3D-GE images. 



Abdominal-Pelvic MRI, Third Edition, edited by Richard C. Semelka. Copyright © 2010 John Wiley & Sons, Inc. 
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In the investigation of retroperitoneal hemorrhage, pre- 
contrast fat-suppressed SGE or 3D-GE images should 
be obtained because this technique has the greatest 
sensitivity for subacute hemorrhage. Postcontrast fat- 
suppressed SGE or 3D-GE images, using intravenously 
administered gadolinium chelate, are important for 
delineation and characterization of retroperitoneal 
lymph nodes, other masses, inflammation or infection, 
and fibrosis [2]. Vascular structures are also well defined 
on postcontrast fat-suppressed SGE or 3D-GE images. 
Image acquisition in two orthogonal planes permits 
direct evaluation of the extent of retroperitoneal disease. 

Oral contrast also may be used in selected cases to 
provide better delineation of bowel and to facilitate 
distinction of bowel from retroperitoneal tissue. Orally 
administered water provides adequate bowel opacifica- 
tion as a positive contrast medium for short-duration 
T2-weighted, echo-train spin-echo [e.g., half-Fourier 
single-shot turbo spin-echo (HASTE)] sequences and as 
a negative contrast medium for breath-hold Tl -weighted 
(e.g., SGE and 3D-GE) sequences. The selection of 
sequences may vary according to the clinical history, 
the other organs that are examined, and the capabilities 
of the equipment. 

MR angiographic techniques, particularly breath- 
hold three-dimensional (3D) gradient-echo MR angiog- 
raphy (MRA) sequences, play an important role in 
imaging the aorta and its branches. The combined use 
of 3D gradient-echo MRA and tissue-imaging sequences 
provides information on vessel lumen, vessel wall, and 
surrounding organs. 



RETROPERITONEAL VESSELS 

MR Angiography (MRA) 

The aorta and its branches are well evaluated by MRA 
using currently available techniques. Generally, tech- 
niques can be classified as black blood (flowing blood 
appears as signal void) or bright blood (flowing blood 
appears as high signal intensity). Conventional Tl- and 
T2-weighted spin-echo images will generally display the 
aortic lumen as a signal-void area (dark-blood tech- 
nique) because the excited blood leaves the slice in the 
time interval between excitation pulse and echo sam- 
pling. Despite the use of presaturation pulses and a long 
echo time, slow blood flow, as can be seen during 
diastole in the infrarenal aorta, may appear bright on 
Tl -weighted spin-echo images, which has the potential 
of appearing similar to thrombus. Cardiac gating can be 
used to reduce pulsatile motion artifacts and can reduce 
diastolic slow flow effects by acquiring SE images from 
inferior to superior, thus obtaining infrarenal aorta 
images during systole. 



Bright-blood techniques include sequences that 
refocus blood signal intensity with gradient pulses 
or gadolinium-enhanced gradient-echo sequences. 
Sequences that refocus blood signal include cine gradient- 
echo, time-of-flight MR angiography, and phase-contrast 
MR angiography. Time-of-flight MRA techniques [3-9] 
rely on the inflow of unsaturated spins into the exam- 
ined slice (2D) or volume (3D). Although these tech- 
niques have been used for head and neck applications, 
they do not achieve reproducible image quality in the 
abdomen because of respiratory and peristaltic motion 
and because of the large volume of examined tissues 
and vessels. As the majority of these techniques are 
non-breath hold, they have limited reproducibility in 
patients who are uncooperative, a circumstance that 
may be observed in patients with substantial disease. 
Furthermore, slow or turbulent flow in aortic aneurysms 
and poststenotic turbulent flow (e.g., in aortic occlusive 
disease or renal artery stenoses) cause dephasing that 
leads to signal loss and impaired vessel visualization [6, 
9-11]. Phase-contrast techniques may be used when 
flow velocity and direction information is required (fig. 
10.1). They require cardiac triggering and can be rela- 
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Fig. 10.1 Phase map of the normal aorta. The abdomi- 
nal aorta (encircled) appears high in signal intensity on this 
phase map in the systolic phase of antegrade blood flow. A 
blood velocity tracing obtained throughout the cardiac cycle 
is superimposed on the phase image, demonstrating the normal 
velocity profile of blood in the abdominal aorta. (Reproduced 
with permission from Semelka RC, Shoenut JP, Kroeker MA: 
The retroperitoneum and the abdominal wall. In: Semelka RC, 
Shoenut JP (eds.), MRI of the Abdomen with CT Correlation. 
New York: Raven Press, p. 13-41, 1993.) 
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tively long acquisition sequences, predominantly used 
for assessment of critical aortic stenosis or for assess- 
ment of cardiac valvular disease. 

The disadvantages of the time-of-flight techniques 
include signal loss in low-flow and turbulent-flow 
states and saturation of in-plane flow. To overcome 
these disadvantages, gadolinium enhancement has been 
employed in conjunction with 2D or 3D fast gradient- 
echo acquisitions, yielding good, reproducible results 
[10-16]. The 3D gadolinium-enhanced gradient-echo 
MRA technique does not rely on time-of-flight effects 
but rather on the Tl shortening provided by gadolinium 
[17]. Advantages compared with 2D techniques include 
a high signal-to-noise ratio permitting nearly isotropic 
resolution (typically 2-mm effective slice thickness), 
acquisition of the central phase-encoding steps at the 
same time point for all the slices, and avoidance of slice 
misregistration [11]. Recent advances in MRI, including 
the use of phased-array coils that increase the signal- 
to-noise ratio and faster-rising gradient times, have led 
to the implementation of fast 3D gradient-echo acquisi- 
tions in a breath hold [17, 18]. Typically, O.lmmol/kg 
body weight of gadolinium [high-dose gadolinium injec- 
tions including 0.2mmol/kg or higher doses should be 
avoided because of nephrogenic systemic fibrosis (NSF) 
considerations, and high Tl-relaxivity agents should be 
preferred particularly for MRA applications] is adminis- 
tered into an arm vein with a dual-chamber power 
injector at a rate of 2-3cc/s, followed by 15cc of saline 
to clear lines and veins. A tight bolus technique is useful 
when examining renal arteries because the venous 
return from the kidneys is rapid and overlap from renal 
veins is more difficult to control with infusion tech- 
niques. A slower infusion technique may be used when 
smaller and/or distal vessels are imaged, as in combined 
examinations of aortoiliac and lower extremity vessels. 

Timing of the injection depends on the vessels 
studied, the patient's cardiac output, and the total acqui- 
sition time of the 3D gradient MRA sequence, with the 
objective being to maximize intravascular gadolinium 
concentration during acquisition of the central phase- 
encoding steps [13, 17]. It is these central encoding steps 
that are responsible for generating image contrast. To 
simplify timing, 3D gradient-echo MRA sequences have 
been designed to reorder phase-encoding steps, obtain- 
ing image contrast information at the beginning of the 
acquisition. Such techniques include helical, helicocen- 
tric, or elliptocentric 3D gradient MRA sequences. For 
aortic imaging, the time interval between initiation of 
contrast injection and initiation of the imaging sequence 
can be determined with a timed bolus technique. This 
is accomplished by placing a sagittal gradient-echo slice 
centered on the descending thoracic aorta and imaging 
one image every 2 s as a 2- or 3-cc gadolinium injection 
is administered. Alternatively, an automated system can 



be employed such that the control software measures 
signal intensity arising from within a region of interest, 
placed within the aortic lumen, and the entire intrave- 
nous gadolinium bolus is then administered such that 
a prescribed 3D gradient MRA acquisition is triggered 
when the system detects a rise in intraluminal aortic 
signal intensity. 

Automation has progressed further such that a 
bolus-chase technique, similar in concept to conven- 
tional fluoroscopic angiography, is now possible. This 
is performed by prescribing up to three consecutive 
fields of view having three separate centering points, 
which can extend from the aortic arch to the vessels of 
both lower extremities and feet (fig. 10.2). Each field of 
view can overlap slightly with the neighboring field by 
2 cm, with each field typically measuring between 34 
and 40 cm in length. Imaging of the superior field is 
acquired with initiation determined by a timed-bolus or 
automated preparation technique. Subsequent middle 
and lower fields are imaged as previously prescribed, 
with the table moving the patient to the appropriate 
new center point automatically. In this way, the bolus 
of arterial gadolinium contrast can be chased into the 
lower extremities. Venous filling can then be chased in 
reverse sequence from the feet to the IVC. Although the 
time interval between initiation of contrast injection and 
initiation of imaging of the superior first station can be 
determined by prior bolus timing or by automated bolus 
detection, the subsequent imaging at the second and 
third inferior stations is timed empirically. To include 
the aorta, bilateral iliac, and bilateral lower extremity 
vessels, coronal 3D volumes are used. The ankles are 
elevated to keep the calf arteries within a level horizon- 
tal plane. More recent faster image acquisition sequenc- 
ing, such as true free induction in steady-state precession 
(e.g., true FISP or FIESTA) sequences, in combination 
with gadolinium, can be used for obtaining high spatial 
resolution, high contrast, and high temporal resolution, 
allowing more eloquent bolus-chase imaging. For 
example, a single bolus of contrast can now be imaged 
as the contrast first passes through the respective right 
heart, pulmonary arteries and veins, left heart, and then 
into the aorta (fig. 10.3). Generally, as temporal resolu- 
tion improves, optimal image timing becomes easier, 
arterial-venous delineation is superior, and the required 
dose of contrast decreases; 3.0 T MR imaging enables 
the acquisition of higher-quality images because of its 
higher spatial and temporal resolution compared to 1.5 
T. Previously, an aortic run-off study would require a 
combination of two or three stations, each treated as 
an individual exam requiring a total of two or three 
doses of gadolinium, typically at O.lmmol/kg each. 
Caution should currently be exercised in using high- 
dose volumes of gadolinium-based contrast agents for 
MRA studies. Many of the reported cases of NSF have 





Fig. 10.2 Extended-coverage MR angiography (MRA). Aortic run-off 3-station 3D gradient-echo MRA showing normal 
(a and £>), abnormal (c, right side), and conventional fluoroscopic digital subtraction angiogram (c, left side). A normal patient was 
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Fig. 10.2 (Continued) scanned using a peripheral vascular 
3-station phased-array coil (d) having 2-cm overlaps between 
upper and middle (junction at the midsuperficial femoral artery) 
and again between middle and bifurcation into the peroneal and 
posterior tibial arteries. The data were processed by maximum 
intensity projection (MIP) software analysis and are shown with 
no background subtraction and with soft tissue window and level 
(a) and after background subtraction using a high-contrast window 
and level (b) to eliminate soft tissues. Surgical planning often 
requires soft tissue visualization for spatial reference (a), although 
vascular detail may be more easily appreciated after removal of 
the soft tissue (6). Image c compares an MRA run-off study per- 
formed as in a and b, but with atherosclerotic irregular narrowing 
demonstrated over a long segment of right common and external 
iliac artery and a short segment of proximal to mid-left common 
iliac artery. Nearly identical results are demonstrated on a conven- 
tional fluoroscopic angiogram using iodinated contrast agent, per- 
formed on the same patient and shown on the right (arrows, right 
common and external iliac artery; open arrow, proximal left 
common iliac artery). 



been reported after either the cumulative effects of 
multiple doses of these agents experienced with 
repeated studies or in the setting of high-dose applica- 
tions such as MRA [19]. Our current recommendation 
is to not use more gadolinium-based contrast agent 
than a single-dose application (i.e., O.lmmol/kg). 
High Tl-relaxivity agents [gadobenate dimeglumine 



(MultiHance), gadoxetic acid (Eovist), gadofosveset 
trisodium (Vasovist)] may be preferred for MRA applica- 
tions. High Tl-relaxivity agents provide higher signal- 
to-noise ratio at the standard doses (i.e., O.lmmol/kg) 
of other gadolinium agents with standard Tl relaxivity. 
They can either be used at standard doses (i.e., 0.1 mmol/ 
kg) to obtain higher image quality or can be used at 
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Fig. 10.3 Normal pulmonary MRA. Coronal 3D gradient-echo (a and b) images. The acquisition of image data over a short 
time period, after rapid injection of a small volume of gadolinium contrast, allows better temporal resolution, obtaining an image 
with contrast predominantly within the pulmonary arteries and just starting to fill pulmonary veins and left atrium. The image 
acquired immediately after the pulmonary angiogram (b) shows contrast within the pulmonary veins, left atrium, aorta, and major 
aortic arch vessels and starting to fill the renal arteries. 



lower doses (i.e., less than O.lmmol/kg) to obtain 
similar image quality compared to other gadolinium 
agents with standard Tl relaxivity. Therefore, these 
agents may be particularly advantageous to minimize 
the risk of NSF because they can be used at lower doses 
in patients at risk for NSF. Also, gadofosveset trisodium 
(Vasovist) is a gadolinium-based contrast agent with 
higher relaxivity and with prolonged intravascular reten- 
tion due to being extensively and reversibly bound to 
human serum albumin, which should be considered for 
use [20, 21]. More experience with this agent, and more 
data regarding stability are necessary before we are 
prepared to state that this agent should be preferred for 
MRA procedures. 

Another development necessary for multiple con- 
secutive field-of-view imaging for aortic run-off exams 
has been specialized peripheral vascular phased-array 
coils that can cover from the chest to the feet (see fig. 



10.2). Without such coil designs, a solitary phased-array 
torso coil would require repositioning or, more simply, 
the built-in body coil could be used. However, signal- 
to-noise ratio is significantly improved with surface 
coils. 

The data acquired can be postprocessed either by 
multiplanar reconstructions or by 3D reconstruction 
using a maximum-intensity projection (MIP) algorithm. 
The small size of the individual slices permits recon- 
structions and 3D MIP projections at any level without 
image degradation. MIP images provide a quick over- 
view and are useful in tracking vessels that have a tortu- 
ous course in and out of the section plane. They are 
also useful for identifying smaller vessels (e.g., acces- 
sory renal arteries) (fig. 10.4). The diagnosis, however, 
is usually based on the individual source sections, and 
evaluation should not rely solely on the MIP images. 
The source images are superior to MIP reconstructions 
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Fig. 10.4 Normal abdominal aorta and iliac vessels. 

Anteroposterior projection (a) from a 3D MIP reconstruction of a 
set of immediate postgadolinium coronal breath-hold 3D gradient- 
echo sections with effective slice thickness of 2 mm. The abdomi- 
nal aorta, left and right renal arteries (arrows, a) and a right 
accessory lower pole renal artery (long arrow, a), common iliac 
arteries, and lumbar arteries (small arrows, a) are well visualized, 
with good lumen enhancement and smooth contours. The celiac 
axis and superior mesenteric artery are not visualized because they 
course outside the narrow (4 cm) coronal slab. A segment of the 
splenic artery is identified reentering the acquired slab in its pos- 
terior course toward the hilum of the spleen (open arrow, a). 
Anteroposterior projection (£>) from a 3D MIP reconstruction of a 
set of immediate postgadolinium coronal breath-hold 3D gradient- 
echo sections with effective slice thickness of 2 mm in a second 
patient. The normal aorta, renal arteries (arrows, £>), and lumbar 
arteries (small arrows, b) are well demonstrated. 3D MIP recon- 
struction image (c) of a set of immediate postgadolinium coronal 
breath-hold 3D-GE MRA sections acquired at 30 T demonstrates 
the abdominal aorta, common iliac arteries, bilateral renal arteries 
(white short arrows, c), common hepatic artery (short black arrow, 
c) and its branches, splenic artery (long black arrow, c) and supe- 
rior mesenteric artery (open arrow, c) and its branches in another 
patient with normal MRA findings. 3D MIP reconstruction 
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Fig. 10.4 (Continued) image id) of a set of immedi- 
ate postgadolinium sagittal breath-hold 3D-GE MRA sec- 
tions and sagittal 3D-GE angiographic source image (e) 
demonstrate common celiac-mesenteric trunk in another 
patient. Celiac-mesenteric trunk is a rare variant seen in 
less than 1% of the population. MRA is also effective at 
demonstrating vascular anatomic variations. Note that pul- 
monary arterial vasculature is also shown. 





in the depiction of vessel wall, presence of mural throm- 
bus, renal artery ostia, and intimal flap in aortic dis- 
sections [4]. Of critical importance for viewing and 
interpretation of large MRA data sets is a picture archival 
computing system (PACS) that has viewing workstations 
with software capable of image stacking and scrolling 
(i.e., rapid paging from one image slice to the next). 

A useful adjunct, particularly in uncooperative 
patients, is a single-shot echo-train spin-echo technique 
(e.g., HASTE) combined with a set of preparatory 
inversion pulses (black-blood technique): A non-slice- 
selective 180° inversion pulse is applied, which is 
followed by a slice-selective 180° inversion pulse before 
the start of the echo-train sequence. The first pulse 
inverts the longitudinal magnetization of the whole 
body, whereas the second pulse selectively restores the 
longitudinal magnetization of the examined slice. The 
time delay of the first inversion pulse is selected so that 
the central phase-encoding steps are acquired when 
blood reaches the null point, resulting in no signal from 
blood [22]. 

For clinical examinations, it may be of value to 
obtain a bright-blood and a black-blood technique for 
studying the aorta [5, 23]. An attractive feature of MRI is 
its ability to image the aorta along its longitudinal length, 



which has a particular advantage in studying the length 
of a disease process such as aneurysm [5, 16, 23]. 

For the assessment of aortic pathology, early (up to 
2min after injection) postgadolinium images obtained 
for investigation of diseases of solid abdominal organs 
provide a fast and reproducible technique incorporated 
into the routine abdominal MRI protocol [24]. Immediate 
postgadolinium SGE or 3D-GE images also generate 
information on capillary blood flow, which may provide 
important insight into the impact of anatomic vessel 
abnormalities on organ perfusion [24]. When angio- 
graphic sequences are not available, an anteroposterior 
projection of an MIP reconstruction using immediate 
postgadolinium coronal 3D-GE sections (3.5 mm) results 
in angiographic-like images. The acquisition of thinner 
sections (2 or 3mm) at 3.0 T also improves the use of 
3D-GE soft tissue imaging sequence for the assessment 
of vessels [24]. 

Aorta 

Aortic Aneurysm 

Abdominal aortic aneurysm (AAA) is a common disease 
entity in North America. The incidence is 21.1 per 
100,000, and men are five times more likely than women 
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to be affected by AAA. The median age at diagnosis is 
69 years for men and 78 years for women [25]. Important 
diagnostic information for patient management includes 
the diameter of the aneurysm, its longitudinal length, 
and its relationship to renal, common iliac, and femoral 
arteries. Spontaneous rupture is a frequent complication 
of aneurysms 6 cm or more in diameter, but it is rela- 
tively uncommon for AAAs smaller than 5 cm [26, 27]. 
MR images with black-blood and bright-blood tech- 
niques are successful at demonstrating aneurysms [5, 
16, 23, 28-32]. Gadolinium-enhanced 3D gradient-echo 
MR angiography (e.g., 3D FISP) demonstrates the full 
extent of the aneurysm and its relationship to the renal 
arteries, celiac axis, and superior mesenteric artery 
(SMA) (fig. 10.5). In patients with atherosclerotic disease, 
renal artery stenosis may coexist and is well depicted 
on gadolinium-enhanced 3D FISP images. Stenosis of 
the SMA also can be assessed reliably, and this is of 
importance in patients with suprarenal aortic aneurysms 
because postoperative bowel ischemia may complicate 
aneurysm repair [32]. Assessment of the aortic wall, 
mural thrombus, and abdominal viscera is accomplished 
on postgadolinium SGE or 3D-GE (fig. 10.6) or 
fat-suppressed SGE or 3D-GE images after the 3D 
acquisition. 

A pseudoaneurysm represents enlargement of the 
artery resulting from blood accumulating beyond the 
intimal layer and typically trapped within the serosa or 
outer layer of the arterial wall. Etiology may be related 
to ruptured atheroma, dissection, or trauma (fig. 10.7). 

Inflammatory aortitis, also termed inflammatory 
aortic aneurysm, is an uncommon entity in which an 
inflammatory reaction develops around an aortic aneu- 
rysm [33]. Etiologic factors proposed by some investiga- 
tors include an immune response to ceroid produced 
in atheromatous plaque [30], whereas other investigators 
have found evidence of vasculitis involving the aortic 
wall in patients with inflammatory aortic aneurysms and 
have postulated that the combination of retroperitoneal 
fibrosis, vasculitis, and aortic aneurysm may represent 
a distinct pathological entity [33]. Gadolinium-enhanced 
fat-suppressed SGE or 3D-GE images demonstrate infil- 
trative enhancing tissue surrounding an aortic aneurysm 
(fig. 10.8). 

Aortic Dissection 

Aortic dissection usually originates in the thoracic aorta. 
MRI with MRA has been shown to be accurate in the 
detection of aortic dissection [32, 34, 35]. The noninva- 
sive nature of the technique and the absence of ionizing 
radiation are important features of MRI. Strengths of MRI 
include the ability to demonstrate the intimal flap [34] 
and entry site [11], to examine the whole length of the 
aorta, and occasionally to demonstrate so-called "aortic 
cobwebs," which are fibroelastic bands formed during 



the dissection process that project from the false lumen 
wall [36]. Detection of these bands facilitates the distinc- 
tion of the false from the true lumen because they are 
located in the false lumen. On spin-echo images, flow 
in the true lumen is usually signal void, whereas flow 
in the false lumen can be signal void or high in signal 
intensity depending upon the velocity of blood flow 
(fig. 10.9). Slow flow in the false lumen of a dissection 
may be difficult to differentiate from thrombosis on 
spin-echo images. 

The role of conventional spin-echo imaging is 
limited because gadolinium-enhanced 3D gradient-echo 
MRA (e.g., 3D FISP) and gadolinium-enhanced fat- 
suppressed GE (2D or 3D) imaging are all fast, accurate, 
and reproducible techniques for the demonstration of 
dissection. Gadolinium-enhanced SGE or 3D-GE and 3D 
gradient-echo MRA techniques reliably differentiate 
slow flow, which is high in signal intensity on these 
images, from thrombus, which is low to intermediate in 
signal intensity (fig. 10.9). Breath-hold gadolinium- 
enhanced 3D gradient-echo MRA images provide sharp 
detail and demonstrate the full extent of dissection, the 
entry site, the location of the intimal flap, and the rela- 
tion of the visceral vessels to the true and false lumen 
(fig. 10.10). The entry site, intimal flap, and origins of 
the vessels are better shown on the individual sections 
than on the 3D MIP reconstructions. The acquisition of 
two data sets provides dynamic flow information, which 
often demonstrates delayed enhancement of the false 
lumen, which is apparent in cases with slow flow. 
Breath-hold immediate postgadolinium SGE or 3D-GE 
images may also provide this information. Postgadolinium 
non-fat-suppressed and fat-suppressed SGE or 3D-GE 
images delineate the intimal flap, demonstrate the 
origins of the aortic branches, and can assess extension 
of the dissection into the splanchnic vessels (see fig. 
10.11). This extension is evaluated better on transverse- 
than on sagittal- or coronal-plane images. In rare 
instances the only finding may be wall thickening with 
or without high-signal-intensity foci on Tl -weighted 
images [37, 38]. The high-signal-intensity foci on Tl- 
weighted images reflect the presence of intramural 
hematoma. This pattern may be missed on angiography 
and has been postulated to represent the early stage of 
dissection with hemorrhage from the vasa vasorum that 
leads to aortic wall weakening and subsequent intimal 
rupture [37, 38]. In one report, the transition from this 
appearance to classic dissection with intimal flap and 
blood flow in the false lumen was documented on 
follow-up studies in two patients [38]. 

Penetrating Aortic Ulcers and Intramural 
Dissecting Hematoma 

Penetrating aortic ulcers result from ulcerated athero- 
sclerotic plaques that penetrate the internal elastic 
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Fig. 10.5 Atherosclerotic aortic aneurysm of the abdom- 
inal aorta. Coronal MIP reconstruction (a) of a set of gadolinium- 
enhanced 2-mm thin-section coronal 3D gradient-echo sections in 
a patient with an infrarenal aortic aneurysm. The MIP images 
demonstrate a large fusiform infrarenal aortic aneurysm. The aneu- 
rysm is shown not to extend into the common iliac arteries. 
Transverse 45-s postgadolinium SGE (b), interstitial-phase gadolin- 
ium-enhanced SGE (c), and sagittal interstitial-phase SGE (d) 
images in a second patient. An abdominal aortic aneurysm contain- 
ing high-signal-intensity gadolinium in the lumen and low-signal- 
intensity wall thrombus is evident on the 45-s postgadolinium SGE 
image (£>). The left kidney is small and demonstrates delayed 
enhancement of a uniform thin cortex, findings consistent with 
left renal artery stenosis. Note that the signal intensity of the 
cortex and medulla of the right kidney has equilibrated at this 
tubular phase of enhancement. Good delineation of the patent 
lumen and mural thrombus is provided by gadolinium enhance- 
ment on early postgadolinium SGE images (b, c), whereas imaging 
in the sagittal plane demonstrates the longitudinal extent of 
disease. Immediate postgadolinium (e) and transverse if, g, h) and 
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Fig. 10.5 (Continued) sagittal (i) interstitial-phase gadolinium-enhanced SGE images in a third patient. The abdominal aorta is 
normal in diameter at the level of the origins (arrows, e) of the renal arteries. At lower tomographic levels (/-&), enlargement of 
the aortic lumen with sharp demarcation of the high-signal-intensity patent lumen and low-signal-intensity wall thrombus (small 
arrows,/) is noted. Involvement of the infrarenal aorta (/), common iliac arteries (g), and common femoral arteries (h) is demon- 
strated. A Foley catheter is also noted in place (arrow, Z?).The sagittal interstitial-phase image provides direct visualization of the 
site of maximal anteroposterior diameter (arrow, f) with depiction of low-signal-intensity thrombus (small arrows, i) in the anterior 
aortic wall. The origin of the superior mesenteric artery (thin arrow, i) is also demonstrated. Coronal 2-mm gadolinium-enhanced 
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Fig. 10.5 (Continued) 3D gradient-echo source image (/) and MIP reconstruction of the 2-mm 3D gradient echo sections (k) 
in a fourth patient. The source image (/) most clearly defines the vascular abnormalities, whereas the MIP reconstructed image 
provides the overall topographic display (k). In this patient, a saccular infrarenal aortic aneurysm is clearly shown. 



lamina and may lead to hematoma formation within the 
media of the aortic wall, false aneurysm, and finally 
transmural rupture of the aorta. They are more com- 
monly located in the descending thoracic or upper 
abdominal aorta (fig. 10.12) [39]. In cases of intramural 
dissecting hematoma, the intimal flap is not often seen 
and is irregular and thick. The intramural hematoma 
rarely fills with contrast and is usually seen to extend 
both cephalad and caudal to the entry site, which is at 
the penetrating atherosclerotic ulcer. Extensive athero- 
sclerotic changes are usually present in the aorta [39]. 
It is important to differentiate this entity from aortic 
dissection because management may be different. MRI 
can demonstrate the intramural hematoma, atheroscle- 
rotic ulcer, and false aneurysm [39, 40] and is superior 
to angiography in depicting the extent of intramural 



thrombus. MRI may be similar or superior to CT imaging 
in differentiating acute hematoma from atherosclerotic 
plaque and chronic thrombus [40]. Intramural hema- 
toma is high in signal intensity on both Tl- and T2- 
weighted images and can be differentiated from chronic 
mural thrombus, which is low in signal intensity [40]. 
The combination of gadolinium-enhanced 3D gradient- 
echo MRA images to define the aortic lumen and 
gadolinium-enhanced fat-suppressed SGE or 3D-GE 
images to demonstrate the wall thickness in deep aortic 
ulcers may be the most effective means for evaluating 
this entity (see fig. 10.12). 

Aortoiliac Atherosclerotic Disease — Thrombosis 

Gadolinium-enhanced SGE or fat-suppressed SGE and 
3D-GE images may demonstrate gross atherosclerotic 





Fig. 10.6 High-signal-intensity mural thrombus. Precon- 
trast SGE (a) and gadolinium-enhanced fat-suppressed SGE (b) 
images. An abdominal aortic aneurysm containing high-signal- 
intensity thrombus (arrow, a) is observed on the precontrast SGE 
image. On the postcontrast image, the lumen is opacified and 
the thrombus becomes relatively low signal. Tl -weighted fat- 
suppressed spin-echo image (c) in a second patient with aortic 
aneurysm demonstrates an aortic aneurysm with atherosclerotic 
plaque in its right posterior aortic wall with a high-signal-intensity 
focus (arrow, c) representing clot of more recent origin. 





Fig. 10.7 Gastroduodenal pseudoaneurysm. The patient presented with upper quadrant abdominal pain after a partial pan- 
createctomy and diminished renal function. An MR angiogram was performed and included precontrast imaging that showed a massive 
subcapsular hemorrhagic collection (stars, a) on coronal T2-weighted single-shot echo-train imaging with blood tracking along 
the porta hepatis. Postgadolinium imaging was obtained by bolus tracking timed imaging to capture the arterial phase (£>), and sub- 
sequent delayed-phase axial 3D GRE imaging was performed to have an overview of the relationship of blood vessels and surrounding 
soft tissues (c). The MRA image Qf) is displayed as a single selected maximum-intensity projection (MIP) from a series of multiple- 
projection reconstruction (MPR) images and shows the proper hepatic artery (arrowhead, &), the origin of the gastroduodenal 
artery (large arrow, £>), and the pseudoaneurysm arising from the gastroduodenal artery (small arrows, b). The pseudoaneurysm 
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Fig. 10.7 (Continued) is also demonstrated on axial 3D GRE 
imaging (arrow, c). After the MRA, the patient had an angiographi- 
cally directed interventional procedure with successful thrombosis 
of the pseudoaneurysm by coil placement. With the use of the MRA 
to assist in catheter guidance, only lOcc of iodinated contrast was 
required for the interventional procedure, representing a small 
fraction of the total dose burden that would have been required 
without the MRA and minimizing the risk for further acute impair- 
ment of renal function. Renal artery aneurysm. 3D MIP recon- 
struction image id) of a set of immediate postgadolinium coronal 
breath-hold 3D-GE MRA sections and coronal 3D-GE angiographic 
source image (e) at 3.0 T demonstrate a small renal artery aneurysm 
in another patient. 
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Fig. 10.8 Inflammatory aortitis. Interstitial-phase gadolinium-enhanced fat-suppressed SGE image id). An aortic aneurysm is 
present with diffusely thickened wall and enhancing ill-defined tissue that projects (arrows) into the retroperitoneal fat surrounding 
the aneurysm. Enhancement of the lumen and nearly signal-void mural thrombus are also shown. Coronal 3D MIP reconstruction 
(b) and transverse gadolinium-enhanced fat-suppressed SGE (c, d) images in a second patient demonstrate dilatation of the infrarenal 
aorta and common iliac arteries. Note the homogeneous enhancing tissue surrounding these vessels, consistent with perianeurysmal 
inflammation. 



changes of the aorta and iliac arteries. Gadolinium- 
enhanced 3D gradient-echo MRA images can reliably 
assess atherosclerotic changes and stenoses of the aorta 
(fig. 10.13) and iliac arteries (figs. 10.14 and 10.15) and 
are able to demonstrate the lumen of the stenotic 
segment and the immediate poststenotic area (see fig. 
10.14) because they do not suffer from dephasing, 
reverse flow, or in-plane saturation phenomena com- 
pared with time-of-flight techniques. 

Occlusion of the abdominal aorta and its branches 
may occur in advanced thrombotic disease or dissec- 



tion. Gadolinium-enhanced SGE or 3D-GE images 
permit clear distinction between high-signal-intensity 
patent lumen and low-signal-intensity thrombosed 
lumen (fig. 10.16). Coronal or sagittal images are useful 
to confirm the level of occlusion (figs. 10.16 and 10.17). 

Postoperative Aortic Graft Evaluation 

Postoperative complications of abdominal aortic graft 
surgery include occlusion, hemorrhage with false aneu- 
rysm formation, infection, and aortoenteric fistula for- 
mation. Complications are well shown on MR images 





Fig. 10.9 Aortic dissection with perfusion differential between the kidneys. Tl-weighted spin-echo (a) and immediate 
(b, c) and 90-s id) postgadolinium SGE images. The Tl-weighted spin-echo image (a) shows enlargement of the abdominal aorta, 
which contains an intimal flap and has a true and a false lumen. High signal intensity is noted in the false lumen because of slow 
flow. Note that the true lumen has a biconvex configuration because of the higher blood pressure. The immediate postgadolinium 
SGE image (b) acquired at the same tomographic level shows enhancement of both lumens with sharp demarcation of the intimal 
flap. The false lumen enhances substantially less than the true lumen on the immediate postgadolinium SGE image (c) at a lower 
tomographic level because of diminished contrast delivery secondary to slow flow in the false lumen. The right renal artery (arrow, 
c) is demonstrated originating from the true lumen. Intense cortical enhancement of the right kidney and minimal cortical enhance- 
ment of the left kidney is evident, reflecting the origin of the left renal artery from the false lumen. Note that on the 90-s postgado- 
linium SGE image id) lumen and kidneys enhance to the same extent. Tl-weighted spin-echo (e) and immediate postgadolinium 
SGE (/") images in a second patient with aortic dissection. The Tl-weighted spin-echo image shows an aortic aneurysm with an 
intimal flap (arrow, e). Both lumens are signal void on this image, reflecting higher blood velocity in the false lumen than observed 
in the first patient. The right lumen has a biconvex configuration consistent with the true lumen. High flow in both lumens is also 
reflected as equal enhancement on the immediate postgadolinium SGE image. The origin of the right renal artery (arrow, /) from 
the true lumen is well shown. Immediate postgadolinium SGE images in patients with aortic dissection provide hemodynamic 
information that is helpful in determining true and false lumens and abdominal organ arterial perfusion. 
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Fig. 10.10 Aortic dissection. Gadolinium-enhanced 2-mm thin-section 3D gradient-echo image (a) obtained in an oblique 
sagittal plane through the center of the lumen of the aortic arch, coronal multiplanar reconstruction Qf) from the set of gadolinium- 
enhanced 2-mm thin oblique sagittal 3D gradient-echo sections, and transverse interstitial-phase gadolinium-enhanced fat-suppressed 
SGE images (c) in a patient with type B aortic dissection. The oblique sagittal gadolinium-enhanced 3D gradient-echo image (a) 
demonstrates an aortic dissection originating in the thoracic aorta. The intimal flap (small arrows, a-c) is readily demonstrated as 
a low-signal-intensity curvilinear structure. The entry site (arrow, a) is identified immediately distal to the origin of the left subclavian 
artery (long arrow, a). The multiplanar reconstruction (b) outlines the course of the dissection and demonstrates the intimal flap 
(small arrows, b) from the thoracic to the abdominal aorta. The intimal flap is well seen on the interstitial-phase gadolinium-enhanced 
fat-suppressed SGE image (c) at the level of the abdominal aorta. Incidental note is made of a left-sided IVC (i, c). Coronal 2-mm 




Fig. 10.10 (Continued) gadolinium-enhanced 3D gradient-echo source image id) and 3D MIP reconstruction of the 2-mm 3D 
gradient-echo sections (e) from a second patient show similar features of an aortic dissection. Transverse SGE (f) and immediate 
postgadolinium SGE (g) images in a third patient. There is a large complex abdominal aortic saccular aneurysm associated 
with thrombus and dissection. The intimal flap is clearly shown (arrow, g) after contrast administration. 3D MIP reconstruction 
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Fig. 10.10 (Continued) image Qf) of a set of immediate postgadolinium sagittal breath-hold 3D-GE MRA sections, sagittal 3D-GE 
angiographic source image (i), and reformatted transverse 3D-GE angiographic images (j, U) demonstrate type B aortic dissection 
in another patient. Intimal dissection flap (black arrows, h, f) originates distal to the left subclavian artery. Celiac artery (arrow, y) 
and superior mesenteric artery (arrow, k) originate from the small true lumen. Note the bronchial arteries (white arrows, h) origi- 
nating from the descending aorta. 
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Fig. 10.11 Aortic dissection with extension into the superior mesenteric artery. Immediate postgadolinium SGE image 
(a) and coronal projection (b) from 3D MIP reconstruction of a set of coronal immediate postgadolinium SGE images obtained in 
a follow-up study. The immediate postgadolinium SGE image (a) at the level of the origin of the superior mesenteric artery shows 
high signal intensity, gadolinium-containing true (right) and false (left) lumens, and extension of the intimal flap into the superior 
mesenteric artery. The coronal projection from the 3D MIP reconstruction shows the abdominal aorta and iliac arteries, with the 
intimal flap extending into the external iliac artery (arrow, b). The ostia of the renal arteries are clearly depicted (small arrows, b), 
whereas the left renal artery and kidney are not visualized because of decreased enhancement from slow blood flow in the false 
lumen. Immediate postgadolinium SGE images (c, d) at two tomographic levels in a second patient. The high-signal-intensity gad- 
olinium-containing aorta is clearly shown on both images. The intimal flap is well shown, as are the origins of the celiac axis (arrow, 
c) and right renal artery (small arrow, d) from the true lumen. 
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Fig. 10.12 Penetrating aortic ulcer. Lateral MIP projection of a set of gadolinium-enhanced 2-mm coronal 3D gradient-echo 
sections (a) and transverse interstitial-phase gadolinium-enhanced fat-suppressed SGE image (£>). An atherosclerotic aneurysm of 
the infrarenal abdominal aorta is present. An ulceration of the atherosclerotic plaque (arrow, a, b) is demonstrated on the lateral 
MIP projection. On the interstitial-phase gadolinium-enhanced fat-suppressed SGE image (£>), the diameter of the aortic aneurysm 
and the presence of mural thrombus are well evaluated. The depth of the ulceration in relation to the outer aortic wall is appreci- 
ated. Interstitial-phase gadolinium-enhanced fat-suppressed SGE images provide information on the aortic wall and the surrounding 
tissues that are not available on MR angiographic images. 3D MIP reconstruction image (c) of a set of immediate postgadolinium 
coronal breath-hold 3D-GE MRA sections and Tl -weighted postgadolinium fat-suppressed hepatic venous phase 3D-GE image id) 
at 3.0 T demonstrate atherosclerotic changes in the abdominal aorta in another patient. Penetrating ulcers (arrows, c, d) in the 
abdominal wall are seen on both images. Note that an aortic aneurysm is also present proximal to the bifurcation. 
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[23, 41]. Although some of these complications can 
occur acutely in the postoperative period, it is generally 
agreed that MR imaging should not be performed before 
4-6 weeks after surgery to allow endothelial repair and 
reduction of risk for injury due to surgical clip dislodge- 
ment. However, nonferromagnetic MR compatible stents 
that can be applied endovascularly can be examined 
earlier. Fluid is frequently present surrounding the graft 
within 3 months after surgery (fig. 10.18). Fluid sur- 
rounding the graft beyond 3 months or an increasing 
volume of perigraft fluid after 3 months is suggestive 
of infection on Tl- and T2-weighted images [23, 42, 43]. 
Gadolinium-enhanced fat-suppressed imaging may 



also be an ideal technique for evaluating inflammatory 
enhancement in aortic graft infections (fig. 10.19). 
Gadolinium-enhanced fat-suppressed SGE or 3D-GE 
images are preferable to gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo images because 
patency of the graft lumen can also be assessed reliably 
with the SGE and 3D-GE sequence. Patent lumen is high 
in signal intensity, and intraluminal thrombus is low to 
intermediate in signal intensity. Inflammatory tissue 
shows substantial enhancement, and fluid collections/ 
abscesses will have low central signal intensity. 

Endoluminal placement of aortic grafts is a proce- 
dure that is gaining in popularity because of the lower 





Fig. 10.13 Atherosclerotic disease of the abdominal aorta. Coronal 3D MIP reconstruction of gadolinium-enhanced 2-mm 
source images (a) and anteroposterior conventional arteriography image (£>). Diffuse atherosclerotic disease of the abdominal aorta 
with irregularity of the contour and focal stenotic and dilated segments is demonstrated on the 3D MIP image (a). Close correlation 
of the MRI findings with the intra-arterial catheter angiographic image (b) is present. The image acquisition timing in this case was 
slightly delayed, and the 3D gradient-echo images were acquired during the capillary rather than the arterial phase of enhancement, 
as evidenced by the presence of enhanced portal vein (p, a) and right renal vein. Enhancement of the left renal vein partially masks 
a stenosis (small arrow, a, b) of the left renal artery. Targeted 3D MIP reconstructions of the left renal artery revealed this stenosis. 
Note early retrograde filling of the left ovarian vein (arrow, a). Coronal 3D MIP reconstruction of gadolinium-enhanced 2-mm source 
images (c) in a second patient shows irregular contour of the aorta (small arrows, c) due to diffuse atherosclerotic changes. 
Note normal renal arteries (long arrows, c) bilaterally. The common hepatic artery (short arrow, c) and splenic artery (open arrow, 
c) are also demonstrated. Coronal 3D MIP reconstruction of gadolinium-enhanced 2-mm source images id) in a third patient 




Fig. 10.13 (Continued) demonstrates slight irregularity of 
the abdominal aorta associated with stenoses of the celiac axis and 
superior mesenteric artery and occlusion of the right common 
iliac artery (arrow). Coronal 3D-GE immediate postgadolinium 
breath-hold source MRA images (e,f), transverse reformated MRA 
image (g) and 3D MIP reconstruction image Qf) of immediate 
postgadolinium coronal source images at 3.0 T demonstrate 
diffuse contour irregularity of the abdominal aortic wall due to 
atherosclerosis in another patient. Note that the renal arteries are 
patent. 
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Fig. 10.14 Stenosis of the left common and external iliac 
arteries. Coronal (a) and right anterior oblique (b) 3D MIP recon- 
structions of gadolinium-enhanced 2-mm source images. High- 
grade stenoses are demonstrated of the left common iliac (black 
arrow, a) and left external iliac (small black arrow, a) arteries. 
Irregularity of the vessel contour from diffuse atherosclerotic 
disease and a more prominent eccentric plaque at the right 
common femoral artery (white arrow, a) are also noted. On the 
oblique image (b) vessel lumen distal to the high-grade stenoses 
and the lumen of the stenotic segment (small arrows) are well 
visualized, reflecting negligible signal loss from dephasing. This is 
due to the very short echo time of the sequence combined with 
the Tl shortening from gadolinium enhancement. The internal iliac 
arteries are not adequately visualized because of their location 
outside the obtained 3D slab. Coronal 3D MIP reconstruction of 
gadolinium-enhanced 2-mm source images (c) in a second patient 
with diabetes mellitus and recent onset of impotence. A high-grade 
stenosis (arrow, c) of the right internal iliac artery is demonstrated 
1 cm from its origin. The lumen immediately distal to the stenotic 
area is well visualized because of minimized dephasing despite 
turbulent flow. An ulcerated atherosclerotic plaque (small arrow, 
c) in the left common iliac artery is also present. The peripheral 
segments of the internal iliac arteries are not visualized because of 
their course outside the acquired 3D slab. 




risks associated with this procedure compared with 
open surgical graft placement. MRI may be used to 
ensure adequate position of the graft (figs. 10.20 and 
10.21) and to examine for complications. 

Inferior Vena Cava 

As with the aorta, the IVC may be evaluated with bright- 
blood and black-blood techniques [44, 45]. The IVC may 
be evaluated for the presence of thrombus, differentia- 
tion of blood from tumor thrombus, and in rare instances 



for the evaluation of primary tumors. In the vast major- 
ity of cases, an abdominal protocol employing precon- 
trast SGE and fat-suppressed 3D-GE and postgadolinium 
SGE and fat-suppressed SGE or 3D-GE images provides 
sufficient evaluation of the IVC for patient management. 
At least one sequence should be performed in the sagit- 
tal or coronal plane, such as gadolinium-enhanced SGE 
or, preferably, fat-suppressed SGE or 3D-GE images, 
because this permits direct visualization of the longitu- 
dinal extent of the IVC, which is ideal in examining for 
the extent of blood or tumor thrombus. Breath-hold 
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Fig. 10.15 Stenosis of the iliac arteries. Coronal 3D MIP 
reconstructions of gadolinium-enhanced 2-mm source images from 
abdominal (a) and pelvic (b) acquisitions demonstrate stenosis of 
the left common and left internal left iliac arteries. Note irregularity 
of the infrarenal abdominal aorta from atherosclerotic disease. 
Coronal gadolinium-enhanced 2-mm 3D gradient-echo source 
image (c) and 3D MIP reconstruction of the 3D gradient-echo 
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Fig. 10.15 (Continued) images id) in a second patient. 
There are bilateral stenoses of the common iliac arteries, more 
severe on the left. The source image better defines the severity of 
stenosis. Coronal gadolinium-enhanced 2-mm 3D gradient-echo 
source image (e) and 3D MIP reconstruction of the 3D gradient- 
echo images (/") in a third patient. Moderate stenosis at the bifurca- 
tion of the abdominal aorta is seen associated with severe stenosis 
at the origin of the right common iliac artery. There is a fusiform 
expansion of the right common iliac artery just distal to the ste- 
nosis, with another segment of severe stenosis more distal. Note 
also a moderate stenosis of the origin of the left common iliac 
artery, with a small saccular aneurysm (arrow, /). The source 
image (e) identifies the true extent of stenosis. 
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Fig. 10.16 Thrombotic occlusion of the infrarenal aorta. Transverse (a, b) and coronal (c) interstitial-phase gadolinium- 
enhanced SGE images. The lumen of the abdominal aorta demonstrates normal enhancement at the level of celiac axis origin (a). 
On the SGE image at a lower tomographic level (£>), lack of enhancement of the aortic lumen reflects thrombotic occlusion. The 
abrupt transition (arrows, c) of enhancing patent to low-signal-intensity thrombosed lumen is demonstrated on the coronal image. 
This patient was assessed for multifocal hepatocellular carcinoma, and a tumor nodule (open arrow, c) is demonstrated in the right 
lobe of the liver. Splenomegaly with varices (arrows, a, b) is also present in this patient because of portal hypertension secondary 
to alcoholic cirrhosis. Coronal MIP reconstruction of gadolinium-enhanced 2-mm source images (d), coronal interstitial-phase 
gadolinium-enhanced fat-suppressed SGE image (e), and sagittal multiplanar reconstruction of gadolinium-enhanced 2-mm source 
images (/") in a second patient with infrarenal aortic occlusion. Complete occlusion of the infrarenal aorta 1 cm below the level of 
the renal arteries is demonstrated on the coronal MIP image (d). The lumen of the aorta (small arrow, d) is reconstituted distally, 
through numerous retroperitoneal collateral vessels (arrows, d). The left common iliac artery is patent, whereas the right common 
iliac artery is occluded at its origin with reconstitution at the level of the distal external iliac artery (long arrow, d). Thrombus 
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Fig. 10.16 (Continued) (small arrows) in the infrarenal aorta and a large retroperitoneal collateral (arrow) are demonstrated 
on the interstitial-phase gadolinium-enhanced fat-suppressed SGE image (e) in a third patient. The sagittal 2-mm thin reconstruction 
(/") through the center of the aortic lumen clearly demonstrates the superior and inferior margins (arrows,/) of the near signal-void 
thrombus against the homogeneous high-signal-intensity gadolinium-enhanced patent lumen. The acquisition of a volume of 
data with thin sections permits excellent resolution for multiplanar reconstructions. Coronal gadolinium-enhanced 2-mm 3D 
gradient-echo source image (g), 3D MIP reconstruction of the 3D gradient-echo images (h), and transverse interstitial-phase 
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Fig. 10.16 (Continued) gadolinium-enhanced fat-suppressed SGE (i) images in a fourth patient also demonstrate complete 
aortic obstruction. Note the lack of enhancement of the distal abdominal aorta (/)• The MRA images demonstrate that the renal 
arteries are patent, there are two right renal arteries, and bilateral moderate renal artery stenosis is present. Transverse interstitial- 
phase gadolinium-enhanced fat-suppressed SGE (j, te) and coronal gadolinium-enhanced 2-mm 3D gradient-echo source (I) images 
in a fifth patient. Note the transition of opacified (/') to nonopacified (&) lumen on transverse images, which is clearly shown in 
the coronal plane. 




Fig. 10.17 Iliac artery thrombosis. Transverse (a) and 
coronal (£>) interstitial-phase gadolinium-enhanced fat-suppressed 
SGE images. The left external iliac artery is identified medial to 
the psoas muscle on the transverse image (a) and contains low- 
signal-intensity thrombus (arrow, a). The presence of intraluminal 
thrombus (arrows, b) is confirmed on the coronal image. 
Postgadolinium SGE images, acquired within 2 min after gadolin- 
ium injection and performed as part of routine abdominal and 
pelvic MR imaging protocols, provide a reproducible technique 
for the assessment of the patency of large and medium-sized 
arteries and veins. Coronal gadolinium-enhanced 2-mm 3D 
gradient-echo source image (c) and 3D MIP reconstruction of 
the 3D gradient-echo images id) in a second patient demonstrate 
distal abdominal aortic stenosis and occlusion of the left 
common iliac artery. Careful attention to the source images (c) 
reveals no contiguous distal opacification of the vessel. Coronal 
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Fig. 10.17 (Continued) gadolinium-enhanced 2-mm 3D 
gradient-echo source image (e), 3D MIP reconstruction of the 3D 
gradient-echo images (/"), and transverse interstitial-phase gadolin- 
ium-enhanced fat-suppressed SGE image (g) in a third patient 
show obstruction of the left common iliac artery. 



time-of-flight techniques are less effective at demon- 
strating slow flow than gadolinium-enhanced SGE and 
3D-GE techniques. Gadolinium-enhanced MRA of the 
IVC is not usually performed because preferential 
venous enhancement requires suppression of the arte- 
rial signal by presaturation pulses, which are not effec- 
tive at overcoming the extreme Tl shortening caused 
by gadolinium. Alternatively, when 3D venography-like 
MRA images are required to answer complicated clinical 
problems, immediate postgadolinium breath-hold 3D 
gradient-echo MRA techniques (e.g., breath-hold coronal 
3D FISP acquisition) may be performed during the 
simultaneous injection of gadolinium in peripheral veins 
of both legs. This technique provides thin (2 mm) slice 
resolution but is seldom needed in routine clinical prac- 
tice. There is also the theoretical risk of dislodgement 
of deep venous thrombi leading to pulmonary emboli, 
particularly in nonambulatory patients. 



Congenital Abnormalities 

Congenital abnormalities of the inferior vena cava and 
related veins are common [44-48]. The most common 
venous anomalies are those of the left renal vein. 
Retroaortic left renal vein is the most common (fig. 
10.22) [46-48], with other anomalies such as circumaor- 
tic left renal vein (fig. 10.23) being less common. A 
combination of a black-blood technique (e.g., Tl- 
weighted spin-echo or SGE with inferior presaturation 
pulses) and a bright-blood technique (dynamic gado- 
linium-enhanced SGE or, preferably, fat-suppressed 
SGE or 3D-GE imaging) is useful to determine whether 
rounded or tubular retroperitoneal structures are vascu- 
lar in nature [49]. Left-sided vena cava (fig. 10.24), 
duplicated vena cava (fig. 10.25), and IVC interruption 
with azygous/hemiazygous continuation are not uncom- 
mon anomalies that are well shown by MRI. Gadolinium 
enhancement is useful because in noncontrast images 
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Fig. 10.18 Aortobifemoral graft after surgery. A 3D MIP reconstruction of gadolinium-enhanced 2-mm source images (a) 
and transverse (b) and coronal (c) interstitial-phase gadolinium-enhanced fat-suppressed SGE images in a patient with Marfan syn- 
drome 1 month after surgery. The MIP image (a) demonstrates an abdominal aortic aneurysm with a maximal diameter of 4.5 cm 
at the level of the upper pole of the left kidney. More distally within the abdominal aorta, an aortoiliac graft is identified (small 
arrows, a). Irregularity of the luminal contour is noted distal to the graft because of atherosclerotic disease. The transverse 1-min 
postgadolinium fat-suppressed SGE image shows the patent lumens of the limbs of the graft (small arrows, b) surrounded by low- 
signal-intensity postoperative fluid contained within the wall (arrows, b) of the native aorta. The patency of the graft is also shown 
on the coronal interstitial-phase gadolinium-enhanced fat-suppressed SGE image (c). T2-weighted fat-suppressed SS-ETSE (d), 
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Fig. 10.18 (Continued) immediate postgadolinium SGE (e), 
and interstitial-phase gadolinium-enhanced fat-suppressed SGE (/") 
images in a second patient, with recent history of aortobifemoral 
graft surgery, demonstrate the presence of perigraft fluid. A small 
pocket of fluid is noted along the incision margin of the aneurysm 
(arrow, d). Coronal immediate postgadolinium 2-mm 3D gradient- 
echo source image (g) and MIP reconstruction of the 2-mm 3D 
source images (h) demonstrate a normal appearance for the vas- 
cular graft. 





Fig. 10.19 Infected aortobifemoral graft. T2-weighted spin- 
echo (a) and gadolinium-enhanced Tl -weighted fat-suppressed 
spin-echo (b, c) images. High-signal-intensity fluid (white arrows, 
a) is demonstrated on the T2-weighted image (a) surrounding the 
wall of the infected graft. The subcutaneous fat in the groins and 
anterior abdominal wall is heterogeneously high in signal intensity, 
reflecting the presence of inflammation, and bilateral enlarged 
inguinal lymph nodes (black arrows, a) are noted. Intense enhance- 
ment of the surrounding soft tissue and the walls of the grafts 
(black arrows, b) as well as the walls of the common femoral veins 
(white arrows, b) is demonstrated on gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo images, reflecting severe inflam- 
matory changes. 




Fig. 10.20 Endovascular graft. Coronal 3D MIP reconstruc- 
tion of gadolinium-enhanced 2-mm source images demonstrates 
an abdominal aortic aneurysm and the presence of a patent endo- 
vascular stent graft. 
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Fig. 10.21 Vascular graft to branch vessel. Sagittal 3D MIP 

reconstruction of gadolinium-enhanced 2-mm source images in a 
patient with thoracic aortic grafts, one to the celiac axis (long 
arrow) and another to the SMA (short arrow). The SMA distal to 
the graft is patent. The splenic artery distal to the celiac graft is 
thrombosed (curved arrow, a). Transverse Tl -weighted out-of- 
phase 2D-GE image (b) and coronal 3D MIP reconstruction MRA 
image (c) demonstrate the presence of endovascular aortic stent- 
graft extending into the common iliac arteries in another patient 
with abdominal aortic aneurysm. 



Fig. 10.22 Retroaortic left renal vein. Immediate post- 
gadolinium SGE image demonstrates a retroaortic left renal vein 
entering the IVC. 







Fig. 10.23 Circumaortic left renal vein. Immediate postgadolinium SGE image clearly defines both limbs of the circumaortic 
left renal vein with their entry into the IVC (a). Transverse (b, c) and coronal (d) Tl -weighted postgadolinium interstitial phase 
fat-suppressed 3D-GE images demonstrate circumferential left renal vein in another patient. The left renal vein bifurcates and its 
posterior limb (white thick arrows; b-d) course inferiorly and turn right to drain into the IVC. The anterior limb (white thin arrows; 
b) directly continues its horizontal course to drain to the IVC. The left gonadal vein (arrowhead; d) also drains into the posterior 
limb of the left renal vein. The limbs of the circumferential left renal vein more commonly drain into the IVC at different levels. 
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Fig. 10.24 Left-sided IVC. Transverse 90-s postgadolinium fat-suppressed SGE images at different tomographic levels (a-d). 
A right-sided suprarenal IVC is demonstrated on the most cranial image (arrow, a). At the level of the renal veins, the IVC (arrow, 
b) crosses over the aorta to the left and the infrarenal IVC (arrow, c, d) is left-sided (c). An aortic dissection is also present with 
the intimal flap (small arrow, d) shown in the contrast-enhanced aortic lumen. 



duplicated IVC, thrombophlebitis of the left-sided IVC, 
and existing retroperitoneal collateral vessels may mimic 
retroperitoneal lymphadenopathy [50]. 

Venous Thrombosis 

MRI performs well in evaluating IVC thrombosis [51, 
52] and distinguishing tumor from blood thrombus. 
Gadolinium-enhanced SGE or fat-suppressed SGE or 
3D-GE images are useful for these determinations. Tumor 
thrombus enhances, whereas blood (also termed bland) 
thrombus does not enhance with contrast (figs. 10.26 and 
10.27) [53]. Signal intensity measurements of thrombus 
before and after gadolinium administration may be nec- 
essary because blood thrombus, which is subacute or 
responding to anticoagulant therapy, may be high in 
signal intensity on precontrast images. Lack of increase 
in signal intensity on postcontrast images would confirm 
the blood nature of the thrombus. Flow-sensitive 



gradient-echo techniques with a lower flip angle (30- 
45 °) may distinguish tumor from blood thrombus. Tumor 
thrombus is intermediate (soft tissue) in signal intensity 
on these sequences, whereas blood thrombus is gener- 
ally very low in signal intensity [54]. Blood thrombus 
frequently exists at the tail of tumor thrombus (fig. 10.28), 
and the two components can be distinguished readily on 
postgadolinium SGE and fat-suppressed SGE or 3D-GE 
images. Evaluation of the degree of expansion of the IVC 
is also contributory, as pronounced expansion of the 
lumen is characteristic of tumor thrombus but atypical of 
blood thrombus. MRI, because of its higher soft tissue 
contrast resolution, is superior to CT imaging in determin- 
ing the presence and extent of tumor thrombus. MRI 
outperforms CT imaging in detecting the extension of 
tumor thrombus supradiaphragmatically into the right 
atrium. This is an important evaluation in the preopera- 
tive setting, as supradiaphragmatic thrombus requires 
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combined thoracoabdominal surgery, whereas tumor 
thrombus with superior extension that ends below the 
hepatic veins may require only an abdominal approach. 
In cases of chronic venous thrombosis the affected 
vessel may not be identified if the thrombus is orga- 



nized and the vein is highly contracted. In these cases 
careful evaluation may reveal the absence of a vein in 
its expected location in combination with the presence 
of collateral vessel networks (fig. 10.29). IVC filters can 
be recognized by the symmetric arrangement of their 




Fig. 10.25 Duplicated IVC. Noncontrast fat-suppressed 
SGE (a), immediate postgadolinium (£>), and interstitial-phase 
gadolinium-enhanced SGE (c) images in a patient with duplicated 
IVC. The noncontrast Tl -weighted image shows high-signal time- 
of-flight effects in venous structures on the inferior sections of 
the data acquisition. The bilateral IVCs (arrows, a) are clearly 
appreciated with the time-of-flight effects. The capillary-phase 
image (b) shows lack of enhancement of the IVCs early after 
contrast, which then become opacified on the interstitial-phase 
image (c). Combining morphologic and directional flow informa- 
tion on the precontrast images with dynamic temporal flow infor- 
mation on serial postgadolinium SGE images permits evaluation 
of congenital vascular variations and malformations. 






Fig. 10.26 IVC thrombosis. Transverse 45-s (a) and sagittal 90-s (b) postgadolinium SGE images. Bland thrombus (arrow, a, 
b) appears nearly signal void on gadolinium-enhanced SGE images. The 45-s postgadolinium SGE image (c) in a second patient 
demonstrates low- to intermediate-signal-intensity thrombus (arrow, c) attached to the posterior wall of the IVC. The combination 
of intense enhancement of the IVC on gadolinium-enhanced SGE images with multiplanar imaging makes MRI an excellent, 
minimally invasive modality for the assessment of venous thrombosis. Gadolinium-enhanced interstitial-phase SGE images id, e) 






Fig. 10.26 (Continued) in a third patient show a nonocclusive low-signal-intensity structure (arrows, d, e) within the lumen 
of the intrahepatic IVC consistent with thrombus. Imaging in two planes is useful to verify patency or thrombosis of vessels. 3D 
MIP reconstruction image (/") of a set of venous-phase postgadolinium coronal breath-hold 3D-GE MRA sections in another patient 
with chronic IVC thrombosis demonstrate abrupt cutoff (arrow, /) of IVC proximal to its bifurcation. The presence of extensive 
venous collaterals and recanalization in the IVC indicates the chronic nature of IVC thrombosis. Tl -weighted postgadolinium fat- 
suppressed SGE images (g, h) demonstrate the absence of intrahepatic IVC (arrow, h) in combination with the presence of dilated 
azygos and hemiazygos veins and venous collaterals (arrows, g, h) located in the abdominal wall and paraspinal region in another 
patient with chronic venous thrombosis. 
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Fig. 10.27 Venous thrombosis. Sagittal (a) and transverse (b) interstitial-phase gadolinium-enhanced fat-suppressed SGE 
images demonstrate nonenhancing very low-signal-intensity tissue (arrows, a, b) within the lumen of the left external iliac vein 
consistent with venous thrombus. Transverse interstitial-phase gadolinium-enhanced fat-suppressed SGE images (c, d) in a second 
patient show the same finding within the right iliac vein (arrows, c, d). 



elements and the magnetic susceptibility artifact on SGE 
or 3D-GE images (fig. 10.30). 

In a fashion similar to that of IVC evaluation, MRI is 
effective at demonstrating renal and gonadal veins as well 
as retroperitoneal collaterals in cases of venous thrombo- 
sis (fig. 10.31) [45]. Compression of the left renal vein 
between the aorta and superior mesenteric artery may 
result in the "nutcracker syndrome," and when a pressure 
gradient is present, it may occasionally lead to develop- 
ment of varicocele, ovarian vein or pelviureteral varices, 
hematuria, and flank pain [55]. Thrombosed, enlarged 
retroperitoneal collateral veins may mimic lymphadenop- 
athy on imaging studies [50]. In these cases, careful visual 
assessment of the course of the structures on transverse 
images may indicate the vascular nature of the masses 
[50]. Direct coronal or sagittal imaging is also helpful 
because these planes demonstrate the tubular shape of 



these vessels. Gadolinium-enhanced fat-suppressed SGE 
or 3D-GE images provide a definitive answer because 
they demonstrate lack of enhancement in thrombosed 
vessels compared to moderate enhancement of lymph 
nodes. Gonadal veins may be enlarged in cases of vari- 
coceles in men and varices of the ovarian venous plexus 
in women (fig. 10.32). Early retrograde filling of a large 
and/or tortuous gonadal vein may be demonstrated on 
immediate postgadolinium SGE and 3D-GE images or 
arterial-phase bolus-enhanced 3D gradient-echo MRA 
images (see fig. 10.32). Markedly enlarged ovarian veins 
are commonly encountered during pregnancy because of 
compression by the pregnant uterus and increased venous 
flow (fig. 10.33). Thrombosis of the ovarian veins may 
complicate puerperal infection and is readily detected 
on gadolinium-enhanced fat-suppressed SGE or 3D-GE 
images. Congenital abnormalities of lymphatic channels 
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Fig. 10.28 Tumor and blood thrombus. Immediate postg- 
adolinium SGE images (a, b). A large hypervascular renal cell 
carcinoma is present in the right kidney. Extension into the inferior 
vena cava is depicted on the higher tomographic level image (a), 
with tumor thrombus (long arrow, a) demonstrating heteroge- 
neous enhancement. The SGE image at a lower tomographic level 
demonstrates blood thrombus (long arrow, b) to be nearly signal 
void. MRI using postgadolinium SGE images can reliably differenti- 
ate tumor from bland thrombus. Interstitial-phase gadolinium- 
enhanced SGE image (c) in a second patient shows a renal cell 
carcinoma with enhancing tumor thrombus (long arrows, c) and 
signal-void blood thrombus (arrow, c) extending distally to the left 
common iliac vein. Multiple hepatic metastases (small arrows, c) 
and a renal transplant (open arrow, c) are also noted. Coronal 
T2-weighted single-shot echo-train spin-echo (d), transverse T2- 
weighted fat-suppressed single-shot echo-train spin-echo (e), 
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Fig. 10.28 (Continued) and coronal (/") and transverse (g) Tl-weighted postgadolinium interstitial-phase fat-suppressed 3D-GE 
images at 30 T demonstrate diffuse hepatocellular carcinoma (HCC) in another patient. Diffuse HCC mainly involves the left lobe 
of the liver. The left lobe is irregularly enlarged and shows heterogeneous enhancement on postgadolinium image (/"). The tumor 
also causes IVC thrombosis extending into right atrium (white long arrows, d-g). Thrombus shows enhancement due to its tumoral 
content. The invasion of portal vein (black arrow, /) by the tumor is detected. There is a small metastasis (short arrow, g) from 
HCC in the right lung. Note the presence of ascites (a, d, e). Coronal T2-weighted single-shot echo-train spin-echo (h) and coronal 
postgadolinium magnetization-prepared rapid gradient-echo (i) images demonstrate diffuse HCC (black arrows, h, i) in another 
patient. Diffuse HCC causes tumor thrombus (white thin arrows, i) and bland thrombus (white thick arrow, /)■ The tumor thrombus 
extends into the right atrium and right hepatic vein and shows enhancement. The bland thrombus does not show any enhance- 
ment. Note that there is a lung metastasis (open arrow, h, f) from HCC in the left lung. T2-weighted fat-suppressed echo-train 
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Fig. 10.28 (Continued) spin-echo (/'), Tl-weighted in-phase SGE (&), Tl-weighted postgadolinium hepatic arterial dominant- 
phase SGE (/), and Tl-weighted postgadolinium hepatic venous-phase fat-suppressed 3D-GE (m) images demonstrate the tumor 
thrombus in the IVC developing secondary to adrenocortical carcinoma in another patient. The thrombus is heterogeneous on 
precontrast images (j, k) and shows heterogeneous enhancement on postgadolinium images (/, m). 





Fig. 10.29 Chronic venous thrombosis. Interstitial-phase gadolinium-enhanced fat-suppressed SGE images at superior (a) 
and more inferior (b) tomographic levels. At the level of the midpelvis, only the left external iliac artery (arrow, d) is identified, 
whereas the chronically thrombosed left external iliac vein appears as linear nonenhancing tissue immediately posterior to the 
artery. A collateral enhancing vessel (arrow, b) is noted, reconstituting the left common femoral vein at a lower tomographic level 
(b). SGE images obtained from 45 s to 2min after gadolinium administration provide reproducible uniform intense enhancement 
of normal veins, rendering this technique sensitive to the presence of thrombus even in medium- and small-diameter vessels. Imaging 
within 40 s permits evaluation of arteries, often without the presence of contrast in veins. 
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Fig. 10.30 IVC filter. A 45-s postgadolinium SGE image 
demonstrates a Gianturco IVC filter (arrow) in the inferior vena 
cava. The filter is readily recognized by the magnetic suscepti- 
bility effect and the symmetric configuration of its pedicles. 





Fig. 10.31 Bilateral renal vein partial thrombosis. 

Coronal MRA shows filling defects in both renal veins partially 
occluding the lumen, with contrast seen passing around the 
defects, in keeping with nonocclusive thrombus. 



Fig. 10.32 Dilated gonadal vein. Transverse 90s postg- 
adolinium SGE images at superior (a) and more inferior (b) 
tomographic levels. A dilated right gonadal vein is demon- 
strated at its drainage into the IVC (arrow, a). At the lower 
tomographic level, the enhancing vessel (arrow, b) follows a 
serpiginous course. Low-signal-intensity ascites with centrally 
displaced bowel loops is also identified. Tl-weighted postgado- 
linium interstitial-phase fat-suppressed 3D-GE image (c) at 3.0 
T in another patient demonstrates dilated ovarian venous 
plexus (arrow) in another patient. 
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Fig. 10.33 Dilated ovarian veins during pregnancy. Interstitial-phase gadolinium-enhanced SGE (a) and fat-suppressed SGE 
(b) images in a pregnant woman. The inferior vena cava is compressed by the pregnant uterus, and the ovarian veins (arrows, a, 
b) are enlarged, more prominent on the right. The patient was scanned for evaluation of persistent right flank pain, and her pain 
was attributed to the venous engorgement. 





Fig. 10.34 Dilated cysterna chyli. Coronal (a) and transverse (b) SS-ETSE images demonstrate multiple tortuous dilated tubular 
structures (arrows, a, b) that do not conform to arteries or veins and are situated in the location of the cysterna chyli. 



are relatively rare. Dilatation of the cisterna chyli is one 
example (fig. 10.34). Lymphangioma and lymphangioma/ 
hemangioma are described below. Postsurgical changes 
of lymphatic obstruction or lymphoceles are not uncom- 
mon complications, which usually do not have long-term 
morbidity complications. 

Primary Malignant Tumors 

Primary malignant tumors of the IVC are rare. The most 
common histologic type is leiomyosarcoma, followed 
by angiosarcoma [56]. In a review of leiomyosarcomas 
of the retroperitoneum and IVC, leiomyosarcomas 



involving the IVC have been classified as Pattern 2 
when completely intraluminal and Pattern 3 in cases of 
combined extraluminal and intraluminal components, 
which comprise 5% and 33%, respectively, of the total 
cases [16]. Pattern 1 has no major IVC components and 
is discussed below in the primary retroperitoneal neo- 
plasm subsection. These tumors are frequently large 
at presentation (fig. 10.35) but tend to present earlier 
than their completely extraluminal counterparts, because 
of symptoms related to obstruction of the IVC. Signal 
intensity of these tumors is moderately low on Tl- 
weighted images and mixed moderate to high on 




Fig. 10.35 Leiomyosarcoma of the IVC. Coronal (a) and 
transverse (b) T2-weighted single-shot echo-train spin-echo, Tl- 
weighted in-phase (c) and out-of-phase id) SGE, and Tl -weighted 
postgadolinium hepatic arterial dominant-phase (e) and hepatic 
venous-phase (/") fat-suppressed 3D-GE images demonstrate leio- 
myosarcoma (black arrows, a-f) originating from the IVC. The 
IVC (white arrows, a-f) is compressed and displaced laterally. 
The tumor originates from the medial side of the IVC and extend 
into the lumen (white arrows, a, c-f). The tumor displaces the 
main portal vein anteriorly as well. It has central necrosis seen as 
high-signal-intensity region on T2-weighted images. The tumor 
shows high signal on T2-weighted images, low signal on Tl- 
weighted precontrast images, and heterogeneous progressive 
enhancement on postgadolinium images. Note that there is a liver 
metastasis (open arrows, a-f) enhancing heterogeneously in 
the liver. T2-weighted fat-suppressed SS-ETSE (g), immediate 
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Fig. 10.35 (Continued) postgadolinium SGE (h), and interstitial-phase gadolinium-enhanced fat-suppressed SGE (i) images in 
a second patient. The IVC is enlarged by the presence of a mass that is hypointense on the T2-weighted image (g) and enhances 
heterogeneously on early (arrow, h) and late postgadolinium images. Note also the presence of hydronephrosis of the right kidney, 
secondary to ureteral involvement by the mass. Coronal T2-weighted single-shot echo-train spin-echo (/'), Tl-weighted out-of-phase 
(&), Tl-weighted postgadolinium hepatic arterial dominant-phase SGE (/), and Tl-weighted postgadolinium hepatic venous-phase 
fat-suppressed 3D-GE (m) images demonstrate leiomyosarcoma originating from IVC in another patient. IVC (arrows, j-l) is com- 
pressed and displaced laterally by the tumor. The tumor originates from the medial aspect of IVC. The IVC is partly signal void on 
precontrast images; however, the lateral wall of IVC shows thickening and prominent enhancement on postgadolinium images, 
suggesting the invasion of the lateral wall (arrow, /). 
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T2-weighted images. Areas of intermixed tumor and 
blood thrombus may have bright signal intensity on the 
Tl -weighted images, a finding accentuated on fat- 
suppressed images (fig. 10.36). These tumors, which are 
usually hypervascular, demonstrate intense heteroge- 
neous enhancement on gadolinium-enhanced images 
[57]. Bright-blood MRI techniques are useful for dem- 
onstrating IVC patency and extent of tumor [57]. 
Gadolinium-enhanced 3D MRA may demonstrate the 
extent of tumor well with MIP reconstructions. On occa- 
sion, it may be difficult to distinguish neoplasms, with 
completely intraluminal growth, from tumor thrombus. 
Expansion of the IVC and enhancement on postgado- 
linium SGE or 3D-GE images are features favoring neo- 
plasm and tumor thrombus. In rare cases of hypovascular 
neoplasms (e.g., malignant fibrous histiocytoma), IVC 
expansion and demonstration of arterial feeders on 
immediate postgadolinium SGE or 3D-GE images may 
help to distinguish the neoplasm from blood thrombus 
(fig. 10.36) [57]. In rare instances, leiomyosarcomas 
originating in the renal veins may extend intraluminally 
into the IVC, and they may appear as tumors in the 
medial portion of the kidney with tumor thrombus in 
the renal vein and IVC [58]. 



RETROPERITONEAL MASSES 

Benign Masses 

Retroperitoneal Fibrosis 

Retroperitoneal fibrosis is most frequently an idiopathic 
disease [2]. Benign retroperitoneal fibrosis also may 
arise secondary to certain drugs (classically methyser- 
gide), inflammatory aortic aneurysm, retroperitoneal 
hemorrhage, infection, surgery, or radiation therapy 
[59]. Idiopathic retroperitoneal fibrosis is considered 
part of a more extensive systemic fibrotic disorder 
related to mediastinal fibrosis, sclerosing cholangitis, 
Riedel thyroiditis, orbital and sinus pseudotumors [60, 
61], and pulmonary hyalinizing granulomas [62, 63]. 

The most important differential diagnosis is between 
idiopathic benign and malignant retroperitoneal fibrosis, 
particularly as malignant neoplasms may coexist with 
benign retroperitoneal fibrosis [64]. Retroperitoneal 
fibrosis most commonly appears as oval-shaped tissue 
that encases the aorta. The extent of disease may vary 
from a focal region of fibrosis to dense infiltration of 
the retroperitoneum encasing the aorta, inferior vena 
cava (IVC), and ureters. The disease in its acute stage 
may present as a focal unilateral mass in the region of 
the common iliac vessels. Over time, fibrosis extends 
superiorly in the retroperitoneum along the major 
vessels. In rare instances, thrombosis of the iliac veins 
[65] and portal vein [66] may be encountered. In the 



majority of cases the fibrous tissue is located around 
the abdominal aorta below the level of the renal vessels. 
A feature distinguishing retroperitoneal fibrosis from 
retroperitoneal malignant adenopathy and lymphomas 
is that the fibrous tissue envelopes the aorta, IVC, and 
ureters but does not displace the aorta substantially 
anteriorly. Lymph nodes have a rounded, nodular 
configuration of retroperitoneal masses, whereas retro- 
peritoneal fibrosis has a more platelike, curvilinear 
morphology. 

Early reports suggested that MRI might be able to 
distinguish benign from malignant retroperitoneal fibro- 
sis [59, 67]. Acute benign retroperitoneal fibrosis may, 
however, resemble malignant retroperitoneal fibrosis 
because both may enhance substantially with contrast 
and may be high in signal intensity on T2-weighted 
sequences (fig. 10.37) [68-70]. This enhancement pattern 
is due to the extensive capillary network of acute benign 
granulation tissue comparable to that in the postopera- 
tive spine [71]. Morphologically, acute benign retroperi- 
toneal fibrosis has very infiltrative margins and may be 
very extensive throughout the retroperitoneum. Over 
time, the margins of benign retroperitoneal fibrosis 
become better defined and the tissue becomes more 
confluent and contracted around the aorta, IVC, and 
ureters. Eventually, the granulation tissue alters to a 
more collagenous fibrotic form after approximately 1 
year of development. During the course of maturation, 
signal intensity on T2-weighted images decreases, 
enhancement on immediate postgadolinium SGE images 
decreases, and the pattern of enhancement appears as 
a delayed, progressive increase in signal intensity (fig. 
10.38). Granulation tissue on T2- weighted images gen- 
erally shows decrease in signal intensity after approxi- 
mately 1 year. Interstitial-phase gadolinium-enhanced 
fat-suppressed SGE or 3D-GE images may show 
enhancement of fibrous tissue for approximately 1.5 
year from onset. Mature chronic benign retroperitoneal 
fibrosis is low in signal intensity on T2-weighted images 
and demonstrates negligible contrast enhancement, 
facilitating differentiation from malignancy. Imaging 
findings that may favor benign fibrosis include a well- 
marginated mass with smooth borders and a decrease 
in size and/or progressive smoothing of the borders on 
follow-up examinations. 

Benign Retroperitoneal Neoplasms 

Benign retroperitoneal tumors are rare [72]. Therefore, 
any retroperitoneal tumor should initially be considered 
malignant. Retroperitoneal neurilemmoma may have 
characteristic high signal intensity on T2-weighted 
images [73]. Retroperitoneal plexiform neurofibromas 
are usually bilateral [74], slightly higher in signal intensity 
than muscles on Tl -weighted images, and high in signal 
intensity on T2-weighted images [75-77] (fig. 10.39). 







Fig. 10.56 Primary malignant fibrous histiocytoma of the IVC. Sagittal Tl-weighted fat-suppressed spin-echo (a), T2- 
weighted spin-echo (£>), sagittal gradient-refocused (time-of-flight) SGE (c), immediate id) and 90-s (e) postgadolinium SGE, and 
transverse gadolinium-enhanced Tl-weighted fat-suppressed spin-echo (/") images. The tumor (arrows, b) is heterogeneous in signal 
intensity on the Tl (a)- and T2 (£>)-weighted images and contains areas of high signal intensity on the Tl-weighted fat-suppressed 
spin-echo image (a), reflecting the presence of subacute methemoglobin in the thrombus. The neoplasm expands the IVC but is 
contained within the vessel lumen, which is consistent with its primary origin from the vessel wall. The superior extent of the 
neoplasm (small arrows) is clearly depicted at the level of the intrahepatic IVC, the patent portion of which is high in signal on 
the flow-sensitive gradient-refocused SGE image (c). Feeding arterioles (small arrows) within the tumor are demonstrated as tubular 
enhancing structures on the immediate postgadolinium SGE image (d).The neoplasm enhances minimally in a heterogeneous 
fashion on the immediate id) and 90-s (e) postgadolinium SGE images, reflecting its hypovascular nature. Progressive enhancement 
is noted on the more delayed Tl-weighted fat-suppressed spin-echo image (/"), which is consistent with delayed enhancement of 
fibrotic tumor components. The superior extension of tumor thrombus in the IVC is important for surgical planning because the 
demonstration of supradiaphragmatic extension requires a combined abdominothoracic surgical approach. Sagittal images are 
superior to transverse sections for demonstrating the craniocaudal extent and defining the superior border of tumor thrombus in 
the IVC. 
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Fig. 10.37 Acute benign retroperitoneal fibrosis. Tl-weighted fat-suppressed spin-echo (a), T2-weighted spin-echo (T2-SE) 
(£>), immediate postgadolinium SGE (c), and delayed postgadolinium Tl-weighted fat-suppressed spin-echo id) images. The aorta, 
IVC, renal arteries, and ureters are encased by soft tissue (arrows, a), which is low in signal intensity on Tl-weighted (a) and het- 
erogeneously high in signal intensity on T2-weighted (b) images and has ill-defined margins. There is bilateral hydronephrosis and 
ureteral dilatation (b) caused by ureteral obstruction at a lower level. The fibrous tissue demonstrates heterogeneous enhancement 
on the immediate postgadolinium SGE image (c), which progresses on the more delayed Tl-weighted fat-suppressed spin-echo 
image (d). Precontrast Tl-weighted fat-suppressed spin-echo (e), immediate postgadolinium SGE (/"), and gadolinium-enhanced 
Tl-weighted fat-suppressed spin-echo (g) images in a second patient with biopsy-proven membranous glomerulonephritis and 
benign retroperitoneal fibrosis. Ill-defined extensive infiltrative soft tissue is present in the retroperitoneum. The fibrous tissue is 
low signal on the precontrast Tl-weighted image (e), demonstrates moderate heterogeneous enhancement on the immediate post- 
gadolinium image (/"), and is more conspicuous on the gadolinium-enhanced Tl-weighted fat-suppressed spin-echo image (g) 
because of the removal of the competing high signal intensity of the fat and progressive enhancement of the fibrous tissue. 
Corticomedullary differentiation is absent in both kidneys on the precontrast Tl-weighted fat-suppressed spin-echo image (e) 
because of elevated serum creatinine level. Corticomedullary differentiation, however, is present on the immediate postgadolinium 
SGE image (/"), reflecting some preservation of renal function. Increased medullary enhancement is shown in both kidneys on 
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Fig. 10.37 (Continued) the gadolinium-enhanced Tl-weighted 
fat-suppressed spin-echo image (g), reflecting tubulointerstitial 
damage. 





Fig. 10.38 Chronic benign retroperitoneal fibrosis. SGE (a) and interstitial-phase gadolinium-enhanced fat-suppressed 
spin-echo (b) images. Low-signal intensity oval-shaped tissue surrounds the aorta. The fibrous tissue has well-defined margins and 
shows minimal enhancement on the gadolinium-enhanced Tl-weighted fat-suppressed spin-echo image (b), findings that are typical 
of mature fibrous tissue. SGE (c), T2-weighted echo-train spin-echo (d), arterial-phase (e) and capillary-phase (/") postgadolinium 
SGE, and 90-s postgadolinium fat-suppressed SGE (g) images in a second patient. The fibrotic tissue is oval-shaped with well-defined 
margins and encases the aorta. Note that, despite its size, the tissue does not substantially displace the aorta anteriorly. The fibrotic 
tissue is low in signal intensity on the Tl-weighted image (c) and heterogeneously low with focal areas of high signal intensity on 
the T2-weighted image (d), demonstrates minimal enhancement on the arterial-phase (e) and capillary-phase (/") postgadolinium 
SGE images, and enhances moderately on the more delayed fat-suppressed SGE (g) image. Delayed enhancement is characteristic 
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Fig. 10.38 (Continued) of relatively mature fibrous tissue. Greater enhancement of the fibrotic tissue in the second patient 
reflects a more active stage in the transition between acute and chronic fibrosis than in the first patient. The pyelocalyceal system 
of the left kidney is dilated because of concomitant ureteral obstruction. T2-weighted echo-train spin-echo (h), immediate post- 
gadolinium SGE (i), and interstitial-phase gadolinium-enhanced fat-suppressed SGE (j) images in a third patient. Again noted is rela- 
tively well-marginated oval tissue encasing the aorta, IVC, and both ureters. The fibrous tissue is heterogeneously low in signal 
intensity on the T2-weighted image (h) and demonstrates minimal enhancement on the immediate postgadolinium SGE image (i), 
progressing to moderate enhancement on the interstitial-phase gadolinium-enhanced fat-suppressed SGE image (/'), indicating mature 
fibrous tissue. Bilateral ureteral obstruction with hydronephrosis is present and signal-void ureteral stents (arrows) are demonstrated 
in both ureters on the T2-weighted image (Z?).The majority of the fibrous tissue is located anterior to the aorta and IVC, and these 
vessels are not displaced substantially anteriorly. 
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Fig. 10.39 Benign retroperitoneal tumors. Transverse (a) and sagittal (b) 512-resolution T2-weighted echo-train spin-echo 
images in a patient with plexiform neurofibroma of the pelvis and neurofibromatosis type 1 . The plexiform neurofibroma appears 
as a large heterogeneous mass that occupies the majority of the left posterior pelvis and infiltrates the left gluteus maximus and 
pyriformis muscles. Extension into the sacral neural foramina is present (arrows, b). Tl-weighted spin-echo (c) and T2-weighted 
spin-echo id) images in a second patient demonstrate an extensive plexiform neurofibroma in the right subcutaneous tissues that 
is low in signal intensity on the Tl-weighted image (c) and high in signal intensity on the T2-weighted image id). The tumors are 
high in signal intensity on the T2-weighted images in both patients, which is characteristic for tumors of neural origin. SGE (e), 
T2-weighted fat-suppressed echo-train spin-echo if), and immediate postgadolinium SGE ig) images in a patient with inflammatory 
pseudotumor arising from the renal capsule. A large mass (mass = m, e) is noted posterior to the liver. The mass is well-marginated, 
heterogeneous, and low in signal intensity on the Tl-weighted image (e) and moderately high in signal on the T2-weighted image 
if) and demonstrates intense diffuse heterogeneous enhancement on the immediate postgadolinium SGE image. The posterior liver 
margin at the interface with the mass forms an obtuse angle consistent with an extrahepatic origin of the mass. The right kidney 
(not shown) was displaced but not invaded by the mass. Inflammatory pseudotumor may have an aggressive appearance that mimics 
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Fig. 10.39 (Continued) the appearance of a malignant 
tumor. Coronal T2-weighted single-shot echo-train spin-echo (h) 
and Tl-weighted postgadolinium fat-suppressed interstitial-phase 
SGE (i, 7) images demonstrate multiple neurofibromas (arrows, 
h-f) in another patient with neurofibromatosis. Neurofibromas 
(arrows, h-j) demonstrate markedly high signal on T2-weighted 
image and prominent enhancement on postgadolinium images 
(/, j") Transverse Tl-weighted SGE (&), sagittal T2-weighted high- 
resolution fast spin-echo (/), transverse Tl-weighted postgadolin- 
ium hepatic arterial dominant-phase SGE (rn), and transverse 
Tl-weighted postgadolinium fat-suppressed 3D-GE (n) images 
demonstrate a large pedunculated paraspinal neurogenic tumor 
extending into the dilated neural foramen (arrows, k-n) in another 
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Fig. 10.39 (Continued) patient. Right psoas muscle is displaced laterally because of mass effect. The tumor shows heteroge- 
neous mildly high signal on T2-weighted image (/) and prominent enhancement on postgadolinium interstitial-phase image (n). 



Other rare neoplasms include paragangliomas, 
hemangiomas/lymphangiomas, and lipomas [72]. Para- 
gangliomas of Zuckerkandl's organ may be hormone 
secreting. Imaging follow-up after surgery is advisable 
because 30% of these tumors are malignant and show 
late manifestation of remote disease [78]. Inflammatory 
pseudotumor is a rare benign mass lesion that is mini- 
mally low in signal intensity on Tl -weighted images and 
heterogeneous and moderately high in signal intensity 
on T2-weighted images and demonstrates moderately 
intense diffuse heterogeneous enhancement on immedi- 
ate postgadolinium SGE or 3D-GE images. This appear- 
ance may mimic that of malignant tumors. 

Benign Lymphadenopathy 

Benign lymphadenopathy may occur secondary to 
inflammatory or infectious disease. Sequences suited for 
detection of lymph nodes include precontrast Tl- 



weighted SE or SGE, fat-suppressed T2-weighted spin- 
echo or echo-train spin-echo, and gadolinium-enhanced 
fat-suppressed SGE techniques (fig. 10.40). In each of 
these techniques, the signal difference between lymph 
nodes and background tissue is substantial. The enlarged 
lymph nodes appear low in signal on precontrast SGE 
in a background of high-signal fat, and nodes are 
moderately high in signal on fat-suppressed T2-weighted 
and gadolinium-enhanced Tl-weighted images, set in a 
background of low-signal suppressed fat. Fat-suppressed 
T2-weighted images are very sensitive for the detection 
of lymph nodes and exceed CT imaging, particularly in 
pediatric patients or patients with minimal retroperito- 
neal fat (fig. 10.41). Mycobacterium avium-intracellulare 
infection is not uncommon in immunocompromised 
patients and may exhibit enlarged lymph nodes and 
evidence of liver involvement (see fig. 10.41). Massive 
retroperitoneal adenopathy mimicking lymphoma may 
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Fig. 10.40 Benign retroperitoneal adenopathy. T2- 

weighted fat-suppressed spin-echo image (a) in a patient with 
sclerosing cholangitis demonstrates para-aortic (black arrow) and 
aortocaval (white arrow) lymphadenopathy. Enlarged lymph 
nodes are readily distinguished in a dark background. Periportal 
high signal intensity is also noted (small arrows). T2-weighted fat- 
suppressed image in a second patient (b) shows inflammatory 
portal (arrow) and portocaval (thin arrow) nodes as high-signal- 
intensity structures. Note also that the cortex of the kidneys (small 
arrows, b) in this patient with sickle cell anemia is low in signal 
intensity secondary to iron deposition. Transverse T2-weighted 
fat-suppressed SS-ETSE (c) and interstitial-phase gadolinium- 
enhanced fat-suppressed SGE id) images in a third patient demon- 
strate extensive retroperitoneal lymphadenopathy. These two 
sequences allow good distinction between low-signal background 
tissue and moderate-signal lymph nodes. Coronal SGE (e) image in 
a fourth patient shows multiple enlarged retroperitoneal lymph 
nodes that are low signal intensity compared to the background 
fat. The coronal plane is effective at showing rounded retroperi- 
toneal nodes, which are distinguishable from tubule-shaped 
vessels. 
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Fig. 10.41 Retroperitoneal lymphadenopathy from 
Mycobacterium avium intracellular in a 13-year-old 
female patient. T2-weighted fat-suppressed echo-train spin- 
echo image shows extensive para-aortic, aortocaval, paracaval, 
portocaval, and celiac lymphadenopathy (arrows). Retroperi- 
toneal lymph nodes are conspicuous on T2-weighted fat- 
suppressed images as high-signal-intensity masses, and this 
permits detection of small lymph nodes, which appear moder- 
ate signal in thin or pediatric patients, who have little retro- 
peritoneal fat. 




Fig. 10.42 Sarcoidosis. Coronal SGE image demonstrates 
diffuse mesenteric lymphadenopathy in a patient with 
sarcoidosis. 



be an uncommon manifestation of sarcoidosis (fig. 
10.42). Lymph nodes enhance with gadolinium and may 
have a speckled appearance on T2-weighted images 
[79, 80]. Substantial benign adenopathy resembling 



malignant disease may also be found in Castleman 
disease (fig. 10.43), also known as giant lymph node 
hyperplasia. The lymph nodes have a heterogeneous 
appearance on the MR images and may show increased 
vascularity of the adjacent fat [81]. Retroperitoneal ade- 
nopathy is commonly observed in Kawasaki disease, 
and involved lymph nodes are hemorrhagic, demon- 
strating characteristic high signal intensity on Tl- 
weighted images (fig. 10.44). 

Miscellaneous 

Masses of extramedullary hematopoiesis are more com- 
monly found in patients with hereditary hemolytic 
anemias, particularly thalassemia major, but may be 
encountered in chronic leukemias, polycythemia vera, 
and diseases with extensive bone marrow infiltration 
[82]. Common retroperitoneal locations are the retrocru- 
ral and presacral spaces. Occasionally, they have an 
aggressive appearance and may result in bone destruc- 
tion [82]. The masses are intermediate in signal intensity 
on Tl -weighted images and intermediate to moderately 
high in signal intensity on T2-weighted images and 
enhance moderately after gadolinium administration 
(fig. 10.45). 

Retroperitoneal hematomas may occur in patients 
with coagulation disorders or hemophilia and after renal 
biopsy (fig. 10.46). 

Malignant Masses 

Malignant Retroperitoneal Fibrosis 

Malignant retroperitoneal fibrosis is most commonly 
associated with cervical, bowel, breast, prostate, lung, 
and kidney cancers [59, 83]. The tumor consists of 
malignant cell infiltration of the retroperitoneum with 
associated desmoplastic reaction and encases the aorta, 
IVC, and ureters. The contour of the mass is not lobular, 
distinguishing malignant retroperitoneal fibrosis from 
adenopathy, and may be infiltrative and irregular (fig. 
10.47), a finding that favors malignant rather than 
benign retroperitoneal fibrosis. Ureteral obstruction 
with bilateral hydronephrosis is common. Malignant 
retroperitoneal fibrosis is usually moderately high in 
signal intensity on T2 -weighted images, exhibiting mod- 
erately intense enhancement with gadolinium [59, 67, 
68]. Malignant retroperitoneal fibrosis will usually dem- 
onstrate enhancement on immediate postgadolinium 
images. MRI can distinguish chronic benign from malig- 
nant retroperitoneal fibrosis, but distinction from acute 
benign retroperitoneal fibrosis is not always possible. 
Findings favoring malignancy include a more irregular 
contour and increase in size and irregularity on follow- 
up examinations. Acute benign retroperitoneal fibrosis 
has a wispier infiltrative pattern compared to malignant 
disease, which is more solid and irregular. Clinical 
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Fig. 10.43 Castleman disease. SGE (a), Tl-weighted fat-suppressed spin-echo (£>), and gadolinium-enhanced Tl-weighted 
fat-suppressed spin-echo (c) images. Enlarged retroperitoneal lymph nodes are present. The lymph nodes are low in signal intensity 
on the SGE image (a) and intermediate to moderate in signal intensity on the Tl-weighted fat-suppressed spin-echo image (£>), with 
several of them demonstrating substantial enhancement (arrows, c) on the gadolinium-enhanced image (c). Ill-defined stranding is 
also present in the retroperitoneum (a). (Reproduced with permission from Semelka RC, Shoenut JP, Kroeker MA: The retroperi- 
toneum and the abdominal wall. In Semelka RC, Shoenut JP (eds.), MRI of the Abdomen with CT Correlation. New York: Raven 
Press, p. 13-41, 1993.) Iodine-contrast enhanced spiral CT image (d) in a second patient demonstrates enlarged lymph nodes and 
ill-defined retroperitoneal tissue. Associated hydronephrosis is present because of entrapment of the ureters by strandy tissue. 
(Courtesy of Andrea Baur, M.D., Klinikum Grosshadern, University of Munich.) 



Fig. 10.44 Hemorrhagic lymph nodes in Kawasaki 
disease. Tl-SE image shows multiple retrocrural lymph nodes that 
are high in signal intensity because of the presence of subacute 
blood. (Reproduced with permission from Semelka RC, Shoenut 
JP, Kroeker MA: The retroperitoneum and the abdominal wall. In 
Semelka RC, Shoenut JP (eds.), MRI of the Abdomen with CT 
Correlation. New York: Raven Press, p. 13-41, 1993) 
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Fig. 10.45 Extramedullary hematopoiesis in thalassemia major. SGE (a) and immediate postgadolinium SGE (b) images. 
Soft tissue paravertebral masses in the lower thorax and abdomen are demonstrated. The hematopoietic masses are low in signal 
intensity on the SGE image (a) and demonstrate moderate enhancement on the immediate postgadolinium SGE image (£>). 
(Reproduced with permission from Semelka RC, Shoenut JP, Kroeker MA: The retroperitoneum and the abdominal wall. In Semelka 
RC, Shoenut JP (eds.), MRI of the Abdomen with CT Correlation. New York: Raven Press, p. 13-41, 1993) 





Fig. 10.46 Retroperitoneal hematoma. SGE (a), fat-suppressed 
Tl -weighted spin-echo (£>), and interstitial-phase gadolinium-enhanced 
SGE (c) images. A 7.5-cm well-defined hematoma (arrow, a) is noted 
along the anterior margin of the right psoas muscle. The periphery 
of the hematoma is hyperintense on the precontrast SGE image (a). 
The hyperintensity is markedly accentuated on the Tl -weighted fat- 
suppressed spin-echo image (£>), confirming that fat is not the cause 
of hyperintensity. A thin rim that is low in signal intensity on both 
Tl- and T2-weighted (not shown) images reflects the presence of 
hemosiderin and suggests chronicity of the hematoma. After gadolin- 
ium administration, no enhancing tissue components are identified in 
the hematoma (arrows, c), which excludes tumor as the cause. 
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Fig. 10.47 Malignant retroperitoneal fibrosis from cervical cancer. SGE (a), T2-weighted echo-train spin-echo (£>), and 
immediate postgadolinium SGE (c) images. The aorta is encased by abnormal soft tissue, which has slightly ill-defined margins. The 
soft tissue is low in signal intensity on the SGE image (a) and heterogeneous and moderate in signal intensity on the T2-weighted 
echo-train spin-echo image (b) and demonstrates diffuse heterogeneous enhancement after gadolinium administration (c). This 
appearance is compatible with active malignant rather than chronic benign retroperitoneal fibrosis. Note bilateral hydronephrosis 
resulting from ureteral obstruction at a lower level. SGE (d), immediate postgadolinium SGE (e), and postgadolinium Tl-weighted 
fat-suppressed spin-echo (/") images in a second patient with malignant retroperitoneal fibrosis. An oval-shaped mass encases the 
aorta. The mass is low in signal intensity on the SGE image id) and demonstrates moderate heterogeneous enhancement on 
the immediate postgadolinium image (e) that progresses on the postgadolinium Tl-weighted fat-suppressed spin-echo image (/"). 
The mass has aggressive infiltrating margins (arrows, /).The left perirenal fascia and perirenal septae are thickened (arrows, d) and 
demonstrate enhancement (arrows) on the gadolinium-enhanced Tl-weighted fat-suppressed spin-echo image if). Also noted is a 
dissection involving the abdominal aorta with good demonstration of the intimal flap (small arrow, e). T2-weighted single-shot 
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Fig. 10.47 (Continued) echo-train spin-echo (g) and Tl- 
weighted postgadolinium interstitial-phase fat-suppressed 3D-GE 
(h, f) images show infiltrative retroperitoneal tissue extending 
from the level of renal hilum to the pelvic inlet in another patient 
with malignant retroperitoneal fibrosis. The infiltrative tissue 
(arrows, g, h) show intermediate signal on T2-weighted image and 
prominent enhancement on postgadolinium image (h). The right 
ureter (open arrows, g, h) is dilated because of fibrosis. Infiltrative 
malignant tissue is also detected at the level of the kidneys (0, 
and the collecting systems of both kidneys are also dilated because 
of fibrosis. 



history is also helpful, as acute benign retroperitoneal 
fibrosis is often observed in younger patients (20-40 
years) with no pre-existent malignant disease and malig- 
nant retroperitoneal fibrosis is more commonly observed 
in older patients (>40 years). Indeterminate cases that 
have somewhat well-defined borders, high signal inten- 
sity on T2-weighted images, and increased enhance- 
ment on immediate postgadolinium SGE or 3D-GE 
images are findings that should be evaluated with 
caution. Biopsies from multiple sites should be obtained 
because benign retroperitoneal fibrosis may coexist 
with malignant neoplasms that are known to induce 
malignant retroperitoneal fibrosis [64]. 

Lymphoma 

Lymphoma is the most common retroperitoneal malig- 
nancy, and both Hodgkin and non-Hodgkin lymphomas 
may involve the retroperitoneum [84-88]. Non-Hodgkin 
lymphoma more commonly involves a variety of nodal 
groups (in particular, mesenteric nodes are involved in 
>50% of the cases) and extranodal sites [85]. Intra- 
abdominal Hodgkin lymphoma tends to be limited to 
the spleen and retroperitoneum, with spread of disease 
to contiguous nodes [84]. 



MRI performs well in the demonstration of enlarged 
lymph nodes (figs. 10.48-10.50) [88-90] and outper- 
forms CT imaging in evaluation of the upper abdominal 
para-aortic and porta hepatis regions and in thin patients 
[88]. Short tau inversion recovery (STIR), T2-weighted 
fat-suppressed spin-echo, and echo-train spin-echo 
techniques result in excellent conspicuity of moderately 
high-signal-intensity nodes in a suppressed background. 
The fat-suppressed single-shot echo-train spin-echo 
sequence may be used as an alternative in uncoopera- 
tive or pediatric patients, and results are generally good 
with this technique. Persistent tissue after therapy also 
may be better characterized by MRI as recurrent disease 
or fibrosis [84, 86, 91]. After approximately 1 year, 
fibrotic tissue is low in signal intensity on T2-weighted 
images, unlike recurrent disease, which is high or mixed 
high in signal intensity on T2-weighted images. Chronic 
fibrotic tissue will enhance minimally with gadolinium 
compared with the enhancement of persistent or recur- 
rent disease, which is moderate or marked and often 
heterogeneous. In rare instances, lymphoma may appear 
as a large solitary retroperitoneal mass (fig. 10.49) that 
mimics the appearance of a primary malignant retro- 
peritoneal tumor. 
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Fig. 10.48 Retroperitoneal lymphadenopathy from Hodgkin lymphoma. Gadolinium-enhanced Tl -weighted fat-sup- 
pressed spin-echo image (a) shows a 4-cm moderately enhancing lymphomatous nodal mass (arrows) in a left periaortic location 
at the level of the left renal hilum. (Reproduced with permission from Semelka RC, Shoenut JP, Kroeker MA: The retroperitoneum 
and the abdominal wall. In Semelka RC, Shoenut JP (eds.), MRI of the Abdomen with CT Correlation. New York: Raven Press, p. 
13-41, 1993.) Transverse fat-suppressed T2-weighted SS-ETSE (£>), coronal (c) and transverse (d) SGE, immediate postgadolinium 
SGE (e), and gadolinium-enhanced fat-suppressed SGE (/") images in a second patient with Hodgkin lymphoma. Extensive retroperi- 
toneal adenopathy is shown. 






Fig. 10.49 Non-Hodgkin lymphoma. Precontrast (a) and gadolinium-enhanced (b) Tl-weighted fat-suppressed spin-echo 
images in a patient with retroperitoneal lymphadenopathy from non-Hodgkin lymphoma. Extensive retroperitoneal and mesenteric 
lymphadenopathy is noted. The precontrast Tl-weighted fat-suppressed spin-echo image (a) permits distinction of the normal high- 
signal-intensity pancreas (short white arrow) from the retropancreatic nodal mass (long white arrow) and documents the extrapan- 
creatic location of the mass. The nodal masses show moderate to intense enhancement on the gadolinium-enhanced image (£>), 
whereas abnormal enhancement of the spleen (arrow, b) reflects lymphomatous infiltration. (Reproduced with permission from 
Semelka RC, Shoenut JP, Kroeker MA: The retroperitoneum and the abdominal wall. In Semelka RC, Shoenut JP (eds.), MRI of the 
Abdomen with CT Correlation. New York: Raven Press, p. 13-41, 1993) SGE (c), T2-weighted fat-suppressed echo-train spin-echo 
(d), coronal T2-weighted SS-ETSE (e), immediate postgadolinium SGE (/"), and transverse (g) and sagittal (h) interstitial-phase 
gadolinium-enhanced fat-suppressed SGE images in a patient with lymphoma presenting as a solitary retroperitoneal mass. A large, 
well-defined retroperitoneal mass is present. The mass is mildly heterogeneous and low in signal intensity on the Tl-weighted image 
(c) and moderately high signal intensity on the T2-weighted image (d). Thin septations (arrows, d, e) are present in the mass. 




Fig. 10.49 (Continued) The coronal T2-weighted SS-ETSE 
image demonstrates superior displacement and hydronephrosis of 
the left kidney secondary to ureteral compression caused by the 
mass. The lymphoma mass demonstrates mild to moderate diffuse 
heterogeneous enhancement on the immediate postgadolinium 
SGE image (/"), which becomes more homogeneous over time on 
the interstitial-phase fat-suppressed SGE image (g). Note that the 
internal septations (arrows, f, g) show minimal enhancement on 
the immediate postgadolinium SGE image (/") and show progres- 
sive enhancement on the more delayed fat-suppressed SGE images 
(g, h), consistent with fibrous tissue. The anteriorly displaced 
ureter is identified at the anterior margin of the mass on the 
interstitial-phase fat-suppressed SGE image (small arrow, g). Note 
that the sagittal image clearly demonstrates the fat plane between 
the kidney and the mass and depicts a segment of the anterosu- 
periorly displaced ureter (small arrow, h). A solitary mass lesion 
with no evidence of other sites of nodal or organ disease is a rare 
appearance for lymphoma. Coronal (1) and transverse (/') SGE and 
90-s gadolinium-enhanced fat-suppressed SGE (k) images. There is 
a large heterogeneous mass originating in the retroperitoneum on 
the left that extends from the celiac axis inferiorly to the aortic 
bifurcation. This mass is isointense on noncontrast Tl -weighted 
images (i,f) and enhances heterogeneously (&). The mass encases 
the left renal artery and vein, as well as the ureter, resulting in 
hydronephrosis. This pattern is the most common form of kidney 
involvement by lymphoma. The psoas muscle is also compressed. 
This lesion represented large cell lymphoma at histopathology. 
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Fig. 10.50 Burkitt lymphoma of the pelvis. SGE (a), 
coronal Tl-SE (£>), T2-SE (c), sagittal T2-SE (d), and gadolinium- 
enhanced fat-suppressed Tl -weighted spin-echo (e) images. Large 
lymphoma masses are present in the pelvis that cause compression 
of the urinary bladder (arrow, c), which has an hourglass configura- 
tion, well shown on the coronal Tl-SE image (b). The sagittal T2-SE 
image depicts the large lymphomatous mass (arrows, d) that 
extends along the dome of the bladder into the uterovesicular 
space. The masses are heterogeneous on both Tl- and T2-weighted 
images and show minimal enhancement after gadolinium adminis- 
tration (e). 
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Malignant Metastatic Lymph adenopathy 

Carcinomas associated with retroperitoneal lymphade- 
nopathy include kidney, colon, pancreas, lung, breast, 
testes, and melanoma [92, 931. Enlarged lymph nodes 
are usually moderate in signal intensity on T2-weighted 
images and higher than adjacent psoas muscle (figs. 
10.51 and 10.53). T2-weighted fat-suppressed spin-echo 
or echo-train spin-echo images are particularly effective 
at demonstrating nodes in patients who are thin. The 
addition of fat suppression is important, particularly 
when echo-train spin-echo sequences are used, because 
fat is high in signal intensity on these images (fig. 10.52). 
Adenopathy, whether benign or malignant, will enhance 
on postgadolinium SGE or 3D-GE images. A feature 
favoring malignancy is the depiction of necrotic lymph 
nodes (fig. 10.53) in a patient in whom the primary 
tumor is also necrotic. The MRI and CT imaging crite- 
rion for describing lymph nodes as pathologically 
enlarged is lymph node minimum transverse diameter 
greater than 1.5 cm. Unfortunately, sensitivity and speci- 
ficity of measurements are not high, as benign reactive 
lymph nodes may exceed 2 cm in diameter in the vicin- 
ity of malignant neoplasms and gastrointestinal and 
pancreatic cancers and cholangiocarcinoma usually 
involve lymph nodes without causing nodal enlarge- 
ment. Tissue-specific contrast agents may increase the 
diagnostic accuracy of MRI in characterizing retroperi- 
toneal lymphadenopathy. MR lymphography using iron 
oxide particle technique has been shown to distinguish 
contrast-enhanced, low-signal-intensity benign lymph 



nodes from nonenhanced, intermediate, heterogeneous- 
signal-intensity malignant nodes on T2-weighted images 
in animal models [94]. However, the role of this tech- 
nique in the evaluation of malignancies has not yet 
been definitely established. 

Testicular Cancer 

Testicular cancer may arise in an undescended testis 
located in the retroperitoneum [95], in the mediastinum 
or the retroperitoneum without evidence of primary 
testicular tumor [72], or in the testicles, metastasizing 
along the lymphatic pathway of testicular arteries and 
veins into para-aortic and paracaval nodes at the level 
of the renal hila (fig. 10.54). It is the most common solid 
cancer in men between the ages of 15 and 34 years, 
and in 95% of the cases it is of germ cell origin, either 
seminomatous (40%) or nonseminomatous (embryonal 
cell tumors, teratocarcinomas, teratomas, choriocarcino- 
mas, and mixed-histology tumors). The remaining 5% 
are of stromal origin (Sertoli, Leydig, or mesenchymal 
cell carcinomas). MRI and CT imaging have comparable 
ability to detect lymphadenopathy associated with tes- 
ticular cancer [96]. MRI is useful in detecting unde- 
scended testes, which may be the site of origin of 
testicular neoplasms. T2-weighted fat-suppressed images 
may show the undescended testis as a moderate- to 
high-signal-intensity structure along the anatomic course 
of the spermatic vessels. In tumors arising in unde- 
scended testes, MRI may perform better than CT imaging 
in lesion characterization [95]. 




Fig. 10.51 Malignant retroperitoneal adenopathy. T2-weighted spin-echo images from cranial (a) and more caudal (b) 
levels. Enlarged retroperitoneal lymph nodes are demonstrated as rounded, well-defined masses of moderate signal intensity on 
both images. Note lateral displacement of the right psoas muscle (arrow, a) by enlarged paracaval lymph nodes and medial displace- 
ment of the sigmoid colon (arrows, b) by enlarged left obturator lymph nodes. SGE (c), T2-weighted fat-suppressed spin-echo (d), 
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Fig. 10.51 (Continued) and immediate (e) and 90-s (/") postgadolinium SGE images in a second patient who has prostate cancer. 
Multiple enlarged lymph nodes are present in the retroperitoneum, displacing the aorta and the IVC anteriorly. The lymph nodes 
are low in signal intensity on the SGE image (c) and high in signal intensity on the T2-weighted fat-suppressed spin-echo image id). 
Fat suppression removes the competing high signal intensity of fat and renders the lymph nodes particularly conspicuous on the 
T2-weighted image. The lymph nodes enhance minimally on the immediate postgadolinium SGE image (e) and show progressive 
enhancement on the 90-s postgadolinium SGE image (f). Coronal SGE (g) and interstitial-phase gadolinium-enhanced fat-suppressed 
SGE (h) images in third patient who has chronic lymphocytic leukemia. Diffuse abdominal adenopathy is appreciated in portocaval, 
periaortic, and iliac chains. 
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Fig. 10.52 Malignant retroperitoneal lymphadenopa- 
thy. Coronal T2-weighted SS-ETSE (a), transverse fat-suppressed 
T2-weighted SS-ETSE (£>), coronal SGE (c), and interstitial-phase 
gadolinium-enhanced fat-suppressed SGE (d) images in a patient 
with gastric adenocarcinoma. There is a large, mildly heteroge- 
neous lobulated mass involving the lesser curvature and extending 
into the gastrohepatic ligament id). Extensive retroperitoneal 
lymph nodes are also appreciated. Coronal SGE (e), immediate 
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Fig. 10.52 (Continued) postgadolinium SGE (/"), and intersti- 
tial-phase gadolinium-enhanced fat-suppressed SGE (g) images in 
a second patient with recurrent colon cancer demonstrate the 
presence of aortocaval and left para-aortic bulky lymphadenopa- 
thy that extend superiorly to the level of the kidneys. Coronal SGE 
image (h) in a third patient, who has carcinoma of the uterus, 
shows enlarged left para-aortic lymph nodes consistent with meta- 
static lymphadenopathy. Coronal SGE image (/) in a fourth patient, 
who has endometrial stromal sarcoma, also demonstrates left para- 
aortic retroperitoneal adenopathy. Transverse T2-weighted fat- 
suppressed SS-ETSE image (/') in a fifth patient with neuroblastoma 
shows the presence of retrocrural lymph nodes that represent 
recurrent disease. 
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Fig. 10.53 Necrotic malignant lymph nodes. T2-weighted ETSE (a) and interstitial-phase gadolinium-enhanced fat- 
suppressed SGE (b) images in a patient with ovarian cancer. There is a large right external iliac lymph node (arrow, a) that is high 
signal on T2 (a) and is centrally near signal void with a thin peripheral rim of enhancement on the postgadolinium image (£>). Sagittal 
(c) and transverse id) interstitial-phase gadolinium-enhanced fat-suppressed SGE images in a second patient, who has cervical cancer, 
demonstrate a left perirectal lymph node that is low signal and has a thin rim enhancement (arrow, c, d). The combination of 
sagittal- and transverse-plane images permits identification of the rounded configuration of the mass in multiple planes. Interstitial- 
phase gadolinium-enhanced fat-suppressed SGE images (e, /) in a third patient, who has unknown primary adenocarcinoma, 
show multiple necrotic metastatic lymph nodes associated with metastatic liver lesions. Interstitial-phase gadolinium-enhanced 
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Fig. 10.53 (Continued) fat-suppressed SGE image (g) in a 
fourth patient, who has ovarian cancer, demonstrates a necrotic 
lymph node in the porta hepatis (arrow, g). 






Fig. 10.54 Testicular cancer. Coronal (a) and transverse (b) T2-weighted SS-ETSE, transverse SGE (c), and interstitial-phase 
gadolinium-enhanced fat-suppressed SGE id) images. There is a large left retroperitoneal mass that demonstrates heterogeneous 
internal signal on Tl- and T2-weighted images and possesses thin septations that enhance after contrast administration. This is 
consistent with a large nodal mass secondary to nonseminomatous testicular cancer. Coronal T2-weighted SS-ETSE (e), transverse 
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Fig. 10.54 (Continued) T2-weighted fat-suppressed SS-ETSE 
(/"), and transverse interstitial-phase gadolinium-enhanced SGE (g) 
images in a second patient, who has right testis rhabdomyosar- 
coma. There is a nodal mass in the aortocaval region that displaces 
the pancreas anteriorly and the inferior vena cava laterally. Left 
para-aortic lymph nodes are also identified. Coronal T2-weighted 
single-shot echo-train spin-echo (h), transverse Tl -weighted SGE 
(0, and transverse Tl-weighted postgadolinium interstitial-phase 
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Fig. 10.54 (Continued) fat-suppressed 3D-GE (/') images at 3.0 T show a large retroperitoneal seminoma in another patient. 
The tumor shows high signal and fibrous septa on T2-weighted image (h) and mild enhancement on postgadolinium image (/'). The 
aorta and IYC are compressed and displaced laterally. T2-weighted fat-suppressed single-shot echo-train spin-echo (&) and Tl- 
weighted postgadolinium interstitial-phase fat-suppressed SGE (I, m) images demonstrate a germ cell tumor in another patient. The 
patient is an infant. The large tumor occupies most of the abdominal cavity and compresses and displaced the bowel to the left 
lateral side. The right kidney (arrow, ni) is displaced by the retroperitoneal mass to the left side. The axis of the right kidney is 
also deviated. The contrast is present in the collecting systems of both kidneys. The tumor has a complex structure consisting of 
cystic and solid components. 



Primary Retroperitoneal Neoplasms 

The majority of primary retroperitoneal tumors (70- 
90%) are malignant (figs. 10.55-10.59) [97-100]. The 
most common histologic type is liposarcoma, followed 
by leiomyosarcoma and malignant fibrous histiocytoma 
[72, 99-101]. A male predominance exists for liposarco- 
mas and malignant fibrous histiocytomas, whereas leio- 
myosarcomas are more common in women [72, 101]. 
The tumors are typically large at presentation (see figs. 



10.55 and 10.56), because of their silent clinical course. 
Presenting symptoms include abdominal mass, pain, 
weight loss, and nausea and vomiting [101]. In a review 
of leiomyosarcomas of the retroperitoneum and IVC, 
leiomyosarcomas with no major vascular involvement 
have been classified as Pattern 1 and comprise 62% of 
the total cases [101]. On MR images, tumors are gener- 
ally mixed low and intermediate in signal intensity on 
Tl -weighted images and mixed medium and high in 
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Fig. 10.55 Retroperitoneal carcinoma. Out-of-phase SGE 
(a), coronal T2-weighted SS-ETSE (£>), and interstitial-phase 
gadolinium-enhanced fat-suppressed SGE (c) images. A large, 
lobulated, heterogeneous mass is located in the right abdomen. 
The mass is heterogeneous on both Tl (a)- and T2 (arrows, b)- 
weighted images, displacing the aorta and IVC medially and the 
right kidney posteriorly. Areas of high signal intensity on the T2- 
weighted image (b) represent necrotic areas. The mass demon- 
strates peripheral and patchy heterogeneous enhancement on 
the interstitial-phase gadolinium-enhanced fat-suppressed SGE 
image (c). Invasion of the right lobe of the liver (L, c) is clearly 
demonstrated. The mass abuts the anterior abdominal wall, and 
enhancement of the anterior peritoneum (small arrows, c) is 
evident secondary to a recent laparotomy attempt, which was 
aborted because of the large size of the mass. 




signal intensity on T2-weighted images [100, 101]. 
Tumors enhance in a heterogeneous fashion, and leio- 
myosarcomas, in particular, are hypervascular and dem- 
onstrate intense enhancement (see fig. 10.56). Areas of 
necrosis may be present, which is common in leiomyo- 
sarcomas [72, 101], and are demonstrated as areas that 
are low signal intensity on Tl -weighted images and 
high signal intensity on T2-weighted images and lack 
enhancement on postgadolinium images. Hemorrhage 
occasionally occurs in the liquefied necrotic areas and 
appears mixed high signal intensity on Tl-weighted 
images and mixed low and high signal intensity on T2- 
weighted images, with occasional demonstration of a 
dependent low-signal layer on T2-weighted images 
[101]. The various histologic types share common MRI 
appearances, and differentiation may not be feasible. In 
rare cases liposarcomas may be sufficiently well differ- 



entiated (lipogenic liposarcoma) to contain mature fat, 
which is high in signal intensity on Tl- and T2-weighted 
echo-train spin-echo images and intermediate in signal 
intensity on T2-weighted spin-echo images and sup- 
presses on fat-suppressed images (fig. 10.57). In these 
cases, soft tissue strands are present within the fatty 
mass, and tumor nodules may enhance after gadolinium 
administration. These tumors are well assessed by MRI, 
which provides direct imaging of the craniocaudal and 
transverse extent of the tumor. 

Neuroblastoma (fig. 10.59) and ganglioneuroblas- 
toma are tumors discussed in Chapter 8, Adrenal Glands. 
Extra-adrenal involvement increases with age [102]. MRI 
with the use of phased-array multicoil, T2-weighted 
fat-suppressed echo-train spin-echo, and gadolinium- 
enhanced Tl-weighted fat-suppressed images provides 
excellent morphologic detail and tumor/background 
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Fig. 10.56 Retroperitoneal sarcoma. Sagittal Tl-SE (a) and postgadolinium Tl-weighted fat-suppressed spin-echo (b) images 
in a patient with recurrent retroperitoneal leiomyosarcoma. A large, markedly heterogeneous mass (arrows, a) arises in the retro- 
peritoneum immediately anterior to the lumbar spine and extends inferiorly to the pelvis. The mass demonstrates intense hetero- 
geneous enhancement on interstitial-phase gadolinium-enhanced images. Magnetic susceptibility artifacts are present, caused by 
surgical clips (white arrow, a). Transverse interstitial-phase gadolinium-enhanced fat-suppressed SGE image (c) in a second patient, 
who has retroperitoneal leiomyosarcoma, demonstrates a large left-sided retroperitoneal mass that is heterogeneous in appearance 
and invades the lower and medial aspect of the left kidney. SGE (d), T2-weighted fat-suppressed echo-train spin-echo (e), immediate 
postgadolinium SGE (/"), and transverse (g) and sagittal (h) interstitial-phase gadolinium-enhanced fat-suppressed SGE images in a 
third patient, who has pleomorphic rhabdomyosarcoma. A large, left-sided retroperitoneal rhabdomyosarcoma mass is present. The 
mass displaces the left kidney anterolaterally, consistent with the retroperitoneal origin of the mass. The mass is heterogeneous 
and low in signal intensity on the precontrast SGE image (d) and heterogeneous and mixed high signal intensity on the T2-weighted 
image (e). The mass demonstrates moderate and heterogeneous enhancement on the immediate postgadolinium SGE image (/") 




Fig. 10.56 (Continued) with progressive enhancement on the interstitial-phase fat-suppressed SGE images (g, h). Invasion of 
the left psoas muscle (arrows) is well shown on the interstitial-phase fat-suppressed SGE image (g) as an enhancing area with irregular 
margins within the muscle. The sagittal image demonstrates the longitudinal extent of the mass (arrows, h) and anterior displace- 
ment of the kidney. Central necrosis is present that appears as a central area of lack of enhancement within the mass. Coronal 
SS-ETSE (i), interstitial-phase postgadolinium SGE (/'), and interstitial-phase gadolinium-enhanced fat-suppressed SGE (k) images in 
a fourth patient, who has retroperitoneal sarcoma. A large and heterogeneously enhancing tumor with septations and necrosis is 
seen in the right abdomen, abutting the head of the pancreas, porta hepatis, the right kidney, and the inferior vena cava. Interstitial- 
phase gadolinium-enhanced fat-suppressed SGE (/) image in a fifth patient, who has retroperitoneal sarcoma. A heterogeneous, 
moderately intense mass (arrow, I) is present in the left pelvis. Involvement of the obturator internus and pyriformis muscles 
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Fig. 10.56 (Continued) is apparent. T2-weighted single-shot 
echo-train spin-echo (m), Tl -weighted SGE (n), Tl -weighted 
postgadolinium hepatic arterial dominant-phase (o) and intersti- 
tial-phase (p) fat-suppressed 3D-GE images at 3.0 T demonstrate 
retroperitoneal sarcoma in another patient. The tumor invades the 
spleen (black arrows, o, p) and lateral limb of the left adrenal gland 
(white arrows, o, p) and shows progressive enhancement on 
postgadolinium images. Invasion of the diaphragm is most clearly 
shown of the interstitial phase fat-suppressed images (p). Coronal 
T2-weighted single-shot echo-train spin-echo (#), transverse Tl- 
weighted postgadolinium hepatic arterial dominant-phase SGE 
(r), and transverse Tl -weighted postgadolinium interstitial-phase 
fat-suppressed 3D-GE (s) images from another patient with a 
large retroperitoneal sarcoma, which show a high signal on T2- 
weighted image (q) and heterogeneous enhancement on post- 
gadolinium images (r, s). The tumor deviates the aorta medially 
and compresses the left psoas muscle. Transverse Tl -weighted 





Fig. 10.56 (Continued) postgadolinium hepatic arterial 
dominant-phase SGE (O, transverse Tl -weighted postgadolinium 
hepatic venous-phase fat-suppressed SGE (u), sagittal Tl-weighted 
postgadolinium interstitial-phase fat-suppressed SGE (v), and trans- 
verse Tl-weighted postgadolinium interstitial-phase fat-suppressed 
SGE (w) images demonstrate a recurrent retroperitoneal sarcoma 
(open arrows, w) in another patient with pancreas (white long 
thick arrows, t, u), liver (black arrows, t, u), kidney (white thin 
short arrow, u), and bone (white long thin arrows, v) metastases. 
The liver metastasis that shows intense enhancement on the 
hepatic arterial dominant phase and washout on the hepatic 
venous phase is hypervascular. The pancreatic metastasis shows 
peripheral ring enhancement progressively on postgadolinium 
images. The kidney metastasis is seen as hypointense focus on the 
interstitial-phase image. Sagittal plane is helpful for the demonstra- 
tion of vertebral metastases that demonstrate intense enhance- 
ment on the interstitial phase. Note that bone marrow signal is 
low because of prior blood transfusions. 
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Fig. 10.57 Retroperitoneal liposarcoma. Single shot ETSE 
(a), in-phase (b) and out-of-phase (c), fat-suppressed 3D gradient 
echo (d), and lmin gradient postgadolinium Tl SGE fat- 
suppressed gradient echo. A retroperitoneal mass in the right 
posterior pararenal space shows complex elements with a central 
region demonstrating features of necrosis and proteinaceous or 
hemorrhagic fluid seen as high signal on single-shot T2 (star, a) 
and low signal on Tl gradient echo before (stars, b-d) and after 
(star, e) gadolinium administration. The mass has aggressive fea- 
tures with an irregular thick peripheral rim of enhancing soft 
tissue (arrowheads, a-e).Diagnostic specificity for liposarcoma 
derives from demonstration of adipocyte elements (arrows, a-e) 
shown by an opposed-phase rim cancellation effect, comparing 
in-phase (arrow, b) to opposed-phase (arrow, c) images, and on 
fat-suppressed image that demonstrates drop in signal (arrow, d). 



contrast. MRI may be superior to CT imaging because 
CT imaging may not detect small tumor masses or 
involved lymph nodes in this mainly pediatric popula- 
tion because of small patient size and lack of retroperi- 
toneal fat. The T2-weighted single-shot echo-train 
spin-echo sequence should be part of the imaging pro- 



tocol as it is very resistant to motion artifacts from 
movement or respiration. This is important in pediatric 
patients, who may move during the acquisition, and in 
problematic areas such as the subdiaphragmatic paraspi- 
nal retroperitoneum. Added advantages of MRI include 
the lack of ionizing radiation and higher soft tissue 
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Fig. 10.58 Embryonal rhabdomyosarcoma. T2-weighted 
ETSE fat-suppressed (a) and transverse (£>) and sagittal (c) intersti- 
tial-phase gadolinium-enhanced Tl-weighted fat-suppressed SE 
images in a 21 -month-old patient with embryonal rhabdomyosar- 
coma. There is massive enhancing retroperitoneal adenopathy 
that lifts and encases the aorta, iliac vessels, and IVC. The lymph 
nodes are moderately hyperintense on T2-weighted images (a) 
and enhance moderately intensely with mild heterogeneity on 
postgadolinium images (b, c). 




contrast resolution. Furthermore, MRI is the method of 
choice for imaging of the spine and delineation of tumor 
involving neural and perineural structures. 



PSOAS MUSCLE 

Diseases affecting the psoas muscle more commonly 
originate from adjacent structures and involve the 
muscle by direct extension. These include malignant 
and infectious processes of the spine, kidney, bowel, 
pancreas, and retroperitoneal lymph nodes [103, 104]. 



Atrophy of the iliopsoas from neuromuscular disease 
can occur. Spontaneous hemorrhage may also occur in 
the iliopsoas muscle and is most frequently observed in 
patients on anticoagulant therapy or in hemophiliacs. 
Primary tumors of the muscle are rare, but the psoas 
can be the site of metastatic deposits. 

The psoas muscle is well evaluated by MRI. The 
normal muscle is low in signal intensity on T2-weighted 
images. As most disease processes are high in signal 
intensity on T2- weighted images (fig. 10.60), they are 
usually clearly shown [103, 104]. Imaging in the coronal 
or sagittal plane provides direct evaluation of the full 





Fig. 10.59 Hemangiopericytoma. Transverse out-of-phase SGE (a) and immediate postgadolinium SGE (b) images show a 
large tabulated necrotic mass in the right abdomen that invades the right kidney and the liver. Histopathologic examination estab- 
lished the diagnosis of hemangiopericytoma. Neuroblastoma. T2-weighted single-shot echo-train spin-echo (c) and Tl -weighted 
out-of-phase SGE (d) images demonstrate a large retroperitoneal mass and multiple liver metastases in an infant patient with neuro- 
blastoma. The mass compresses the pancreatic head and displaces the pancreatic head anteriorly and the IVC anteromedially. 





Fig. 10.60 Neurogenic psoas tumor. Tl -weighted spin-echo (a) and T2-weighted spin-echo (b) images. A well-defined 
rounded tumor is noted in the right psoas muscle. The tumor is moderate in signal intensity on the Tl -weighted image and high 
in signal intensity on the T2-weighted image. High signal intensity on T2-weighted images is a common feature of tumors of neural 
origin. 
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craniocaudal extent of the muscle. Lymph nodes are 
well evaluated on precontrast sagittal SGE images in a 
background of retroperitoneal fat, but they are isoin- 
tense with psoas muscle. Lymph nodes are readily 
distinguished from psoas muscle on T2-weighted images 
because muscle is low in signal intensity compared to 
the moderate signal intensity of lymph nodes [103, 104]. 
Metastatic disease to the iliopsoas muscle is moderate 
to high in signal intensity on T2-weighted images 
and shows substantial enhancement on gadolinium- 
enhanced fat-suppressed Tl-weighted SGE images (figs. 
10.61 and 10.62). Infection is well shown on MR images 
as high-signal-intensity areas on fat-suppressed T2- 
weighted images and intense enhancement on gadolin- 
ium-enhanced fat-suppressed SGE or 3D-GE images 
(fig. 10.63). Destruction of adjacent vertebral body is 
common with associated extension into the disk space. 
Disk space involvement is more typical of infection than 
of malignancy. On postgadolinium images, abscesses 
are shown as expansile lesions with signal-void centers, 
intense peripheral enhancement, and enhancement of 
the periabscess tissues (see fig. 10.63). 

Hemorrhage is well shown on MR images because 
of the high signal intensity of subacute blood on Tl- 
weighted images [105-107]. The appearance of a fluid 
structure that possesses a high-signal peripheral rim in 
noncontrast Tl-weighted fat-suppressed images is virtu- 
ally pathognomonic for subacute hematoma. The use 
of fat suppression permits the detection of even small 
amounts of blood, and imaging in different planes pro- 
vides direct evaluation of the dimensions and extent of 
the hematoma (fig. 10.64). 



THE BODY WALL 

Neoplasms 

Benign Tumors 

Desmoid tumors and cysts (fig. 10.65) are two common 
benign body wall tumors [108]. Desmoids may be 
encountered in the setting of Gardner syndrome and 
are relatively avascular, locally aggressive masses with 
a propensity for recurrence, occurring more commonly 
in middle-aged women [109]. They arise most com- 
monly from the aponeurosis of the rectus abdominis 
muscle and may on occasion be very large, mimicking 
intra-abdominal masses [109]. They are readily detected 
on Tl-weighted images as low-signal-intensity masses 
in a background of high-signal-intensity fat (fig. 10.65). 
In mature desmoids, areas of abundant fibrosis result in 
low signal intensity on T2-weighted images [109]. 

The body wall also may be involved in cases of 
endometriosis occurring almost exclusively along scars 
from previous surgery (fig. 10.65). Endometriomas are 



generally shown better on noncontrast Tl-weighted 
fat-suppressed SGE or 3D-GE images as high-signal- 
intensity foci. Lipomas are also common lesions, and 
they can be easily diagnosed with their characteristic 
MR appearance. 

Malignant Tumors 

Direct tumor spread, hematogenous metastases (figs. 
10.66 and 10.67), sarcomas (figs. 10.68 and 10.69), and 
lymphomas can involve the body wall. Tumors are 
medium-signal-intensity masses that are well defined in 
the background of high-signal-intensity subcutaneous 
fat on Tl-weighted SE or SGE images. On gadolinium- 
enhanced fat-suppressed Tl-weighted images they are 
moderate to high in signal intensity in a background of 
low-signal-intensity fat. Imaging in the sagittal plane 
permits direct visualization of the extent of the tumor 
and its relationship to the abdominal wall muscles. 

Tumors arising in or involving the skeletal struc- 
tures of the abdomen and pelvis are well-shown on 
a combination of Tl-weighted images, T2-weighted 
fat-suppressed images, and gadolinium-enhanced fat- 
suppressed SGE or 3D-GE images (figs. 10.70 and 
10.71). 

Miscellaneous 

Hernias, hematomas, infection, arteriovenous malforma- 
tions, and varices (fig. 10.72) may involve the abdominal 
wall. (Hernias are discussed in Chapter 7, Peritoneal 
Cavity?) Malignant or vascular lesions are well shown 
on SGE and gadolinium-enhanced fat-suppressed SGE 
images. Vascular structures are shown as low-signal- 
intensity structures on SGE images and enhance after 
gadolinium administration. The enhancement is rendered 
more conspicuous with the addition of fat suppression 
on postcontrast images. Involvement of the abdominal 
wall in cases of hemangiomas/lymphangiomas is not 
infrequent and may be part of a larger mass, usually of 
congenital origin. MRI demonstrates multiple ovoid and 
tubular structures infiltrating subcutaneous tissue and 
abdominal wall muscles (fig. 10.73). The hemangioma- 
tous component is comprised of smaller vascular spaces 
that may enhance after gadolinium administration, 
whereas the lymphangiomatous components, which are 
generally cystic, larger in size, and high in signal intensity 
on Tl-weighted images, demonstrate dependent low- 
signal-intensity layers on T2-weighted images (fig. 10.73). 
MRI using multiplanar imaging demonstrates the extent 
of the abnormality and degree of infiltration of muscles 
and abdominal structures. Heavily T2-weighted echo- 
train spin-echo images have been used to image patients 
with generalized lymphangiomatosis, because the fluid- 
filled cystic spaces are high in signal intensity on 
these images. Differentiation from hemangiomatous 







Fig. 10.61 Metastasis. SGE (a) and T2-weighted spin-echo (b) images. A large heterogeneous mass (arrow, a) is present in the 
left iliopsoas muscle, consistent with metastasis from breast cancer. The metastasis is low in signal intensity on the SGE image (a) 
and high in signal intensity on the T2-weighted spin-echo image (&). Coronal T2-weighted SS-ETSE (c) and transverse 90-s gadolinium- 
enhanced fat-suppressed SGE id) images in a second patient, who has a history of neuroblastoma, demonstrate an area within the 
medial right psoas muscle with high signal on the T2-weighted image (arrow, c) and peripheral enhancement after contrast admin- 
istration (d), which represents a metastasis. Transverse 90-s gadolinium-enhanced fat-suppressed SGE images (e, /) in 2 additional 
patients with cancer demonstrate metastatic masses (arrow, e, /) involving the right psoas muscle. The greater enhancement of 
the metastases relative to the psoas muscle increases their conspicuity. 
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Fig. 10.62 Metastasis to the iliacus muscle from melanoma. SGE (a), T2-weighted spin-echo (£>), 45-s postgadolinium (c), 
and gadolinium-enhanced Tl-weighted fat-suppressed spin-echo id) images. A mass is identified in the posterior portion of the left 
iliacus muscle. The mass is isointense to muscle on the SGE image (a) and heterogeneously high in signal intensity on the T2- 
weighted image (b) and enhances in a heterogeneous fashion after gadolinium administration (c, d).The degree of enhancement 
and delineation of its borders are best appreciated on the postgadolinium Tl-weighted fat-suppressed spin-echo image (arrows, d). 





Fig. 10.63 Psoas abscess. T2-weighted SS-ETSE (a), 45-s postgadolinium SGE (&), and transverse (c) and coronal id) interstitial- 
phase gadolinium-enhanced fat-suppressed SGE images. A complex fluid collection is present in an enlarged left psoas muscle. The 
fluid is heterogeneously high in signal intensity on the T2-weighted image (arrow, a) and contains low-signal-intensity necrotic debris. 
The left ureter (large arrow, a) is dilated and has a thick wall. The abscess wall (arrow, b) and the ureteral wall demonstrate 



THE BODY WALL 



1277 






Fig. 10.63 (Continued) enhancement on the 45-s postgadolinium SGE image (b), which progresses on the interstitial-phase 
images (c, d) to intense enhancement of the abscess-containing psoas muscle (long arrows, c, d) and the ureteral wall. Ill-defined 
borders with linear enhancing strands reflect the extension of the inflammation into the pararenal and perirenal fat. Enhancement 
of the thickened left perirenal fascia (small arrows, c) is also noted. The contents of the abscess are signal void on the postgadolinium 
images (b-d). Imaging in the coronal plane (d) provides direct evaluation of the craniocaudal extent of the abscess. The right 
psoas muscle is uninvolved and remains low in signal intensity on the postgadolinium images. The collecting system of the left 
kidney is dilated and low in signal intensity on the interstitial-phase gadolinium-enhanced fat-suppressed SGE images (c, d) because 
of absent gadolinium excretion in a kidney with xanthogranulomatous pyelonephritis. SGE (e) and interstitial-phase gadolinium- 
enhanced fat-suppressed SGE (/") images in a second patient demonstrate increased enhancement of the psoas muscles bilaterally, 
which contain fluid collections that have central low-signal areas with peripheral rim enhancement, consistent with abscesses. 
T2-weighted single-shot echo-train spin-echo (g), Tl -weighted postgadolinium interstitial-phase fat-suppressed SGE (h) images 
demonstrate left iliopsoas abscess in another patient. Septations are present in the abscess cavity. The uninvolved part of psoas 
muscle (arrows, g, h) is anterior to the abscess cavity. T2-weighted single-shot echo-train spin-echo (/) and Tl-weighted 
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Fig. 10.63 (Continued) postgadolinium interstitial-phase magnetization prepared rapid gradient echo (/') images at 3.0 T dem- 
onstrate multiple retroperitoneal (black arrows, /, /), intraperitoneal, and subcutaneous abscess in another noncooperative patient 
with similar findings. T2-weighted fat-suppressed single-shot echo-train spin-echo (&), Tl-weighted SGE (/), and Tl-weighted post- 
gadolinium interstitial- phase fat-suppressed SGE (m) images demonstrate left iliopsoas abscess in another patient. Septations are 
again present in the abscess cavity. The left psoas muscle shows intense inflammatory enhancement on postgadolinium image. The 
transversalis fascia (arrows, m) also shows intense enhancement. Note that there is inflammation in the left subcutaneous region 
adjacent to the abscess cavity as well. 





Fig. 10.64 Hematoma in the left iliacus muscle. SGE (a), 
transverse (b) and sagittal (c) fat-suppressed SGE, T2-weighted 
echo-train spin-echo (d), and T2-weighted fat-suppressed echo- 
train spin-echo (e) images. The left iliacus is enlarged and contains 
a complex fluid collection that is low in signal intensity centrally 
with a high-signal-intensity peripheral rim (arrow, a) on the Tl- 
weighted images (a-c) and heterogeneously high in signal inten- 
sity on the T2-weighted images (d, e). The hyperintensity of the 
peripheral rim is accentuated with the use of fat suppression on 
the Tl -weighted images (b, c). The sagittal fat-suppressed SGE 
image (c) demonstrates the craniocaudal extent of the hematoma. 
The mixed signal intensity of the hematoma reflects blood prod- 
ucts in different stages of degradation. T2-weighted SS-ETSE (/") 
and transverse (g), coronal (h), and sagittal (i) fat-suppressed SGE 
images in a second patient demonstrate a similar appearance of 
hematomas involving the left iliopsoas muscle. 
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Fig. 10.64 (Continued) 





Fig. 10.65 Desmoid. SGE image (a) in a patient with Gardner syndrome demonstrates a subcutaneous desmoid (arrow, a) 
in the right gluteal region. Fibrous tumors are low in signal intensity on Tl -weighted images and are readily detected against a 
background of high-signal-intensity fat. Sagittal T2-weighted high-resolution fast spin-echo (&), transverse Tl-weighted SGE (c), 





Fig. 10.65 (Continued) transverse Tl-weighted postgadolin- 
ium immediate SGE (d), and transverse Tl-weighted post- 
gadolinium interstitial-phase fat-suppressed 3D-GE (e) images 
demonstrate a desmoid tumor (arrows, b-e) located in the rectus 
abdominis muscle in another patient. The tumor, which shows 
low signal on T2-weighted image because of its fibrotic nature, 
enhances progressively on postgadolinium images. Cyst. Coronal 
T2-weighted single-shot echo-train spin-echo (/"), coronal Tl- 
weighted SGE (g), Tl-weighted postgadolinium hepatic arterial 
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Fig. 10.65 (Continued) dominant-phase SGE (/?), and Tl- 
weighted postgadolinium interstitial-phase fat-suppressed 3D-GE 
(0 images demonstrate an abdominal wall cyst (arrows, f-i) in 
another patient. The structure of the cyst is homogeneous 
and shows high signal on T2-weighted image and low signal on 
Tl -weighted precontrast image. The cyst does not demonstrate 
any enhancement on postgadolinium images. Note that the cyst 
is at different positions on coronal precontrast images because 
of respiration. Endometriosis. Sagittal (/') and transverse (k) 
high-resolution fast spin-echo T2-weighted and sagittal (I) and 
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Fig. 10.65 (Continued) transverse (rn) Tl-weighted post- 
gadolinium interstitial-phase fat-suppressed 3D-GE images demon- 
strate endometriosis (arrows, j-ni) located along the scar in the 
subcutaneous tissue of anterior abdominal wall in another patient. 
Endometriosis shows heterogeneously low signal on T2-weighted 
images and prominent enhancement on postgadolinium images. 
Note the enlarged uterus and widened junctional zone in the 
uterus, which are consistent with adenomyosis. Lipoma. Coronal 
T2-weighted single-shot echo-train spin echo (n), transverse T2- 
weighted fat-suppressed single-shot echo-train spin-echo (o), Tl- 
weighted out-of-phase SGE (p), and Tl-weighted postgadolinium 
fat-suppressed interstitial phase 3D-GE (q) images demonstrate a 
large lipoma (*) in the right posterior body wall. The lipoma shows 
high signal on T2 (n)- and Tl (p)-weighted out-of-phase images 
and low signal on fat-suppressed T2 (o) and Tl (^-weighted 
images. Note that there is phase cancellation artifact around the 
lipoma on out-of-phase image (p). These findings demonstrate the 
fat content of the lipoma. 
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Fig. 10.66 Subcutaneous metastases. Delayed postgado- 
linium SGE image demonstrates multiple subcutaneous metastases 
from breast cancer. 









Fig. 10.67 Abdominal wall metastases from hepatocellular carcinoma (HCC). SGE (a), immediate postgadolinium SGE 
(b), and 90-s gadolinium-enhanced fat-suppressed SGE (c) images. An abdominal wall metastasis is present (arrow, a) that is isoin- 
tense in Tl (a) and demonstrates moderate enhancement with mild heterogeneity on immediate postgadolinium image (b) and 
heterogeneous enhancement on delayed fat-suppressed image (c). The mass is well shown on sequences that have good contrast 
between tumor and background tissue, such as SGE and gadolinium-enhanced fat-suppressed SGE. Precontrast SGE id) and inter- 
stitial-phase gadolinium-enhanced fat-suppressed SGE (e) images in a second patient, with recurrent HCC after right hepatectomy, 
demonstrate an oval mass within the right upper abdominal wall musculature that shows moderate enhancement (arrow, e). 
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Fig. 10.67 (Continued) T2-weighted short tau inversion 
recovery (/"), Tl -weighted postgadolinium hepatic arterial domi- 
nant-phase SGE (g), and Tl -weighted postgadolinium interstitial 
phase fat-suppressed 3D-GE (h) images demonstrate anterior 
abdominal wall metastasis (arrows, f-h) from HCC due to biopsy 
tract seeding in another patient. Tl -weighted postgadolinium 
interstitial phase image (/) demonstrates the invasion of anterior 
abdominal wall by a large HCC in another patient. 
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Fig. 10.68 Malignant fibrous histiocytoma of the right anterior abdominal wall. SGE (a), transverse (b) and sagittal (c) 
T2-weighted echo-train spin-echo, 90-s postgadolinium SGE at superior id) and inferior (e) tomographic levels, and gadolinium- 
enhanced Tl -weighted fat-suppressed spin-echo (f) images. The tumor is readily identified as a low-signal-intensity well-defined 
mass against the high-signal-intensity background of subcutaneous fat on the Tl -weighted image (a) and is heterogeneously low to 
intermediate in signal intensity on the T2-weighted images (b, c).The tumor abuts and displaces the right rectus abdominis muscle, 
which is well shown on the sagittal T2-weighted image (c). The tumor enhances in a mildly heterogeneous fashion on the 45-s 
postgadolinium SGE image (e). A metastatic tumor nodule (arrow, d) with predominantly peripheral heterogeneous enhancement 
is also present at a higher tomographic level id) in the right iliacus muscle. Enhancement of the tumor is more uniform on the 
more delayed gadolinium-enhanced Tl -weighted fat-suppressed spin-echo image (/"), reflecting delayed enhancement of the fibrotic 
components of the tumor. The use of fat suppression increases the conspicuity of the abnormally enhancing tumor. 




Fig. 10.69 Well-differentiated subcutaneous fibrosarcoma. T2-weighted spin-echo (a) and gadolinium-enhanced Tl- 
weighted fat-suppressed spin-echo (£>) images. The tumor is located in the subcutaneous tissue of the left buttock, is moderate in 
signal intensity on the T2-weighted image (a), and shows intense enhancement on the gadolinium-enhanced Tl -weighted fat- 
suppressed image (£>). The anterior margin of the mass appears irregular (arrows, b) and abuts the gluteus maximus muscle. Note 
the presence of chemical-shift artifact on the lateral edges of the mass on the T2-weighted image (a). Perirectal sarcoma. Sagittal 
(c) and transverse id) T2-weighted single-shot echo-train spin-echo and sagittal (e) and transverse (/") Tl -weighted postgadolinium 
interstitial-phase fat-suppressed 3D-GE images demonstrate a perirectal sarcoma in another patient. The lesion shows intense 
enhancement on postgadolinium images. 
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Fig. 10.70 Leukemic bone infiltrates. Gadolinium-enhanced 
Tl -weighted fat-suppressed spin-echo image in a patient with leu- 
kemia shows focal enhancing leukemic lesions (arrows) in the 
bone marrow of the iliac bones bilaterally. Normal fat-containing 
marrow is low in signal intensity, rendering enhancing tumors 
conspicuous. 






Fig. 10.71 Extensive Ewing sarcoma of the pelvis. T2-weighted fat-suppressed echo-train spin-echo (a) and gadolinium- 
enhanced fat-suppressed SGE (b) images. An extensive heterogeneous mass originating from the left iliac bone is demonstrated. The 
mass invades all the muscles of the left pelvis and displaces the bladder (b, a, b) to the right. The tumor is heterogeneous with mixed 
high-signal-intensity areas on the T2-weighted image (a) and demonstrates heterogeneous enhancement after gadolinium admini- 
stration (£>). Chordoma. Transverse (c) and sagittal id) high-resolution fast spin-echo T2-weighted, Tl-weighted postgadolinium 
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Fig. 10.71 (Continued) interstitial-phase fat-suppressed 
transverse (e) and sagittal (/") 3D-GE images at 3.0 T demonstrate 
chordoma originating from sacrum in another patient with 
enlarged prostate. The chordoma shows heterogeneous high 
signal on T2-weighted images and moderate heterogeneous 
enhancement. Chordomas are low-grade malignancies and the 
most common neoplasms originating from the sacrum. Note that 
the bladder wall is trabeculated and irregular because of outlet 
obstruction. Giant cell tumor. Transverse (g) and sagittal (h) 
high-resolution fast spin-echo T2-weighted and Tl -weighted post- 
gadolinium interstitial-phase fat-suppressed SGE transverse (i) and 
sagittal (/') images demonstrate giant cell tumor of sacrum in 
another patient. The large tumor is very heterogeneous. It shows 
intermediate signal on T2-weighted images and heterogeneous 
enhancement on postgadolinium images. There are scattered 
areas of central necrosis in the tumor. The tumor is located in the 
rectosacral space and originates from the sacrum and coccyx. The 
uterus and rectum (arrows, g, h) are compressed and displaced 
anteriorly by the tumor. Although giant cell tumors of the sacrum 
are benign, they can show malignant transformation. They are the 
second most common neoplasms originating from the sacrum 
after chordomas. 
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Fig. 10.71 (Continued) 






Fig. 10.72 Subcutaneous varices in a patient with cirrhosis. Interstitial-phase gadolinium-enhanced fat-suppressed SGE 
image (a) demonstrates numerous enhancing serpiginous vessels within the anterior abdominal wall, consistent with varices. 
Multiple varices at the gastroesophageal junction are also present. Infection. T2-weighted fat-suppressed single-shot echo-train 
spin-echo (£>), Tl -weighted fat-suppressed 3D-GE (c), Tl -weighted postgadolinium hepatic arterial dominant-phase 3D-GE (d), and 
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Fig. 10.72 (Continued) Tl-weighted postgadolinium intersti- 
tial-phase fat-suppressed 3D-GE (e) images at 3.0 T demonstrate 
granulomatous infection involving the costochondral junctions 
and anterior abdominal wall in another patient. The lesion is 
very irregular and shows marked heterogeneous enhancement. 
Peripheral spiculations and stranding are present around the 
lesion. The appearance of the lesion mimics sarcomas. 






(a) (b) 

Fig. 10.73 Lymphangioma-hemangioma of the pelvis. Transverse {a, b) and coronal (c, d~) Tl-weighted spin-echo and 
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Fig. 10.73 (Continued) transverse (e, /) and sagittal (g) T2- 
weighted spin-echo images. An extensive heterogeneous mass is 
present in the left and central pelvis. The mass infiltrates the sub- 
cutaneous tissue of the entire left hemipelvis, the gluteus maximus, 
intermedius, and minor muscles and extends into the true pelvis, 
causing extensive deformity and displacing the bladder (b, a, b, e-g) 
and left iliac bone (i, a, b, e, /) anteriorly to the right. The mass 
consists of numerous tubular and ovoid cystic structures, represent- 
ing malformed blood and lymph vessels. The cystic spaces are low 
in signal intensity on the Tl -weighted images and high in signal 
intensity on the T2-weighted images, reflecting their fluid content. 
Larger fluid-filled cystic spaces (arrows, a, c, e) have fluid-fluid levels 
on the T2-weighted image (e) with the dependent lower-signal- 
intensity level representing fluid of higher protein concentration. 
The presence of large fluid-filled cystic spaces is characteristic of 
lymphangiomatous rather than hemangiomatous malformations. 
The coronal images (c, d) demonstrate the extent of the pelvic 
deformity and extension of the vascular malformation to the muscles 
and subcutaneous tissues of the left thigh, which are enlarged com- 
pared with the contralateral side. 
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malformations or the hemangiomatous component of 
mixed malformations may also be possible with this 
technique because the vascular hemangiomatous spaces 
will be lower in signal intensity on these images [110]. 
Cellulitis can be differentiated from abscess on MR 
images by the demonstration of a signal-void center in 
an abscess. The extent of inflammatory or infectious 
disease is well-defined on gadolinium-enhanced fat- 
suppressed SGE images by the extent and intensity of 
high-signal enhancing tissue. 



CONCLUSION 

MRI should be considered as a primary diagnostic tech- 
nique for assessment of most benign and malignant 
disease processes affecting the retroperitoneum and 
body wall. Continued advances in MRA, with improve- 
ments in dynamic gadolinium-enhanced gradient-echo 
and true-FISP sequencing techniques, the routine use 
of 3.0 T MRI, and improved automated multistation 
surface phased-array coil and table movement systems, 
have resulted in an increasing role for MRI in the evalu- 
ation of aortoiliac disease. 
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NORMAL ANATOMY 



The bladder is located posterior to the symphysis, the 
retropubic fat pad, and the space of Retzius. It is pyra- 
midal in shape, with its apex pointing anteriorly toward 
the superior portion of the pubic symphysis. From the 
apex, the median umbilical fold passes up to the umbi- 
licus. This is a fold of peritoneum raised by the median 
umbilical ligament, which is the remnant of the urachus. 
The superior surface of the bladder is covered by peri- 
toneum, which dips down posteriorly to form the ante- 
rior wall of the rectovesical (male) or uterovesical 
(female) pouch. The obturator internus muscles are 
located laterally, and the levator ani muscles are situated 
inferiorly [1, 2]. The bladder consists of four layers: an 
outer adventitial layer of connective tissue, a nonstriated 
muscle layer (the detrusor muscle, consisting of outer 
and inner longitudinal fibers, enclosing a middle circu- 
lar layer), a lamina propria (submucosal connective 
tissue), and an inner layer of mucosa. The mucosa is 
rugose in the underdistended state and becomes 
smoother as filling proceeds, with the exception of the 
trigone, which is always smooth [3]. When fully dis- 



tended, the bladder is 2 mm thick. The ureteric orifices 
are placed at the angles of the trigone and are usually 
slitlike. The internal urethral orifice is at the apex of the 
trigone, the lowest part of the bladder. 

The bladder receives its principal blood supply 
from the superior and inferior vesical arteries, which are 
branches of the internal iliac artery. Branches from the 
obturator and inferior gluteal arteries, as well as branches 
of the uterine and vaginal arteries in the female, also 
supply the bladder. Venous drainage is via an intricate 
plexus on the inferolateral surface, which eventually 
drains into the internal iliac veins. Lymphatics from the 
bladder drain mainly to the internal or common iliac 
chain [31. 



MRI TECHNIQUES 

A variety of MRI techniques have been employed to 
study the bladder. As in other organ systems, it is useful 
to combine imaging techniques that demonstrate differ- 
ent tissue contrast. In the bladder, it is useful to combine 
sequences that demonstrate high-signal-intensity urine 
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(i.e., T2-weighted imaging and delayed postgadolinium 
imaging) with techniques that demonstrate low-signal 
intensity urine (noncontrast Tl -weighted imaging with 
or without fat suppression and immediate postgado- 
linium dynamic SGE or 3D-GE imaging). Images that 
show this contrast between urine and bladder wall are 
important in effectively evaluating abnormalities in the 
bladder wall and lumen. Techniques that are particu- 
larly useful include T2-weighted echo-train spin-echo, 
pre- and postgadolinium Tl -weighted fat-suppressed 
SGE or 3D-GE, and Tl -weighted dynamic immediate 
postgadolinium SGE or fat-suppressed 3D-GE sequences. 
Tl -weighted images are effective at demonstrating mor- 
phology but are not effective as the aforementioned 
techniques at demonstrating depth of tumor invasion. 
Tl -weighted images performed as breath-hold SGE 
or 3D-GE sequences have shown good spatial and 
temporal resolution. Implementation of breath-hold T2- 
weighted echo-train spin-echo sequences has been 
effective in examining the pelvis. One version of this, 
the half-Fourier single-shot turbo spin-echo (HASTE) 
technique, has the additional advantage of being 
breathing-independent. The multiplanar imaging capa- 
bility of MRI permits image acquisition in different 
planes to minimize partial volume effects when evaluat- 
ing depth of penetration of bladder cancer [4] (i.e., 
sagittal imaging for anterior and posterior wall and 
dome lesions and coronal imaging for lateral wall and 
dome lesions). If a tumor is not aligned in one of the 
three standard planes, volume averaging of tumor and 
bladder wall may occur and lead to potential overstag- 
ing [4, 5]. The use of thinner slices or high-resolution 
imaging may reduce these potential disadvantages. 

The critical artifacts in MRI of the bladder include 
motion, degree of bladder distension, chemical shift, 
and, occasionally, abnormal mixing of intravenous con- 
trast. Involuntary motion artifacts include motion from 
respiration, intestinal peristalsis, and bladder motion. 
Respiratory movements can be reduced by the use of 
a tight abdominal band; however, a phased-array torso 
coil can achieve a similar effect. Bowel peristalsis can 
be minimized with administration of 1 mg of glucagon 
intramuscularly immediately before the exam. Glucagon 
should not be given to patients with a history of pheo- 
chromocytoma, insulin-dependent diabetes, or insulin- 
oma or prior hypersensitivity reaction [3]. Moderate 
bladder distention is important. If the bladder is not 
distended, the detrusor muscle is thickened, mimicking 
thickening from disease states and making it difficult to 
recognize small tumors. If the bladder is too distended, 
the patient becomes uncomfortable, and flat tumors can 
be missed secondary to overstretching of the muscle 
layer. It has been suggested that optimal bladder filling 
is achieved by asking the patient to void 2-3 h before 
the exam and not again until after the exam or by 



clamping the Foley catheter for a similar time period [6, 
7]. Chemical-shift artifact occurs at the water-fat inter- 
face and appears as a dark band along the lateral wall 
on one side and a bright band along the lateral wall on 
the opposite side [8]. This appearance can mimic or 
mask an invasive bladder cancer. To correct for this, 
chemically selective fat suppression can be performed 
or the frequency-encoding gradient can be rotated to 
select the direction that least interferes with examination 
of bladder wall adjacent to tumor [8, 91 Intravenously 
administered contrast can also result in artifacts in the 
bladder by causing a linear layering effect if settled or 
an artifact mimicking a tumor mass if mixing heteroge- 
neously (fig. 11.1). The latter is most prominent at the 
ureteral orifices, which helps establish the artif actual 
nature of the signal abnormalities. The use of thinner 
slices or high-resolution imaging may reduce these 
potential artifacts. 

The use of surface coils can significantly improve 
the image quality of the pelvic structures. Double 
surface coils have been shown to improve pelvic MR 
imaging [6, 9, 10]. Even greater image improvements 
occur with the use of a phased-array multicoil. 

Endorectal coils can be used to obtain high- 
resolution images of the bladder. However, these are 
usually most useful for imaging of tumors along the 
posterior wall of the bladder base [6]. 

NORMAL 

On MRI images, the thickness of the normal bladder 
wall ranges from 2 to 8 mm. The normal wall appears 
as a low-signal-intensity band on noncontrast Tl- 
weighted images, with urine appearing near signal void. 
On T2-weighted images, the bladder wall appears as a 
low-signal-intensity band, which represents the entire 
muscular layer. More recently, this band has been 
divided into two bands, of low signal intensity (inner) 
and intermediate signal intensity (outer), corresponding 
to the compact inner and looser outer smooth muscle 
layers [11]. 

The normal bladder wall does not enhance substan- 
tially on images acquired immediately after gadolinium 
administration, which becomes important in tumor 
imaging. However, there is delayed enhancement of 
bladder wall, best seen by combining fat saturation with 
gadolinium enhancement [3, 12]. 

NORMAL VARIANTS AND 
CONGENITAL DISEASE 

Congenital anomalies of the urinary bladder include 
agenesis, hypoplasia, duplication, exstrophy, prune 
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Fig. 11.1 Artifacts in the bladder from intravenous 
contrast. Sagittal T2-weighted SS-ETSE (a) and Tl-weighted 
gadolinium-enhanced fat-suppressed SGE (b) images demonstrate 
discrete layers in the bladder from settling of intravenous contrast. 
Sagittal Tl-weighted gadolinium-enhanced fat-suppressed SGE 
image (c) in a second patient demonstrates a whorl of contrast in 
the bladder, simulating an enhancing mass. 



belly syndrome, diverticula, and patent urachus. 
Agenesis and hypoplasia are extremely rare. Duplication 
of the bladder can be demonstrated with MR imaging. 
The septum dividing the two bladder cavities is low in 
signal on both Tl- and T2 -weighted images. The bladder 
wall of both cavities is of the same thickness and signal 
intensity. Although bladder exstrophy, the most common 
congenital bladder lesion, is a clinical diagnosis, MR 
imaging may contribute important information about 
the skeletal, muscular, and peritoneal anomalies associ- 
ated with bladder exstrophy as well as the position of 
the sex organs [13]. MR is similarly helpful in identifying 
associated anomalies of prune belly syndrome. In this 
rare syndrome, the bladder is often enlarged, lacks 
trabeculation, and may be associated with a patent 



urachus. The bladder wall is thickened because of 
replacement of normal smooth muscle with connective 
tissue [14]. 

Congenital bladder diverticula are herniations of 
bladder mucosa through areas of weakness in the detru- 
sor muscle of the bladder. Most are seen in young 
males, and most occur at the level of the bladder base. 
When they originate at the ureteral meatus, they are 
called Hutch diverticula. These may be associated with 
ureteral obstruction. On MR images, bladder diverticula 
are seen as outpouchings from the native bladder (fig. 
11.2). The wall of the diverticulum is thin and hypoin- 
tense on T2-weighted images. On Tl-weighted images 
acquired after gadolinium administration, the diverticu- 
lum fills with contrast-enhanced urine. Diverticula may 
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Fig. 11.2 Bladder diverticula. Sagittal (a) and transverse (b) T2-weighted SS-ETSE images demonstrate focal outpouchings of 
the bladder representing diverticula (arrows, a, b). 



be associated with urinary stasis, leading to chronic 
infection, inflammation, dysplasia, leukoplakia, and 
squamous metaplasia. This process may precede the 
development of a malignant tumor in the diverticulum. 
Tumors originating within diverticula are rare, occurring 
in 2-7% of patients with vesical diverticula. The most 
common cell type is transitional cell carcinoma (78%), 
followed by squamous cell carcinoma (17%), a combi- 
nation of transitional and squamous cell types (2%), and 
adenocarcinoma (2%) [15]. 

The urachus is a vestigial structure, representing the 
remnant of the embryonic allantoids and cloaca. In 
adults, this persists as a midline musculofibrous tube 
that can extend from the bladder dome to the umbilicus. 
Incomplete obliteration may persist as a patent urachus 
or urachal cyst (fig. 11.3), sinus, or diverticulum [14]. A 
patent urachus may coexist with posterior urethral 
valves, prune belly syndrome, or ventral abdominal wall 
defects. Urachal adenocarcinoma is rare and is described 
later in this chapter. 



MASS LESIONS 

Benign Masses 

Papilloma 

Transitional cell papilloma accounts for 2-3% of all 
primary bladder tumors and is histologically benign but 
may recur or become malignant. The tumor consists of 
an axial fibro vascular core, which is covered by well- 



differentiated urothelial layers [16]. Bladder papillomas 
are most clearly shown on immediate postgadolinium 
MR images as small enhancing masses arising from 
lesser-enhancing wall. Dynamic gadolinium-enhanced 
MR images (15-45 s) may be most useful to demonstrate 
the superficial nature of these lesions (fig. 11.4). 

Leiomyoma 

Leiomyoma is the most common of the rare benign 
bladder tumors, affecting women 30-55 years of age. 
The lesion most commonly arises at the trigone but may 
be found on the lateral and posterior walls. Lesions may 
be intravesicular (60%), extravesicular (30%), or intra- 
mural (10%) (fig. 11.5). Intramural and extravesicular 
tumors do not cause symptoms, but intravesical lesions 
may present with hematuria or dysuria. Bladder neck 
tumors causing bladder outlet obstruction have been 
reported. The lesion is intermediate in signal intensity 
on Tl -weighted images and well shown against a back- 
ground of low-signal-intensity urine. On T2- weighted 
images, leiomyomas may vary from mildly hypointense 
to moderately hyperintense and are often slightly het- 
erogeneous with variable enhancement [17]. Intramural 
extent is often well shown. Degenerating leiomyomas 
can have various appearances, including medium to 
high signal intensity on Tl -weighted images and het- 
erogeneous mixed signal intensity on T2-weighted 
images. These appearances are thought to be secondary 
to hemorrhage, calcification, or cystic transformation 
[18]. Leiomyomas and leiomyosarcomas cannot be 





Fig. 11.3 Urachal cyst. Sagittal T2-weighted fat-suppressed SS-ETSE (a), transverse Tl-weighted SGE (£>), and sagittal (c) and 
transverse (d) Tl-weighted gadolinium-enhanced fat-suppressed SGE images. There is a round lesion anterior and superior to the 
bladder that shows increased Tl and T2 signal, likely from proteinaceous or mucinous contents (arrow, a, b). There is no internal 
enhancement after contrast administration, but the wall enhances similar to the bladder wall (c, d). 




Fig. 11.4 Multiple papillary tumors. Coronal Tl-weighted 
gadolinium-enhanced fat-suppressed spin-echo image. The enhanc- 
ing papillomas are well shown as enhancing mass lesions in a 
background of low signal intensity of non-gadolinium-containing 
urine. 
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Fig. 11.5 Leiomyoma. Coronal (a), sagittal (£>), and transverse (c) 512-resolution T2-weighted ETSE, transverse Tl-weighted 
SGE (d), immediate transverse Tl-weighted gadolinium-enhanced SGE (e), and delayed (2min) transverse Tl-weighted gadolinium- 
enhanced SGE (/") and sagittal (g) Tl-weighted gadolinium-enhanced fat-suppressed SGE images demonstrate a large mass involving 
the left lateral wall and trigone of the bladder. The mass is hypointense on T2 (a-c)- and Tl (d)-weighted images, reflecting low 
fluid content characteristic for leiomyomas. There is mild heterogeneous enhancement on the immediate gadolinium-enhanced 
Tl-weighted image (e), with progressive enhancement on the delayed images (f, g). 
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Fig. 11.5 (Continued) 



consistently distinguished on MR images [3]. However, 
large size, heterogeneity, and irregular margins are fea- 
tures suggestive of malignancy. 

Pheochromocytoma 

Pheochromocytomas are catecholamine-producing 
tumors that arise from chromaffin cells and can occur 
anywhere along the sympathetic nervous system from 
the neck to the sacrum. Ten to fifteen percent occur in 
an extra-adrenal location. One percent are located in 
the bladder and have a predilection for the trigone, 
followed by the region near the ureteral orifices. They 
are found less frequently in the dome and lateral walls 
of the bladder. Seven percent of bladder pheochromo- 



cytomas are malignant [16]. Males and females have an 
equal incidence, with a mean age of 41 years. About 
half of the cases present with the clinical triad of hyper- 
tension, gross intermittent hematuria, and attacks of 
sweating, headache, and palpitations induced by mic- 
turition [19]. Characteristic MRI features help to distin- 
guish this tumor from other tumors, including carcinoma 
[19, 20]. Typically, these tumors show markedly 
increased, homogeneous signal intensity on T2-weighted 
spin-echo sequences [21-23]. However, signal can be 
heterogeneously increased on T2-weighted images [24]. 
Tl -weighted images demonstrate hypointense or isoin- 
tense signal intensity [17, 18]. They enhance intensely 
after gadolinium administration. 
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Fig. 11.6 Neurofibroma. Sagittal T2-weighted single-shot echo-train spin-echo (a) and Tl-weighted gadolinium-enhanced fat- 
suppressed spin-echo (b) images in a patient with history of neurofibromatosis. There is a mildly heterogeneous and hypointense 
mass (black arrow, a) on the T2-weighted image that involves the posterior aspect of the bladder wall and uterus (white arrow, a) 
and displaces the rectum posteriorly. After gadolinium administration, there is moderately intense and slightly heterogeneous 
enhancement of the tumor (£>). Histopathology demonstrated a plexiform neurofibroma in the bladder wall. 



Neurogenic Tumors 

Neurofibromatosis, the most common phakomatosis, is 
characterized by cafe au lait spots, optic gliomas, Lisch 
nodules, distinctive bone lesions, and neurofibromas. 
Genitourinary tract neurofibromas are rare, but most 
commonly affect the bladder (fig. 11.6). Obstructive 
hydronephrosis, a common complication, is presumably 
due to neurofibromas involving the trigone. Pelvic side- 
wall tumors appear nodular and may extend into the 
obturator foramina. Neurofibromas demonstrate distinct 
MRI features that allow better characterization of the 
extent of the tumor within the bladder, pelvic sidewalls, 
and surrounding soft tissues than CT imaging. The MRI 
appearance for type 1 neurofibromatosis (von 
Recklinghausen disease) is Tl-weighted signal intensity 
slightly greater than that of skeletal muscle and mark- 
edly increased signal intensity relative to the surround- 
ing tissues on T2-weighted images. Larger tumors may 
be inhomogeneous, with markedly increased signal 
intensity and well-defined central areas of decreased 
signal intensity on T2-weighted images. Most demon- 
strate enhancement with gadolinium administration (fig. 
11.6) [25]. Malignant degeneration may occur in plexi- 
form neurofibromas but is rare in isolated neurofibro- 
mas [17]. 

Ganglioneuromas have a similar appearance; they 
are isointense to skeletal muscle on Tl-weighted images 
and hyperintense on T2-weighted images and enhance 
substantially with gadolinium (fig. 11.7). 



Hemangiomas 

Hemangioma is a rare mesenchymal benign tumor of 
the bladder that is more common in children but may 
occur at any age [17]. The most common presenting 
symptom is gross, painless hematuria. The tumor has 
been reported to be low to intermediate signal intensity 
on Tl-weighted images, with a multilocular pattern. The 
lesion is of very high signal intensity on T2-weighted 
images [26]. 

Inflammatory Myofibroblasts Tumor 

Inflammatory myofibroblasts tumor (also described as 
inflammatory pseudosarcoma) is a rare mesenchymal 
benign bladder lesion of spindle cell origin. It can occur 
at any age; patients may present with hematuria, urinary 
frequency, dysuria, or nocturia. Usually these lesions 
are exophytic and extend into the bladder lumen, but 
they may be intramural and may extend into the peri- 
vesical tissues. This lesion is reported to have low Tl 
signal intensity, inhomogeneous high T2 signal inten- 
sity, and heterogeneous enhancement with areas of 
necrosis [17]. 

Calcifications 

Bladder calculi may be the result of foreign body nidus, 
stasis, or migration of upper tract calculi, or they may 
be idiopathic. Foreign bodies include catheters, nonab- 
sorbable sutures, hair, or bone fragments. Stasis may 
result from bladder outlet obstruction, diverticula, cys- 
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Fig. 11.7 Ganglioneuroma. Tl -weighted spin-echo (a), sagittal T2-weighted spin-echo (b), and transverse (c) and sagittal (d) 
gadolinium-enhanced Tl-weighted spin-echo images. A 4-cm ganglioneuroma arises from the anteroinferior bladder wall. The tumor 
is intermediate in signal intensity on the Tl-weighted image (arrow, a) and moderately hyperintense on the T2-weighted image 
(arrow, b) and shows substantial enhancement on interstitial-phase gadolinium-enhanced images (arrows, c, d) with central necrosis. 
(Courtesy of Hedvig Hricak, M.D., Ph.D.). 



tocele, or postoperative states. Bladder calculi are well 
shown on T2-weighted images or late postgadolinium 
Tl-weighted images. These sequences show good con- 
trast between high-signal-intensity urine and signal- void 
calculi (fig. 11.8) [27]. 

Bilharziosis is caused by the organism Schistosoma 
haematobium in the majority of cases. Patients present 
with frequency urgency, dysuria, flank pain, and hema- 
turia. The characteristic calcifications are linear and 
continuous along the bladder wall. These bladder wall 
calcifications are signal void on all MRI sequences [28]. 



Malignant Masses 

Bladder cancer is the most common cancer of the 
urinary tract. It accounts for 4.5% of all new malignant 
neoplasms and 1.9% of all cancer deaths in the United 
States [29]. Its incidence appears to be rising, believed 
to be caused by an increased exposure to multiple 
environmental carcinogens such as tobacco, artificial 
sweeteners, coffee, cyclophosphamides, and various 
aromatic amines. The incidence of bladder cancer 
increases with age, and it is most commonly seen in 
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Fig. 11.8 Bladder calculus in a patient with a surgically repaired 
persistent cloaca. Sagittal Tl -weighted spin-echo (a), T2-weighted fat- 
suppressed echo-train spin-echo (£>), and sagittal 512 resolution T2-weighted 
echo-train spin-echo (c) images. A nearly signal-void oval structure (long white 
arrows, a-c) on the Tl- and T2-weighted images represents a calculus in a 
bladder diverticulum. The bladder wall is thickened (black arrows, b, c), and 
the reconstructed rectum is dilated (short white arrow, £>). 



the sixth and seventh decades. However, it is being 
found in an increasing number of patients less than 30 
years old. Bladder cancer is three times more common 
in men than in women [13]. Classification of bladder 
tumors is based on three criteria: cell type (urothelial, 
squamous, or glandular), pattern of growth (papillary, 
nonpapillary, noninfiltrating, or infiltrating), and grading 
(degree of cellular differentiation). The nonpapillary 
urothelial tumors include invasive transitional cell car- 
cinoma, squamous cell carcinoma, adenocarcinoma, 
and carcinosarcoma. 

Primary Urothelial Neoplasm 

Transitional Cell Carcinoma. Transitional cell 
carcinoma is the most common primary bladder malig- 



nancy and accounts for 85% of all bladder malignancies. 
Nonpapillary or sessile urothelial tumors are typically 
more invasive and of a higher grade than exophytic 
types. Most patients have a prior history of papillary 
tumors, which arise from epithelial abnormalities adja- 
cent to papillary neoplasia. Invasive urothelial cancer 
initially spreads radially through the wall of the bladder 
and then circumferentially through the muscular layer. 
It may then invade the perivesical fat and, depending 
on the location of the neoplasm, may invade the pros- 
tate, seminal vesicles, or obturator internus muscles. In 
women, it rarely invades the uterus or cervix. Invasion 
of the ureters or urethra is common when the tumor 
originates near one of these structures [30]. Transitional 
cell carcinoma most commonly rises from the lateral 
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wall and can cause hydronephrosis or hydroureter if it 
extends around the ureteral orifices [31]. 

Seventy to eighty percent of bladder cancers are 
diagnosed as early stage, associated with a 5-year sur- 
vival rate of 81 percent. Patients with invasive tumors 
are at high risk of disease progression, and, despite 
definitive therapy, the overall 5-year mortality rate is 
almost 50% [13]. Selection of appropriate treatment 
for bladder cancer depends on accurate diagnosis 
and staging. Superficial neoplasm can be treated with 
transurethral resection and instillation of chemothera- 
peutic agents, BCG therapy, or both. Patients with 
involvement of the superficial muscle layer are candi- 
dates for segmental cystectomy. Invasive neoplasms and 
those with limited perivesical fat involvement require 
radical cystectomy. Presurgical chemotherapy or pallia- 
tive radiation therapy is used when extension has 
occurred outside of the bladder into adjacent pelvic 
structures [3]. 

The TNM staging of bladder neoplasms is as follows 
(fig. 11.9) [32]: 



TO 

Ta 

Tis 

Tl 

T2a 

T2b 

T3a 

T3b 

T4a 
T4b 

NO 
Nl 

N2 



N3 

MO 
Ml 



No evidence of primary tumor 

Noninvasive papillary carcinoma 

Carcinoma in situ: "flat tumor" 

Tumor invades subepithelial connective tissue 

Tumor invades superficial muscle (inner half) 

Tumor invades deep muscle (outer half) 

Tumor invades perivesical tissue microscopically 

Tumor invades perivesical tissue macroscopically 

(extravesical mass) 

Tumor invades prostate, uterus, or vagina 

Tumor invades pelvic wall or abdominal wall 

No regional lymph node metastases 

Metastasis in a single lymph node <2cm in 

greatest dimension 

Metastasis in a single lymph node >2cm but 

<5cm in greatest dimension, or multiple lymph 

nodes 

Metastasis in a single lymph node >5cm in 

greatest dimension 

No distant metastases 

Distant metastases 



Both Tl- and T2-weighted images are useful in 
staging bladder cancers [6, 28, 33-40]. The mass on Tl- 
weighted images demonstrates intermediate signal 
intensity similar to that of muscle [31, 41]. The use of 
Tl -weighted sequences is recommended to determine 
invasion of the perivesical fat and surrounding organs 
(except the prostate) and involvement of lymph nodes 
and bone marrow. On T2-weighted images, the mass 
has similar to slightly higher signal intensity than the 
bladder wall [31, 41]. T2-weighted images are recom- 
mended for assessment of the extent of tumor invasion 




Fig. 11.9 T staging of urothelial carcinoma. (Drawing 
by Donald Eknoyan, MD.) 



into the muscle layer of the bladder wall and prostate 
[6, 8, 28, 33-36, 42]. 

The use of intravenous gadolinium contrast agents 
has improved the imaging of bladder carcinomas. 
Gadolinium quickly distributes in the extracellular space 
without passing through intact cell membranes [42] and 
typically provides substantial enhancement of urinary 
bladder carcinomas [5, 43-51]. Bladder carcinomas tend 
to enhance more than the surrounding bladder wall 
early after injection of contrast because of neovascular- 
ity. Tumors are well seen approximately 5-1 5 s after 
arterial enhancement [47]. This early phase of enhance- 
ment also demonstrates good conspicuity of bladder 
tumor against gadolinium-free urine in the bladder. 
Given the tendency of transitional cell carcinoma to be 
multiple or multifocal, the identification of more than 
one area of enhancement is important [41]. Fast dynamic 
MR imaging may also be able to differentiate between 
tumor and postbiopsy change, because tumor enhances 
earlier than postbiopsy tissue (6.5s vs. 13.6s) [6]. 
Delayed (>5min) postcontrast Tl -weighted images 
show high signal intensity of urine, and the intraluminal 
portion of a bladder tumor is usually well delineated, 
although small tumors may be obscured. Two- to five- 
minute postcontrast fat-suppressed SGE or 3D-GE 
images are the most reliable to show lymph nodes and 
bone marrow metastases in a consistent fashion. 
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MRI offers several advantages over CT imaging, 
including higher contrast resolution and higher sensitiv- 
ity to contrast agents, which permits better imaging of 
the bladder dome, trigone, perivesical fat, prostate, and 
seminal vesicles. Bladder tumors at the base or dome 
and smaller tumors [41] are better staged with MRI. 
Overall, accuracy of MRI in the staging of bladder car- 
cinoma has been reported to range from 69% to 89%. 
Acquisition of MR images in oblique planes to demon- 
strate the tumor-bladder wall interface in profile has 
been effective for assessing depth of bladder wall inva- 
sion, with overall staging accuracy of 78% for gadolin- 
ium-enhanced Tl -weighted images and 60% for 
T2- weighted images. Staging of small tumors, in particu- 
lar, is improved with the use of immediate postgado- 
linium imaging [46, 48, 49, 51]. 

Immediate postgadolinium SGE or 3D-GE images 
acquired in an oblique projection to demonstrate tumor- 
bladder wall interface in profile has been an effective 
approach, especially in the differentiation of superficial 
tumors and tumors with superficial muscle invasion [5]. 
The use of thinner slices and high-resolution imaging 
may also help in the differentiation of superficial tumors 
and tumors with superficial muscle invasion. 

MRI is able to differentiate between superficial 
(stage Tl) (fig. 11.10) and deep (stage T2b) (fig. 11.11) 
invasion of the muscular layer of the bladder wall with 
high accuracy [43]. In general, if a clearly defined dark 
bladder wall is visualized and appears intact on T2- 
weighted images, the tumor should be classified as 
stage Tis, Tl, or T2a, whereas if the bladder wall is 
breached, the tumor should be staged as T2b or higher. 
The higher contrast resolution is most useful in the dif- 
ferentiation between muscular invasion (stage T2b) and 
invasion into the perivesical fat (stage T3b) [5, 28-32, 
34]. For deeply infiltrative tumors (stages T3b, T4a, and 
T4b), MRI is generally considered the most accurate 
method of staging (fig. 11.12) [43, 52], with postgado- 
linium fat-suppressed images most useful. The most 
common cause of staging error in MRI and CT imaging 
studies is overstaging, and prior cystoscopic biopsy is 
likely a common cause of this overstaging [41, 53]. For 
this reason, it is recommended that MRI studies be 
performed at least 3 weeks after bladder biopsy. 

In the staging of lymph node metastases, MRI and 
CT imaging appear to be comparable. Accuracy is 83- 
97% for CT imaging and 73-98% for MRI. At present, 
distinction between enlarged hyperplastic nodes and 
malignant nodes cannot be made, which can result in 
overstaging of tumors (fig. 11.13). Additionally, because 
the criterion for pathologic enlargement of nodes in the 
pelvis is greater than 1cm, small, involved nodes will 
not be detected. Nodes involved in the spread of 
bladder cancer include the anterior and lateral paravesi- 
cal, presacral, hypogastric, obturator, and external iliac 



nodes, followed by common iliac and para-aortic lymph 
nodes [7]. Retroperitoneal nodal involvement is not 
often seen in patients with bladder cancer at the time 
of initial diagnosis, but if present, the pelvic nodes are 
also usually involved [38]. After treatment with radio- 
therapy, relapse in retroperitoneal nodes may be seen 
without evidence of nodal disease in the pelvis [38]. In 
treated patients, it is therefore probably prudent to 
examine the retroperitoneum as well as the pelvis. Tl- 
weighted images are useful for imaging lymph nodes, 
as their signal intensity is lower than that of the sur- 
rounding fatty tissue [6]. Postgadolinium Tl-weighted 
images with fat saturation are particularly useful for the 
evaluation of adenopathy, as the moderate signal inten- 
sity of enhanced nodes is conspicuous in the back- 
ground of low-signal-intensity fat. Three-dimensional 
imaging may be helpful in providing information not 
only about size of nodes but also about their shape [6]. 

MRI is superior to CT imaging in the diagnosis of 
bone marrow metastases [54]. Tl-weighted images are 
useful in detection of bone marrow metastases, because 
lesions will have similar signal characteristics as the 
primary tumor (typically intermediate intensity) and will 
be conspicuous against the high signal intensity of fatty 
marrow [53]. The most accurate technique for the detec- 
tion of bone marrow metastases is gadolinium-enhanced 
Tl-weighted fat-suppressed imaging. Metastases appear 
as rounded or geographic regions of enhancement in a 
background of suppressed background fatty marrow. 
Unlike noncontrast Tl-weighted images that have rela- 
tively low specificity, as a number of entities in addition 
to metastases are low to intermediate in signal, gado- 
linium-enhanced fat-suppressed images have higher 
specificity because focal regions of enhancement are 
quite characteristic for metastases. Sensitivity is also 
higher for gadolinium-enhanced fat-suppressed images, 
as areas of enhancement are more conspicuous than 
areas of low signal. 

MRI is useful in the distinction between late fibrosis 
and recurrence of carcinoma. One year after transure- 
thral resection, after resolution of the acute edema, 
residual scar can be distinguished from recurrence of 
tumor with T2-weighted images [5, 6, 39, 40, 42, 44-51]. 
Fibrosis is low in signal intensity, whereas tumor recur- 
rence is heterogeneous and moderate in signal intensity. 
Before resolution of the edema, distinction between 
granulation tissue and recurrence is problematic [6, 46, 
48, 49, 51]. Diagnosing tumor recurrence is also aided 
by the observation that recurrent tumor appears as soft 
tissue that enhances similarly to the primary tumor 
(fig. 11.14) [41]. 

MRI and clinical staging have complementary 
roles, and staging of urinary bladder tumors is best 
achieved with the use of both approaches. Because of 
the limitations in differentiating acute edema from tumor 






Fig. 11.10 Transitional cell cancer, superficial invasion. 

Tl-weighted SGE (a), T2-weighted echo-train spin-echo (£>), and 
immediate postgadolinium SGE (c) images in a patient with super- 
ficial Tl transitional cell bladder cancer. The tumor is intermediate 
in signal intensity on the Tl-weighted image (arrow, a) and mod- 
erately high in signal intensity on the T2-weighted image (£>). 
Moderately intense tumor enhancement is appreciated on the 
postgadolinium image (c), and lack of wall invasion is shown. 
Intact low-signal-intensity muscular wall deep to the tumor is 
appreciated on the T2-weighted (6) and immediate postgadolin- 
ium SGE (c) images. Coronal and axial T2-weighted single-shot 
echo-train spin-echo (d, e), MR urography (/"), and transverse 45-s 
postgadolinium fat-suppressed 3D-GE (g) images in another patient 
with transitional cell cancer. Dilated right ureter (white thick 
arrows, d, e) and right hydronephrosis (white thin arrow, d) are 
demonstrated on T2-weighted single-shot echo-train spin-echo 
images (d, e). MR urography image (/") shows dilated right ureter 
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Fig. 11.10 (Continued) and its abrupt cutoff at vesicoure- 
teral junction (white thick arrow). A soft tissue mass obstructing 
the right ureter at vesicoureteral junction is seen as a hyperintense 
structure (black arrow) compared to the remaining bladder wall 
on transverse T2-weighted image (e). The tumor shows intense 
enhancement (black arrow) on postgadolinium image (g). 
Enhancement of the tumor does not extend beyond the limits of 
bladder wall. Intact wall is present deep to the enhancing tumor. 
Note the Foley catheter in the bladder lumen. Coronal Tl -weighted 
SGE (If), T2-weighted single-shot echo-train spin-echo (i), and 90-s 




Fig. 11.10 (Continued) postgadolinium fat-suppressed 3D- 
GE (/') images demonstrate transitional cell cancer in another 
patient with atrophic kidneys and renal transplant located in the 
right lower quadrant. The bladder wall is diffusely thickened, 
and there are multiple polypoid projections extending into the 
lumen. The thickened bladder wall and its projections show 
homogenous enhancement on postgadolinium image (/'). The 
tumor does not extend beyond the limits of bladder wall. Intact 
low-signal-intensity muscular wall deep to the tumor is appreci- 
ated on T2-weighted image. 





(b) 




Fig. 11.11 Invasive transitional cell carcinoma. Sagittal (a) and transverse (b) T2-weighted single-shot echo-train spin-echo 
and sagittal (c) and transverse (d) Tl -weighted gadolinium-enhanced fat-suppressed SGE images. Markedly diffuse thickening of the 
bladder wall (a, b) is present, which represents diffuse tumor involvement. The tumor enhances intensely after gadolinium admin- 
istration (c, d). T2-weighted echo-train spin-echo (e), Tl -weighted gadolinium-enhanced fat-suppressed spin-echo (/"), and coronal 
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Fig. 11.11 (Continued) interstitial-phase gadolinium-enhanced SGE (g) images in a second patient. A frondlike stage T3a papil- 
lary transitional cell cancer is demonstrated arising from the right lateral wall of the bladder. Note that the lesion extends into a 
diverticulum (arrow, /). On the T2-weighted image, the low-signal-intensity muscular wall is not infiltrated by tumor (e). Multiple 
small papillomas are also identified (arrows, g). Tl-weighted postgadolinium fat-suppressed image (h) in a third patient. There is 
diffuse, relatively symmetric thickening of the bladder wall from transitional cell cancer with heterogeneous moderate enhance- 
ment. Tl-weighted SGE (/) and Tl-weighted gadolinium-enhanced fat-suppressed SGE (/') images in a fourth patient demonstrate 
an irregular enhancing mass arising from the anterior aspect of the bladder with irregular circumferential thickening of the bladder 
wall. 
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Fig. 11.12 Transitional cell cancer, advanced disease. T2-weighted spin-echo (a), Tl-weighted gadolinium-enhanced fat- 
suppressed spin-echo (b), and Tl-weighted postgadolinium SGE (c) images in a patient with T4bNlM0 transitional cell carcinoma. 
A large cancer arises from the left and posterior aspect of the bladder (black arrows, a). Invasion of the obturator internus muscle 
is shown (large arrow, a). The tumor enhances heterogeneously after gadolinium administration (thin white arrow, £>). Tumor 
extension into the obturator internus (small arrows, b) is relatively high in signal intensity compared to muscle. Thrombus in the 
right common iliac vein is identified (large arrow, b and arrow, c). A Foley catheter is present in the bladder (c). Tl-weighted 
gadolinium-enhanced fat-suppressed (d) image in a second patient with deeply invasive transitional cell cancer. The tumor invades 
the posterior wall of the bladder. Deep invasion is evidenced by irregular enhancing tissue that extends through the full thickness 
of the bladder wall (arrow, d). Sagittal (e) and transverse (/") T2-weighted single-shot echo-train spin-echo and sagittal (g) and 
transverse (If) Tl-weighted gadolinium-enhanced fat-suppressed images in a third patient with high-grade invasive transitional cell 
carcinoma. The bladder wall is diffusely thickened and irregular (e, /), with moderately intense enhancement after gadolinium 
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Fig. 11.12 (Continued) administration (g, h). The tumor 
extends inferiorly and invades the prostate gland (arrows, g). Note 
the Foley catheter in the bladder lumen. Coronal and transverse 
high-resolution T2-weighted fast spin-echo (i, 7) and transverse 
90-s postgadolinium fat-suppressed 3D-GE (&) images demonstrate 
an advanced case of transitional cell cancer in another patient. 
The bladder is filled with contrast, and therefore it is hypointense 
on T2-weighted images. A large exophytic aggressive tumor origi- 
nating from the right posterolateral wall of the bladder invades 
right perivesical soft tissue, right internal obturator muscle later- 
ally (white long thick arrow, j, &), right sacrotuberous ligament 
posterolaterally (white long thin arrow, 7), and right ischiorectal 
fascia posteriorly (long black arrow, 7) and extends to the right 
external iliac vessels (short black arrow, i-k) and right psoas 
muscle anterolateral^ (short black arrow, j, &), rectum postero- 
medially (white short thin arrow, j, &), and right piriformis more 
posteriorly (white short thick arrow, k). The tumor invades the 
bladder wall and enhances intensely. 
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Fig. 11.13 Transitional cell cancer and hyperplasic 
lymph node. Tl -weighted gadolinium-enhanced fat-suppressed 
spin-echo image. Multiple varying-sized papillary cancers are 
present with substantial enhancement of the mucosa after gado- 
linium administration. A 1.2-cm lymph node (small arrow) is 
shown, which was considered consistent with nodal disease. At 
histopathology the enlarged nodes were benign and hyperplastic. 
Note also the dilated ureters (long arrows). 




Fig. 11.14 Tumor recurrence. Transverse Tl -weighted gadolinium-enhanced fat-suppressed SGE image (a) in patient with 
history of urothelial cancer, status post radical cystoprostatectomy, ileal conduit, and pelvic lymph node dissection 14 months 
previously. A large volume of soft tissue extends along both pelvic sidewalls and along the regions of prior nodal dissection with 
substantial contrast enhancement consistent with recurrent disease. T2-weighted high-resolution fast spin-echo (b) and Tl-weighted 
90-s postgadolinium fat-suppressed 3D-GE (c, d) images in a patient with bladder cancer and tumor recurrence. The recurrent tumor 
is seen in the perineal region as an irregular soft tissue that enhances intensely on postgadolinium images (c, d). It invades the 
vagina, bilateral internal obturator (white long thin arrows, c, d) and levator ani (black long arrows) muscles (predominantly the 
right side) and perirectal-perivaginal soft tissue. There are also small fluid collections (white short thick arrows, b, c) adjacent to 
the vagina (arrowhead) and postoperative surgical clips creating susceptibility artifacts (black short arrow, d) in the perineal region. 
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tissue, MRI is most helpful if performed before clinical 
staging [6]. 

Squamous Cell Carcinoma. Squamous cell carci- 
noma is the most common form of neoplasia in patients 
with chronic inflammation of the urinary bladder [13]. 
It is rare in Western countries but is the most frequent 
form of bladder neoplasm (55%) in patients with schis- 
tosomiasis and is often associated with squamous meta- 
plasia. It is also more common in women. Histologically, 
these tumors form squamous pearls and are graded 
based on the varying degrees of cellular differentiation 
and histologic appearance [16]. Tumors are intermediate 
in signal intensity on Tl-weighted images and enhance 
with gadolinium (fig. 11.15). Their appearance is usually 
not distinguishable from that of transitional cell carci- 
noma. However, metastases of squamous cell carci- 
noma often occur in the bone, lung, and bowel, rather 
than the regional lymph nodes [551. 

Adenocarcinoma. Adenocarcinoma of the bladder 
is rare and is the most common tumor to arise at the 
vesicourachal remnant of the bladder dome (fig. 11.16). 
The tumor may, however, arise in any location. It is 
also found in patients with exstrophy of the bladder 
and cystitis glandularis [551 Adenocarcinoma most com- 
monly arises secondarily as extension from adjacent 
organs (see discussion below). As with squamous cell 
carcinoma, the prognosis is poor. 

Carcinosarcoma. Carcinosarcoma, also known as 
malignant mixed mesodermal/mullerian tumor or sarco- 
matoid carcinoma, is a highly aggressive neoplasm with 
malignant epithelial and sarcomatous elements. The 
epithelial component is most often transitional cell car- 
cinoma. The sarcomatous component is made up of 
a variable mixture of chondrosarcoma, osteosarcoma, 
rhabdomyosarcoma, and spindle cells (leiomyosarcoma- 
like) [56]. Gross hematuria is the most common symptom. 
Most tumors present as single, large polypoid masses, 
ranging from 1.5 to 12 cm, usually at the bladder base, 
followed by the trigone and lateral walls [57]. These 
tumors are bulky and invariably deeply invade the 
bladder wall. On MRI, the tumors are isointense on Tl- 
weighted images and heterogeneous on T2-weighted 
images and show variable enhancement. Prognosis is 
poor, as local recurrence after radical cystectomy is 
common [16, 57]. 

Malignant Nonepithelial Neoplasms 

Malignant nonepithelial tumors include leiomyosar- 
coma, rhabdomyosarcoma, and lymphoma and collec- 
tively account for less than 10% of all primary bladder 
tumors [13]. The bladder and prostate are the most 
common sites of rhabdomyosarcoma in children. The 



MRI appearance of rhabdomyosarcoma has been 
reported as isointense on Tl-weighted images and high 
in signal on T2-weighted images. Intravesical disease is 
obscured on T2-weighted images because of the simi- 
larity in signal intensity between urine and tumor. 
Gadolinium-enhanced Tl-weighted images are helpful 
in some cases for detecting bladder wall involvement, 
as with transitional cell and other epithelial tumors. 
Imaging early after gadolinium administration is impor- 
tant as the increased signal intensity of the urine and 
layering effect on later postgadolinium images obscure 
the intravesical component of the tumor [58]. 

Lymphoma and Chloroma 

Bladder involvement is more common in non-Hodgkin 
lymphoma than in Hodgkin disease. Secondary bladder 
lymphoma, associated with more generalized disease, 
is more common than primary bladder lymphoma. 
Primary bladder lymphoma has a relatively good prog- 
nosis, with the tumor remaining localized for a long 
period of time [59]. Spread may eventually occur to local 
nodes and then become generalized. In contrast, sec- 
ondary lymphoma occurs late in patients with disease; 
involvement of the bladder is usually by direct invasion 
from adjacent pelvic masses [59]. MRI appearance of 
bladder lymphoma appears as thickened bladder wall, 
with intermediate signal intensity on both Tl- and T2- 
weighted images and mild gadolinium enhancement on 
early and late images. In secondary bladder lymphoma, 
the tumor is of similar signal intensity to involved 
regional lymph nodes [59]. 

Chloroma or granulocytic sarcoma is a rare solid 
tumor composed of precursors of the granulocytic series 
of white blood cells. This tumor is seen associated with 
acute myelogenous or chronic myelogenous leukemia 
and other myeloproliferative disorders. This tumor 
rarely seen involves the bladder (fig. 11.17). 

Urachal Carcinoma 

Neoplastic involvement of the urachal remnant is rare 
but can extend anywhere along the course of the 
urachus. Annual incidence of urachal carcinoma is esti- 
mated to be 1 in 5 million. The majority occur in men 
between the ages of 40 and 70 years [60]. At presenta- 
tion, the tumor is usually advanced, with a resultant 
poor prognosis. Overall, 5-year survival is about 10% 
[60]. Approximately 90% of tumors arise from the umbil- 
ical segment, and 4% arise from the umbilical end of 
the urachus [61]. The majority of urachal cancers are 
adenocarcinomas. Seventy-five percent are mucin pro- 
ducing and thus can be associated with calcifications 
on CT [60]. Demonstration of a mass in the characteristic 
midline supravesical location, adjacent to the anterior 
abdominal wall in the space of Retzius, should suggest 
the urachal origin of the lesion. On MR images, urachal 
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Fig. 11.15 Squamous cell cancer. Tl -weighted spin-echo (a), T2-weighted spin-echo (£>), and Tl -weighted gadolinium- 
enhanced fat-suppressed spin-echo (c) images. Squamous cell cancer involving the distal right ureter and adjacent bladder wall is 
shown. The tumor is low to intermediate signal intensity on the Tl -weighted image (arrow, a) and minimally hyperintense on the 
T2-weighted image (black arrow, b). Note that there is a transition between the involved bladder wall, which is intermediate signal 
intensity, and the normal wall, which is low signal intensity (white arrow, b). After contrast administration the tumor shows moder- 
ate, heterogeneous enhancement (arrow, c), and the fat planes around the tumor are ill-defined with high-signal-intensity reticular 
strands, consistent with perivesicular fat infiltration. T2-weighted spin-echo id) and Tl-weighted gadolinium-enhanced fat- 
suppressed spin-echo (e) images in a second patient with squamous cell cancer of the bladder. The tumor is irregular in contour 
and heterogeneously and minimally hyperintense on the T2-weighted spin-echo image (arrows, d). After gadolinium administration 
there is heterogeneous enhancement of the tumor (arrows, e). Sagittal (/") and transverse (g) 512-resolution T2-weighted ETSE and 
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Fig. 11.15 (Continued) Tl -weighted gadolinium-enhanced 
fat-suppressed SGE (h) images in a third patient demonstrate a 
mildly enhancing soft-tissue mass that arises from the left postero- 
lateral bladder and extends into the paravesical fat (arrows,/-/?). 
Sagittal T2-weighted high-resolution fast spin-echo (i), single-shot 
echo-train spin-echo (/'), and Tl-weighted 90-s postgadolinium 
fat-suppressed 3D-GE (k) images in another patient with squamous 
cell cancer images show diffuse thickening of the bladder wall. 
The bladder wall demonstrates irregular thickening and heteroge- 
neous signal on high-resolution T2-weighted image (i) but 
enhances homogenously on postgadolinium image (&). In the 
bladder lumen, there is hematoma showing low signal on T2- 
weighted images (/') and intermediate signal and no enhancement 
on postgadolinium image (k). 
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Fig. 11.16 Adenocarcinoma. Tl -weighted spin-echo (a) and 
T2-weighted spin-echo (£>) images in a patient with a patent urachus. 
There is a tumor arising from the bladder and extending anteriorly 
along the urachus, which appears low in signal intensity on the Tl- 
weighted image (a) and heterogeneous and moderately high in 
signal intensity on the T2-weighted image (arrows, b). T2-weighted 
echo-train spin-echo (c), sagittal T2-weighted echo-train spin-echo 
(d), and sagittal (e) and coronal (/") Tl -weighted gadolinium- 
enhanced fat-suppressed SGE images in a second patient. A large 
pedunculated adenocarcinoma (short arrows, c-/) arises from the 
dome of the bladder. Diffuse bladder wall thickening is noted (long 
arrow, c). Heterogeneous signal of the bladder wall on the T2- 
weighted image reflects deep bladder wall invasion. The bladder 
wall is more homogeneous on the postgadolinium image because it 
was acquired late after contrast administration. Definition of tumor 
invasion of the wall is not feasible on these late postcontrast images 
because of equilibration of contrast between wall and tumor. 
A urachal remnant is apparent on sagittal plane images (long arrow, 
d, e). Sagittal T2-weighted single-shot echo-train spin-echo (g) and 
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Fig. 11.16 (Continued) sagittal Tl-weighted postgadolinium 
fat-suppressed SGE (h) images in a third patient with adenocarci- 
noma. There is an irregular mass lesion arising from the anterosu- 
perior aspect of the bladder wall, which is minimally hyperintense 
on T2 (g) and enhances mildly after gadolinium administration (If). 




carcinoma appears as low signal on Tl-weighted images 
and heterogeneous high signal on T2-weighted images 
[61], although signal characteristics vary, possibly sec- 
ondary to differences in mucin content or presence of 
necrosis. 

Metastatic Neoplasms 

Direct invasion of the bladder may occur secondary to 
prostate (fig. 11.18), rectosigmoid (fig. Il.l9a-e), and 
uterine adenocarcinomas, and adenocarcinomas of 
stomach and breast and malignant melanoma (fig. 
11. 19 j-h) may metastasize to the bladder [16]. The most 
common metastases to the bladder from distant sites are 
melanoma and gastric carcinoma. However, more com- 
monly, metastases to the bladder arise from direct 
extension of pelvic neoplasms. The diagnostic accuracy 
of MRI in the detection of bladder mucosal invasion by 
pelvic tumors was reported to be 81% in one series [62]. 



The types of tumors studied in this series were cervical, 
colon, urethral, vaginal, vulvar, and lymphoid tissue. 
False-negative findings may arise from microscopic foci 
of invasion, whereas false-positive findings may stem 
from muscularis invasion without mucosal invasion. In 
this series, it was noted that postradiation changes and 
bullous edema are distinguishable from tumor [62]. 
Multiplanar imaging with precontrast Tl- and T2- 
weighted images as well as postcontrast Tl-weighted 
images is effective at defining tumor extension to the 
bladder (figs. 11.18 and 11.19). Sagittal-plane imaging 
is particularly effective for rectal and gynecologic malig- 
nancies, and fat suppression combined with gadolinium 
enhancement is useful. Cervical carcinoma stage 4a has 
a particular propensity to invade bladder mucosa. This 
invasion is well shown with the use of sagittal-plane 
imaging and gadolinium-enhanced Tl-weighted images, 
which provide accurate diagnosis [63, 64]. 




Fig. 11.17 Bladder chloroma. T2-weighted high-resolution fast spin-echo (a), Tl-weighted SGE (£>), Tl-weighted 45-s post- 
gadolinium SGE (c), and Tl-weighted 90-s postgadolinium fat-suppressed 3D-GE (d) images show bladder wall chloroma in a patient 
with acute leukemia. An exophytic tumor originates from the anterior and left lateral bladder wall. The tumor also invades the 
bladder wall (black arrows, a), and it is hyperintense compared to the normal bladder wall on T2-weighted image (a). The tumor 
shows prominent enhancement on postgadolinium images (c, d). 




Fig. 11.18 Bladder invasion by malignant disease. 

Sagittal T2-weighted single-shot echo-train spin-echo (a), sagittal 
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Fig. 11.18 (Co ntinued) Tl -weighted gadolinium-enhanced 
SGE (b, c), and Tl -weighted gadolinium-enhanced fat-suppressed 
SGE id) images in a patient with prostate cancer. The bladder wall 
is diffusely thickened (a, b) and shows heterogeneous enhance- 
ment of the anterior wall. The prostate gland is irregularly enlarged 
and enhances heterogeneously after contrast administration (b, c). 
A nodule of tumor, extending superiorly from the prostate to the 
trigone region, enhances substantially (arrow, c). Note multiple 
bone metastases in the iliac wings that appear as high-signal 
enhancing foci id). Tl-weighted SGE (e), T2-weighted single-shot 
echo-train spin-echo (/"), and Tl-weighted postgadolinium SGE (g) 
images in a second patient with recurrent prostate cancer invad- 
ing the bladder. Tumor is intermediate in signal intensity on Tl 
(arrow, e)- and T2 (arrow, /)-weighted images and enhances mini- 
mally with gadolinium (arrow, g). 
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Fig. 11.18 (Continued) 





Fig. 11.19 Bladder invasion by malignant disease. Coronal Tl -weighted SGE (a) and sagittal Tl -weighted immediate post- 
gadolinium SGE (b) images in a patient with rectal cancer. Tumor is identified arising from the rectum and extending along the 
superior bladder (b) wall (arrows, a, b). T2-weighted single-shot echo-train spin-echo (c) and Tl-weighted gadolinium-enhanced 
fat-suppressed SGE id) images in a second patient with recurrent colorectal adenocarcinoma. The right posterior aspect of the 
bladder wall and the right seminal vesicle are thickened, with loss of the high signal of the seminal vesicle on the T2-weighted 
image (c). Tumor enhances intensely on the postgadolinium image (d), clearly defining the extent of the tumor. Tl-weighted 
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Fig. 11.19 (Continued) gadolinium-enhanced fat-suppressed SGE image (e) in a third patient with rectal cancer involving the 
bladder. A large tumor mass is present (arrow, e), which fills much of the lumen of the bladder. Tl-weighted fat-suppressed SGE 
(/"), T2-weighted high resolution fast spin-echo (g), and Tl-weighted immediate postgadolinium fat-suppressed 3D-GE (h) images 
in a patient with metastatic malignant melanoma. There is a large tumor mass (white long arrows, f-h) in the rectosacral space, 
which shows intermediate to mildly high signal on Tl-weighted image (/"), heterogeneously low signal on T2-weighted image (g), 
and heterogeneous enhancement on postgadolinium image. Additionally, there is another tumoral mass (black arrows, f-h) in the 
bladder lumen that invades the bladder wall (white short arrows, g, h) as well. This lesion shows signal and enhancement charac- 
teristics similar to the large tumoral mass located in the rectosacral space. The intermediate to mildly high signal on Tl-weighted 
image suggests the diagnosis of malignant melanoma. 



MISCELLANEOUS 



Edema 

Edema of the bladder wall as a result of acute bladder 
disease can be distinguished from bladder wall hyper- 
trophy by its longer T2, which renders it high in signal 
intensity on T2-weighted images [65]. 



Hypertrophy 

Muscular hypertrophy of the bladder wall results 
from bladder outlet obstruction. Underlying causes 



include benign prostatic enlargement (the most common 
cause in males), prostatic cancer, large pelvic tumors, 
bladder neck obstruction (functional or anatomic), and 
hydrocolpos. 

Bladder wall hypertrophy appears as an increased 
thickness of the bladder wall, which is low in 
signal intensity on T2-weighted images and does not 
enhance substantially with gadolinium. Signal intensity 
features are similar to those of normal bladder wall 
(fig. 11.20). Mucosal edema related to bladder outlet 
obstruction is usually located around the urethral 
orifice and is high signal intensity on T2-weighted 
images. 
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Fig. 11.20 Bladder wall hypertrophy. Tl-weighted SGE (a) 
and transverse (b) and sagittal (c) T2-weighted echo-train spin- 
echo images in a patient with chronic outlet obstruction from 
prostate enlargement. The bladder wall is asymmetrically thick- 
ened, with low signal intensity on Tl- and T2-weighted images. 
Note the transurethral prostatectomy defect in the bladder base 
on the sagittal image (arrow, c). Coronal T2-weighted single-shot 
echo-train spin-echo id) and Tl-weighted gadolinium-enhanced 
fat-suppressed SGE (e) images in a second patient. The bladder is 
dilated with a thickened, trabeculated wall secondary to outlet 
obstruction from prostate enlargement. Note the moderately 
increased enhancement of the bladder mucosa reflecting inflam- 
matory change (e). The prostate was also enlarged (image not 
shown), demonstrating that outlet obstruction was present. 
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Cystitis 

Inflammation of the bladder wall may be the result of 
infection, foreign bodies within the bladder, peritonitis, 
drug toxicity, or other causes. The appearance is a 
thickened bladder wall that may be focal or diffuse. On 
T2-weighted images, four layers can be appreciated 
within the inflamed bladder wall. An innermost low- 
signal-intensity band and an inner high-signal-intensity 
band represent the thickened epithelium and lamina 
propria, respectively. An outer low-signal-intensity band 
and outermost intermediate-signal-intensity bands rep- 
resent the inner compact muscle layer and outer loose 
muscle layer, respectively [11]. Increased enhancement 
after gadolinium administration is observed. The extent 
of enhancement reflects the severity of the inflammatory 
process (fig. 11.21). 

Hemorrhagic Cystitis 

Hemorrhagic cystitis is a severe form of cystitis charac- 
terized by hematuria. It may be secondary to radiation 
of the pelvis or infectious agents including Escherichia 
coli and viruses. 

Hemorrhagic cystitis demonstrates a complex 
appearance on MR images based on the Tl and T2 
characteristics of aging blood products. Active bleeding 
(oxyhemoglobin) has limited paramagnetic properties 
and behaves like simple fluid with a long Tl (low signal 
intensity on Tl -weighted images) and a long T2 (high 
signal intensity on T2 -weighted images). Acute blood 
(intracellular deoxyhemoglobin) has a long Tl (low 
signal intensity on Tl -weighted images) and a short T2 
(low signal intensity on T2 -weighted images). Intracellular 
methemoglobin has a short Tl (high signal intensity on 
Tl -weighted images) and a short T2 (low signal intensity 
on T2 -weighted images). Extracellular methemoglobin 
has a short Tl (high signal intensity on Tl -weighted 
images) and a long T2 (high signal intensity on T2- 
weighted images), and this appearance is most typical 
for subacute hemorrhage. Intracellular hemosiderin in 
an old hematoma has a medium Tl (intermediate signal 
intensity on Tl -weighted images) and a short T2 (low 
signal intensity on T2-weighted images) [66]. Thus the 
appearance of hemorrhagic cystitis demonstrates not 
only a thickened bladder wall but also the complex 
signal characteristics of hemorrhage (fig. 11.22). 

Cystitis Cystica 

Cystitis cystica is a cystic lesion that appears in the 
lamina propria. The lesion may be an incidental finding 
at biopsy but is more common in the clinical setting of 
chronic cystitis related to E. coli infection. Grossly, the 
appearance may be that of large cysts, resembling cob- 
blestones (fig. 11.23a and b) [16]. 



Cystitis Glandularis 

Cystitis glandularis is a premalignant condition associ- 
ated with chronic or recurrent infections and may be 
associated with pelvic lipomatosis and development of 
adenocarcinoma. The glandular structures appear as 
irregular mucosal lesions that mimic bladder cancer [12]. 

Granulomatous Disease 

In the setting of genitourinary tuberculosis, bladder 
involvement is common. Patients present with dysuria 
and frequency. The earliest manifestations are mucosal 
edema and ulcerations, primarily surrounding the 
ureteral orifices, which can produce obstruction. 
Tuberculomas in the bladder wall can be large and 
simulate mass lesions [67]. Focal granulomatous reac- 
tions appear as intravesical lesions with high signal 
intensity on T2-weighted images [27]. Epithelioid granu- 
lomatous lesions, which can occur in patients undergo- 
ing immunotherapy for the treatment of malignant 
bladder lesions, may appear similar to malignant tumors 
on MRI. Although MRI accurately shows these lesions 
to be confined to the vesical wall, their presence can 
lead to false-positive findings [27]. 

Endometriosis 

Urinary tract involvement of endometriosis is rare, with 
the bladder being the most common site. The endome- 
trial tissue may invade the bladder muscle and may 
protrude into the bladder lumen [12]. Endometrial 
masses are typically hyperintense on Tl -weighted 
images and relatively hypointense on T2-weighted 
images with a gradient. This entity is further described 
in Chapter 15, Adnexa, on the ovary. 

Pelvic Lipomatosis 

Pelvic lipomatosis predominantly affects black males 
between the ages of 25 and 55 years. Some patients 
present with frequency, dysuria, perineal pain, or supra- 
pubic discomfort. Although the process is benign, the 
effects may be damaging, including renal failure and 
rectal compression [68]. 

The diagnosis of pelvic lipomatosis can be sup- 
ported with the use of MRI. It characteristically appears 
as an extensive amount of fat, which appears high in 
signal intensity on Tl -weighted images surrounding the 
bladder (fig. 11.23c-e) [691 

Fistulas 

Pelvic fistulas may result from obstetrical procedures, 
surgery, trauma, radiation, infection, inflammatory 
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Fig. 11.21 Bladder inflammation. Sagittal Tl-weighted imme- 
diate postgadolinium SGE image (a) in a patient with a suprapubic 
catheter (black arrow). Substantial enhancement of the bladder wall 
is demonstrated (small arrows, a). Tl-weighted SGE (£>), immediate 
postgadolinium SGE (c), and sagittal 5-min postgadolinium SGE (d) 
images in a second patient with mild inflammatory cystitis. The 
bladder wall is irregularly thickened (arrows, £>), with minimal 
enhancement after contrast administration (arrows, c, d). Ninety- 
second postgadolinium SGE (e) and Tl-weighted postgadolinium 
fat-suppressed spin-echo (/") images in a third patient with inflamma- 
tion secondary to infection. Diffuse bladder wall thickening is present 
(arrows,/), and a large gadolinium-containing diverticulum (arrows, 
e) is identified arising from the right aspect of the bladder. A small 
high-signal-intensity tract represents the communication between 
the bladder and the diverticulum (short arrow, /). Ninety-second 
postgadolinium fat-suppressed SGE image (g) in a fourth patient who 
had undergone intraperitoneal chemotherapy. Increased enhance- 
ment of the serosal surface of the bladder (small arrows, g) is present, 
which represents chemical peritonitis. Transverse T2-weighted 
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Fig. 11.21 (Continued) high-resolution fast spin-echo (h, /), 
transverse Tl -weighted postgadolinium 45-s fat-suppressed 3D-GE 
(J, k), and sagittal Tl-weighted postgadolinium 90-s fat-suppressed 
3D-GE (/) images in another patient with pelvic abscess and 
inflammation involving the bladder, prostate, and rectum. Pelvic 
abscess (white thick arrows, /, k, /) is located in the rectovesical 
pouch, predominantly on the right side. It is located posterior to 
the bladder wall, posterolateral to the prostate, and anterior to the 
rectum. The abscess shows high signal on T2-weighted images and 
prominent peripheral enhancement on postgadolinium images. 
Additionally, there are two areas of fluid collections in the periph- 
eral zone of the prostate gland (black short thin arrows, /, k, /), 
one area of fluid collection in the anterior bladder wall (black long 
thick arrows, j, /), and one area of fluid collection posterior to the 
rectum (black long thin arrow, /). These areas also show promi- 
nent peripheral enhancement on postgadolinium images. The soft 
tissue adjacent to the abscess, the bladder wall, prostate, and 
rectal wall also shows prominent enhancement due to inflamma- 
tion. Note that there is a Foley catheter and free air in the bladder 
lumen. 
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Fig. 11.22 Hemorrhagic cystitis. Tl-weighted SGE (a), T2- 
weighted spin-echo (6), and Tl-weighted fat-suppressed spin-echo 
(c) images in a patient with hemorrhagic cystitis. The bladder wall 
and intraluminal fluid show varying signal intensities, which rep- 
resent the different phases of hemoglobin degradation. 




Fig. 11.23 Cystitis cystica and pelvic lipomatosis. Tl-weighted SGE (a) and 90-s postgadolinium fat-suppressed SGE (£>) 
images. Note that the bladder wall is uniformly thickened (short arrows) and the distal ureters are thick walled and substantially 
dilated (long arrows). Coronal T2-weighted single-shot echo-train spin-echo (c), coronal Tl-weighted SGE (d), and coronal 
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Fig. 11.23 (Continued) T2-weighted single-shot echo-train 
spin-echo (e) images at 3.0 T in a patient with pelvic lipomatosis 
show large amount of fat located in the pelvis compressing the 
bladder. The bladder is pear-shaped (black arrows, c, d), and there 
is right hydronephrosis (e) due to obstructive effects of pelvic 
lipomatosis. 
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bowel disease, or pelvic malignancies. Typically, patients 
present with urinary or fecal incontinence, pneumaturia, 
fecaluria, or vaginal discharge. Patients can be evaluated 
with cystoscopy, vaginoscopy, colonoscopy, fistulo- 
graphy, gastrointestinal contrast radiographic studies, 
sonography, scintigraphy, computed tomography, or 
magnetic resonance. 

The sagittal plane is particularly effective at dem- 
onstrating vesicocervical fistulas because it displays 
these fistulas in profile (fig. 11.24). They typically insert 
low in the bladder, a region less well evaluated on 
transverse images because of volume averaging of the 
pelvic floor musculature. Gadolinium-enhanced Tl- 
weighted images best demonstrate bladder fistulas. On 
early postgadolinium images, the fistula wall has high 
signal intensity and the tract has low signal intensity. 
Late postgadolinium images may show high-signal- 
intensity fluid within the fistula tract [70]. The addition 
of fat suppression increases the conspicuity of enhanc- 
ing fistulous tract walls (fig. 11.25). 

Postoperative Changes 

Widening of the prostatic urethra occurs after all forms 
of prostatectomies. Immediately after prostatectomy, the 
prostatic fossa is quite wide, but it rapidly involutes 
to a more normal configuration over several weeks. 
However, a residual prostatectomy defect typically is 
observed for years. The configuration of the widening 
after cryocaustic prostate surgery is bottle shaped 
and different from that of transurethral resection 
(fig. 11.26) [71]. 



Bladder Reconstruction 

A variety of bladder surgical procedures are performed 
to alter the native bladder (e.g., bladder augmentation) 
(fig. 11.27) or to create a neobladder (e.g., Indiana 
pouch) (fig. 11.28). MRI may be used to evaluate the 
reconstructed bladder and to examine for surgical com- 
plications or status of the kidneys. 

Radiation Changes 

As a sequela of pelvic radiation, bullous edema may 
arise in the bladder and may persist for months or years. 
Over time, patients may develop radiation cystitis with 
fibrosis and a contracted bladder. 

Radiation changes in the bladder increase with 
increasing radiation dose. Radiation-induced disease is 
common when the dose exceeds 4500 cGy. In one 
study, the incidence of bladder changes increased from 
8% to 51% as the dose surpassed 4500 cGy [72]. 

In patients with moderate or severe symptoms, radi- 
ation changes are detectable on MRI. However, abnor- 
malities on MRI may be present in the absence of 
symptoms. Postradiation changes of the bladder have 
MRI appearances that correlate with the severity of his- 
tologic features. The mildest form of radiation change 
results in a high signal intensity of the bladder mucosa 
with preservation of the bladder wall thickness on T2- 
weighted images. The high signal intensity typically is 
seen at the trigone but may spread to involve the entire 
mucosa and could be the result of mucosal edema. With 
more severe injury, the wall increases in thickness 




Fig. 11.24 Bladder fistula. Sagittal (a), coronal (&), and transverse (c) T2-weighted single-shot echo-train spin-echo and sagittal 
Tl-weighted gadolinium-enhanced fat-suppressed SGE (d) images in a patient after radiation therapy for ovarian cancer. The vaginal 
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Fig. 11.24 (Continued) and bladder walls are thickened, and 
a fistula between the bladder and vagina (arrow, d) is apparent. 
Sagittal-plane, Tl -weighted gadolinium-enhanced fat-suppressed 
images are particularly effective at demonstrating fistula between 
female pelvic organs and the bladder. Substantial submucosal 
edema of the bladder is appreciated as high signal on T2 (arrow, 
a) and lack of enhancement on postgadolinium images (d). Sagittal 
T2-weighted single-shot echo-train spin-echo (e) and sagittal (/") 
and transverse (g) Tl -weighted gadolinium-enhanced fat-sup- 
pressed SGE images in a second patient with cervical cancer after 
radiation therapy. Enlarged tissue in the region of the cervix is 
heterogeneous on T2- and hypointense on postgadolinium Tl- 
weighted images (f, g), consistent with cervical necrosis. The 
necrotic tissue is in continuity with the posterior bladder wall, 
and a low-signal-intensity fistulous tract is apparent on sagittal and 
transverse images (arrows, /, g). Sagittal T2-weighted single-shot 
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Fig. 11.24 (Continued) echo-train spin-echo (h) and sagittal 
Tl-weighted gadolinium-enhanced fat-suppressed SGE (/,/) images 
in a third patient with colovesical fistula. A fistulous tract is present 
in the bladder dome (arrows, b, /)• Adjacent sigmoid colon is 
thickened and demonstrates increased enhancement (/'). Sagittal 
(&) and transverse (/) 512-resolution T2-weighted ETSE images in 
a fourth patient with diverticulitis. There is a signal-void layer 
superior to the urine in the bladder, consistent with air (large 
arrow, &). A smaller focus of air is located posterior to the bladder 
wall (small arrow, k). A small fluid collection (white arrows, /) 
posterior to the bladder is shown to connect to the bladder by a 
thin fistulous track (black arrow, /). 
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Fig. 11.25 Bladder fistula. T2-weighted spin-echo (a) and 
transverse (b) and sagittal (c) gadolinium-enhanced Tl -weighted 
spin-echo images. There is a cervicovesical fistula formation after 
radiation for cervical cancer. The fistula tract is best shown on the 
sagittal postgadolinium image (arrow, c). (Courtesy of Hedvig 
Hricak, M.D., Ph.D.). T2-weighted echo-train spin-echo id) and 
Tl -weighted gadolinium-enhanced fat-suppressed spin-echo (e) 
images in a second patient with vesicocutaneous fistula. The 
bladder wall shows focal irregular thickening with an overlying 
skin defect. A thin fistula tract is apparent and is high in signal 
intensity on the T2-weighted image (arrow, d) and low in signal 
intensity on the postgadolinium image (arrow, e). On the gadolin- 
ium-enhanced fat-suppressed image, substantial enhancement of 
the soft tissues surrounding the fistula and the skin is present, 
which is consistent with inflammatory changes. 
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Fig. 11.26 Postoperative changes. Sagittal Tl -weighted 
gadolinium-enhanced fat-suppressed SGE image (a) showing 
the characteristic widening and defect of the prostatic urethra 
(arrow) following transurethral prostatectomy. Tl -weighted 
90-s postgadolinium fat-suppressed 3D-GE (b) in a patient with 
a history of bladder rupture demonstrates postoperative 
changes in the anterior bladder wall secondary to the repair. 
There is a fibrotic tissue in the operation area demonstrating 
less enhancement compared to the normal bladder wall. 
Additionally, free air and hematoma are seen in the bladder 
lumen. Note the postoperative changes in the anterior abdomi- 
nal wall. 




Fig. 11.27 Enterocystoplasty. Sagittal (a) and transverse 
(b) Tl -weighted gadolinium-enhanced fat-suppressed images 
in a patient with enterocystoplasty using small bowel for the 
augmentation procedure for primary bladder exstrophy. The 
augmented bladder (a, b) has a large, capacious appearance 
with mucosal infoldings observed in bowel. 







Fig. 11.28 Cystectomy with Indiana pouch. Coronal (a) and transverse (b) T2-weighted single-shot echo-train spin-echo 
and Tl -weighted gadolinium-enhanced fat-suppressed SGE (c) images in a patient with primary transitional cell carcinoma who 
underwent radical cystectomy with Indiana pouch construction. The Indiana pouch is fluid filled and located in the right anterior 
peritoneal cavity (arrows, a, fr). Note prominent renal pelvis bilaterally with atrophy of the left kidney (b, c). Coronal id) and 
transverse (e) T2-weighted single-shot echo-train spin-echo and Tl -weighted gadolinium-enhanced fat-suppressed SGE (/") images 
in a second patient with an Indiana pouch. The coronal T2-weighted image provides an MRU appearance of moderately dilated 
ureters bilaterally (arrows, d). The Indiana pouch is observed in the right anterior abdomen (arrow, e). Dilated renal collecting 
systems are present on the gadolinium-enhanced image (/"). Delayed excretion of gadolinium is evidenced by lack of visualization 
of gadolinium in the collecting systems by 5 min. 
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(greater than 5 mm when fully distended), and the signal 
characteristics are one of two patterns. The wall has 
either uniformly high signal intensity or low signal inten- 
sity in the inner layer with high signal intensity at the 
periphery. On gadolinium-enhanced studies, the bladder 
wall shows increased enhancement, sometimes without 
other morphologic changes on noncontrast images. This 
enhancement may occur up to 2.5 years after irradiation 
[731. With extreme radiation change, formations of fistula 
or sinus tracts are seen. Other findings of radiation 
changes are commonly present (fig. 11.29). 



CONCLUSION 



MRI is an effective technique for evaluating the full range 
of bladder disease. Staging of transitional cell carcinoma 
is the most common indication for bladder MRI investiga- 
tion and is well performed with a combination of breath- 
hold SGE or fat-suppressed 3D-GE, 512-resolution 
T2- weighted echo-train spin-echo, and immediate and 
delayed postgadolinium fat-suppressed SGE or 3D-GE 
techniques, with image acquisition in multiple planes and 
the concurrent use of a phased-array multicoil. 






Fig. 11.29 Radiation changes. Sagittal (a) and transverse (b) T2-weighted single-shot echo-train spin-echo and sagittal (c) and 
transverse (d) Tl -weighted gadolinium-enhanced fat-suppressed SGE images in a patient with primary cervical cancer who under- 
went radiation therapy. The bladder wall is diffusely thickened (a-d), and it enhances intensely and homogeneously after gadolinium 
administration (c, d). Note the dependency layering low-signal material in the bladder on the T2-weighted images, compatible with 
proteinaceous material and a clinical history of hematuria. Reticular strands in the perivesical fat and colorectal wall also enhance 
intensely because of inflammatory changes. Tl -weighted fat-suppressed SGE (e) and T2-weighted fat-suppressed spin-echo (/") images 
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Fig. 11.29 (Continued) in a second patient. On the T2- 
weighted image, there is high signal intensity of the obturator 
internus muscles and high-signal-intensity strands in the perirectal 
space, consistent with radiation-induced tissue damage. High 
signal intensity within the bladder wall on the Tl -weighted fat- 
suppressed SGE (e) and low signal intensity on the T2-weighted 
fat-suppressed spin-echo (/") images are consistent with intracel- 
lular methemoglobin due to the radiation-induced hemorrhagic 
cystitis. The fluid in the bladder is predominantly high in signal 
intensity on Tl- and T2-weighted images, which is consistent with 
extracellular methemoglobin. T2-weighted SS-ETSE (g) and Tl- 
weighted gadolinium enhanced fat-suppressed SGE (h) images in 
a third patient demonstrate uniform circumferential bladder 
wall thickening, a sequela of radiation therapy to the pelvis for 
endometrial carcinoma. Sagittal T2-weighted fast spin echo (1), 
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Fig. 11.29 (Continued) transverse Tl-weighted postgadolinium 45-s fat-suppressed 3D-GE image (/'), and sagittal Tl-weighted 
postgadolinium 90s fat-suppressed 3D-GE image (k) at 3.0 T demonstrate diffuse thickening and prominent enhancement of the 
wall, particularly the mucosa (arrow) in a patient who underwent pelvic radiation therapy. The findings are consistent with radia- 
tion cystitis. 



Use of cine MRI may provide dynamic information 
regarding pattern of bladder emptying as a function of 
time [74]. Lymph node-specific contrast agents have 
been investigated that may permit differentiation of 
lymph node malignant involvement versus hyperplastic 
enlargement. Thus the staging of bladder carcinomas 
may be improved [75]. 
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MRI TECHNIQUE 



MRI is an effective modality for the diagnosis, staging, 
and posttreatment follow-up of a variety of diseases 
occurring within the male pelvis. The routine use of a 
phased-array multicoil results in reproducible high 
image quality. Several reports have emphasized the 
value of the high spatial resolution achieved with 
endorectal coil imaging [1-3]. A combination of endorec- 
tal coil and pelvis phased-array coil imaging is an 
alternative, widely accepted technique. Signal-to-noise 
ratio is substantially improved at 3.0 T compared to 1.5 T 
[4, 5]. Higher signal-to-noise ratio can be translated 
into higher spatial and/or temporal and/or spectral 
resolution. Therefore, thinner sections can be acquired 
faster at 3.0 T compared to 1.5 T, because of high spatial 
and temporal resolutions. Isotropic spatial resolution, 
which may also be achieved at 3.0 T, can also be useful 
for radiation planning treatment strategies. Higher 
spectral resolution at 3.0 T improves the quality of MR 
spectroscopy and may obviate the need for endorectal 
coils to achieve adequate signal-to-noise ratio. Because 
of the higher spectral resolution, metabolites that 



may be obscured at 1.5 T can routinely be detected 
at 3.0T. 

Our standard male pelvis imaging protocol includes 
512-resolution transverse, coronal and sagittal T2- 
weighted echo-train spin-echo, as well as postgadolin- 
ium transverse and sagittal fat-suppressed gradient-echo 
(GE) sequences including three-dimensional (3D) or 
two-dimensional (2D or SGE) techniques. Supplemental 
precontrast non-fat-suppressed and fat-suppressed Tl- 
weighted imaging with 3D-GE or SGE sequences 
through the abdomen and pelvis should be performed 
to assess for lymphadenopathy, hemorrhage, and fat 
content of the lesions. Thinner slices are acquired with 
3D-GE sequence compared to SGE sequence, and 
3D-GE sequences should be preferred at the state-of- 
the-art MR systems at 1.5T and 3.0T. 

Magnetic resonance spectroscopy (MRS) and 
dynamic gadolinium-enhanced MR imaging of the pros- 
tate [6-11] have been reported to increase the sensitivity 
and specificity in diagnosis and evaluation of prostate 
cancer. Therefore, it has been reported that either MRS 
or dynamic gadolinium-enhanced MR imaging or both 
should be used in conjunction with the standard MR 
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protocol [6-8]. However, although these techniques are 
routinely used at some institutions, there is a need for 
further research to establish and improve their definitive 
roles in the diagnosis of prostate cancer. 



PROSTATE AND 

POSTERIOR URETHRA 

Normal Anatomy 

Approximately 70% of the prostate consists of glandular 
tissue, and the remaining 30% is composed of nonglan- 
dular tissue [6-8]. The prostatic urethra and the anterior 
fibromuscular band are the elements of nonglandular 
tissue [6-8]. The prostate is divided anatomically into 
central, transitional, and peripheral zones. The central 
zone is situated superiorly within the base of the gland 
and forms about 25% of the glandular prostate [6-8]. It 
surrounds the ejaculatory ducts. The transitional zone 
is located predominantly within the base of the gland 
and accounts for 5% of the glandular tissue [6-8]. The 
transitional zone increases in size with patient age. The 
transitional zone surrounds the prostatic urethra, which 
is located at the posterior part of the transitional zone 
superiorly. The periurethral glandular tissue composes 
less than 1% of the glandular prostate. The peripheral 
zone comprises 70% of the gland and is most extensive 
within the prostatic apex, where it forms the majority 
of the gland, and in the midgland, where it is posterior 
and posterolateral in location. The peripheral zone sur- 
rounds the prostatic urethra inferiorly. 

The prostate appears homogeneous and intermedi- 
ate in signal intensity on Tl -weighted images, and zonal 
anatomy is not demonstrable. The zonal anatomy of the 
prostate is well demonstrated on T2-weighted images 
(fig. 12.1). Signal intensity on T2-weighted images is 
directly related to the proportion of glandular elements 
and inversely related to the density of stromal or mus- 
cular elements. Thus there is increased signal intensity 
in the peripheral zone, where there is abundant glan- 
dular material, and decreased signal intensity in the 
central zone, where more striated muscle and stroma 
are present. The signal intensity of the transitional zone, 
where there is also a large volume of stroma, is similar 
to that of the central zone. Differentiation between the 
two cannot be made by imaging appearances but is 
based primarily on anatomic location. 

The anterolateral prostate is cloaked by the anterior 
fibromuscular band, which is low in signal intensity on 
both Tl- and T2-weighted images (fig. 12.1). It serves 
as a landmark, dividing the prostate from the tissues of 
the preprostatic space. The prostatic capsule also is 
comprised of fibromuscular tissue and is low in signal 
intensity on T2-weighted images (fig. 12.1). The veru- 



montanum, a central ovoid low-signal-intensity struc- 
ture, is located in the periurethral region at the midgland 
level (fig. 12.1). The neurovascular bundles are located 
posterolateral^ at 5 and 7 o'clock within the rectopros- 
tatic angles in the transverse plane (fig. 12.1). MR spec- 
troscopy can show the relative concentrations of 
metabolic chemical compounds in the prostate tissue. 
Normal prostate tissue contains high levels of citrate and 
low levels of choline and creatine (fig. 12.1). 

The prostatic and membranous portions of the 
urethra form the posterior urethra. The distal prostatic 
urethra is demonstrated as a low-signal-intensity 
rounded structure within the high-signal-intensity 
peripheral zone at the apex of the prostate (fig. 12.2). 
The membranous urethra extends from the prostatic 
apex to the bulb of the penis. The muscular wall of the 
membranous urethra forms the external sphincter, and 
embedded within its adventitia are the paired Cowper 
glands. 

Disease Entities 

Congenital Abnormalities 

Cysts are the most commonly encountered congenital 
anomalies of the prostate. Congenital prostatic cysts 
are generally high in signal intensity on T2-weighted 
images and of variable signal intensity on Tl-weighted 
images, depending on the presence of infection or 
hemorrhage. Characterized by location, which may be 
midline, paramedian, or lateral, they occur between the 
prostatic urethra or bladder anteriorly and the rectum 
posteriorly. 

Midline cysts include utricular and mullerian duct 
cysts. Utricular cysts arise from dilatation of the prostatic 
utricle, originating from the verumontanum. Frequently 
associated with other genital anomalies, they are usually 
teardrop-shaped and communicate with the posterior 
urethra (fig. 12.3) [12, 13]. 

In contrast, mullerian duct cysts do not communi- 
cate with the posterior urethra but are connected to the 
verumontanum by a stalk. Generally retrovesical in 
location (fig. 12.4), they are remnants of the mullerian 
ductal system and rarely are associated with renal agen- 
esis. Patients may present with urinary retention, infec- 
tion, and stone formation. There are associated increased 
incidences of both squamous cell and adenocarcinomas 
[12-14]. 

Cysts arising from the vas deferens or ejaculatory 
ducts are paramedian in location. Ejaculatory duct cysts 
may be either congenital or postinflammatory and gen- 
erally result from obstruction along the expected course 
of the ductal system. Cysts of the vas deferens, although 
extremely rare, most frequently involve the ampulla. 
When large, either of these paramedian cystic structures 
may appear identical to utricular or mullerian duct cysts. 









Fig. 12.1 Normal prostate. Transverse T2-weighted echo-train spin-echo (ETSE) image id). The peripheral zone is high in 
signal intensity on T2-weighted images and surrounds the lower-signal-intensity transitional and central zones. Transverse immediate 
postgadolinium fat-suppressed Tl -weighted gradient-echo (b) image in a second patient. Note the vascular enhancement delineating 
the neurovascular bundles (arrows, b) on the postgadolinium image. T2-weighted endorectal coil image (c) in a third patient with 
normal prostate. The zonal anatomy of the prostate is well demonstrated on T2-weighted images. The normal central zone and 
transitional zones are low in signal intensity (short arrows, c), and the normal peripheral zone is high in signal intensity (long arrows, 
c). The endorectal coil id) has a balloon tip, which is inflated when the coil is placed. Normal anatomy of prostate gland is dem- 
onstrated on T2-weighted images (e-h) acquired with endorectal coil (Courtesy of Fergus V. Coakley, M.D.). P, peripheral zone. T, 
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Fig. 12.1 (Continued) transitional zone. FS, anterior fibro- 
muscular stroma. White arrows, urethra. Open arrowheads, rec- 
toprostatic angle. Open arrows, neurovascular bundle. Short 
white arrows, true capsule. Black thin arrows, pseudocapsule. 
Black thick arrows, ejaculatory ducts. Curved arrow, verumonta- 
num. C, coil in the rectum. MR spectroscopy of the prostate, 
normal spectrum (/). In vivo proton spectroscopy of the prostate 
determines the levels or concentrations of citrate (Ci), choline 
(Cho), and creatine (Cr) (/). Normal prostate tissue demonstrates 
high levels of citrate. However, prostate cancer tissue shows high 
levels of choline and often diminished citrate levels. 




Fig. 12.2 Normal prostate level of apex. Transverse T2- 
weighted ETSE image. At the level of the prostatic apex, the gland 
is comprised predominantly of the peripheral zone, which is high 
in signal intensity on T2-weighted images (black arrow). The mus- 
cular wall of the urethra, which is low in signal intensity on T2- 
weighted images, is clearly depicted (white arrow). 
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Fig. 12.3 Utricular cysts. Transverse T2-weighted echo-train 
spin-echo with fat suppression (a) and transverse Qf) and sagittal 
(c) Tl -weighted fat-suppressed gradient-echo images. A rounded, 
central structure, which is high in signal intensity on the T2- 
weighted images, represents a utricular cyst (arrow, a). Note the 
lack of enhancement in the cyst relative to the surrounding pros- 
tatic parenchyma (arrows, b, c).Transverse T2-weighted spin-echo 
image id) in a second patient. A utricular cyst located in the region 
of the verumontanum is high in signal intensity on this T2-weighted 
image (arrow, d). Tl -weighted postgadolinium interstitial phase 
3D-GE image (e) demonstrates the midline cystic structure (arrow) 
in the prostate that is consistent with utricle cyst in another 
patient. Note the fused ectopic pelvic kidney located in the pelvis. 
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Fig. 12.4 Miillerian cyst. Transverse T2-weighted spin-echo 
(a) and immediate postgadolinium fat-suppressed Tl -weighted 
gradient-echo (b) endorectal coil images. A large, ovoid miillerian 
cyst is seen in the dorsal aspect of the prostate near the midline, 
which is high in signal intensity on the T2-weighted image (a) and 
intermediate in signal intensity on the postgadolinium image 
(white arrow, £>). Prostate and seminal vesicle hypoplasia. 
Transverse (c, d) and sagittal (e) high-resolution T2-weighted fast 
spin-echo images demonstrate prostate (arrow, c, e) and seminal 
vesicle (arrow, d, e) hypoplasia in another patient. The prostate 
and seminal vesicles (arrows, c-e) are hypoplastic in a young 
patient with no history of ejaculation. The bladder is larger than 
normal and elongated. Note that there is sacrum hypoplasia and 
coccyx aplasia as well. 
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Aspirated cyst fluid contains spermatozoa, permitting 
differentiation from miillerian duct cysts [12, 13, 15, 16]. 
Cysts are high in signal intensity on high-resolution T2- 
weighted images and appear signal void on postgado- 
linium images. Prostatic agenesis and hypoplasia with 
or without associated seminal vesicle agenesis or hypo- 
plasia, much rarer anomalies (fig. 12.4), often are associ- 
ated with other anomalies of the genitourinary tract. 

Mass Lesions 

Benign Masses. Proliferation of glandular, or, less 
commonly, interstitial elements of the transitional zone 
leads to benign prostatic hyperplasia (BPH), a disease 
entity observed in approximately 50% of the male popu- 
lation older than 45 years of age [17]. When changes 
are focal, they may result in the formation of nodules 
or adenomyomata. 

Glandular hyperplasia frequently results in enlarge- 
ment of the central aspect of the prostate. BPH is low 
in signal intensity on Tl -weighted images. On T2- 
weighted images, BPH may be homogeneous or hetero- 
geneous in appearance, ranging from medium to high 
in signal intensity [18-20]. Compression of the adjacent 
peripheral zone results in a low-signal-intensity band 



referred to as the surgical pseudocapsule [20, 21]. 
Adenomatous changes may result in focal, nodular 
enlargement of the gland. Signal characteristics may be 
variable on T2-weighted images [18, 22]. BPH commonly 
occurs in conjunction with prostate cancer because both 
are disease processes that increase in incidence with 
patient age (fig. 12.5). 

Distinction between interstitial hyperplasia and 
glandular hyperplasia has been described on MR images 
[19, 23]. Hyperplastic changes that predominantly 
involve the interstitium result in heterogeneous low 
signal intensity of the enlarged gland on T2-weighted 
images [19]. Focal alterations in signal intensity may 
result from infarction or cystic changes within nodules 
of glandular BPH [13, 23-25]. Areas of infarction may 
demonstrate low signal intensity on T2-weighted images 
[25]. Cystic ectasia, corresponding to dilatation of 
glandular elements, results in high signal intensity on 
T2-weighted images (fig. 12.6) [19, 23]. BPH may occa- 
sionally infiltrate the peripheral zone, making its distinc- 
tion from carcinoma problematic [23]. 

Progressive enlargement of the central portion of 
the prostate with resultant protrusion into the bladder 
leads to partial bladder outlet obstruction (fig. 12.7) [19]. 





Fig. 12.5 Prostate cancer with seminal vesicle extension 
in the setting of massive BPH. Transverse (a, b) and sagittal (c) 
T2-weighted ETSE images. The transitional zone, which is greatly 
enlarged, is heterogeneous and moderately high in signal intensity. 
The peripheral zone of the prostate (thin arrows) is thin and dif- 
fusely low in signal intensity secondary to tumor involvement (a). 
The seminal vesicles (thin arrows, b, c) also are low in signal 
intensity secondary to invasion by tumor (b, c).The bladder (large 
arrow, c) is elevated by the enlarged prostate and thick walled 
from resultant outlet obstruction. The prostate is enlarged, with 
heterogeneous signal intensities scattered throughout the central 
and peripheral zones of the prostate. The margins of the prostate 
are intact. Adenocarcinoma was present at histopathology. 
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Fig. 12.6 Benign prostatic hyperplasia. Transverse (a) and 
sagittal (b) T2-weighted ETSE image. High-signal-intensity foci are 
present, representing cystic elements of interstitial BPH (long 
arrow, b). Normal signal intensity is seen within the surrounding 
peripheral zone (short arrows, £>).Transverse T2-weighted ETSE 
endorectal coil image (c) in a second patient. Diffuse heteroge- 
neous low signal intensity within an enlarged central gland is 
consistent with the predominantly glandular subtype of BPH. 
Coronal id) and sagittal (e) high-resolution T2-weighted echo-train 
spin-echo images demonstrate enlarged transitional zone with 
bladder impression in another patient with benign prostatic 
hyperplasia. Hyperplasia is a mixed type containing glandular and 
interstitial elements. The peripheral zone is very thin because of 
the compression of central gland hyperplasia. Note the trabecula- 
tions of thickened bladder wall. 
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Fig. 12.7 Benign prostatic hyperplasia with bladder 
impression. Transverse T2-weighted ETSE (a, b) and Tl -weighted 
gradient-echo postgadolinium fat-suppressed (c) images. The pros- 
tate is enlarged, asymmetrically nodular, and heterogeneous in 
appearance, causing bladder impression. Note that the transitional 
zone is largely low signal, consistent with interstitial hyperplasia. 
Sagittal SS-ETSE (d) and Tl -weighted gradient-echo fat-suppressed 
interstitial-phase (e) images in a second patient. A prominent 
nodule arises from the transitional zone and indents the base of 
the bladder (arrow, e). Note the high-signal foci in the transitional 
zone, consistent with glandular hyperplasia. 
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After the surgical removal of periurethral tissue by 
transurethral, transvesical, or retropubic approaches, 
the adjacent prostatic urethra dilates to the level of the 
verumontanum. Residual hyperplastic tissue may be 
low to medium in signal intensity on T2-weighted 
images (fig. 12.8) [16]. Radical prostatectomy may 
result in periurethral scarring, which also is low in 
signal intensity on T2-weighted images (fig. 12.9). 
Fibrosis in the bed of the prostate and seminal vesicles 
after total prostatectomy is low in signal intensity on 
T2-weighted images and may mimic the appearance 
of a small, low-signal-intensity prostate and seminal 
vesicles. 



Malignant Masses 

rare tumors. Squamous cell cancer, transitional 
cell cancer, and sarcoma are uncommon malignancies 
that involve the prostate and account for less than 
5% of malignant tumors (fig. 12.10). In the pediatric 
population, prostate rhabdomyosarcoma is the most 
common tumor to arise from the bladder region 
(fig. 12.10) [16]. 

prostate adenocarcinoma. Approximately 95% of 
malignant prostate lesions are adenocarcinomas. 
Prostatic carcinoma is frequently latent. It may occur 
in as many as 80% of men 80 years of age or older 
and in as many as 50% of men 50 years of age or older 
[231. Its behavior depends on histologic grade/stage 
and tumor volume [26-28]. Thus tremendous con- 
troversy regarding diagnostic and treatment options 
remains. 

Approximately 70% of prostate cancers arise from 
the peripheral zone, and the remainder arise in the 
transitional and central zones. Prostate cancers arising 
from the peripheral zone are more easily detected with 
MRI compared to the prostate cancers arising from the 
transitional and central zones. Prostate cancers arising 
from all zones are generally isointense relative to sur- 
rounding tissue on Tl -weighted images. The majority 
of prostate cancers arising from the peripheral zone 
are hypointense on T2-weighted images (fig. 12.11). 
In rare instances, tumors may be isointense or hyper- 
intense [29-31]. These tumors frequently contain numer- 
ous mucinous elements [31, 32]. When isolated to the 
transitional or central zone, adenocarcinomas may 
appear heterogeneous, isointense, or hypointense rela- 
tive to surrounding tissue [24]. Thus these lesions may 
be difficult to differentiate from BPH. Prostate cancers 
can be markedly, moderately, or mildly hypervascular 
compared to surrounding normal prostate tissue. 
Markedly hypervascular tumors demonstrate increased 
enhancement on immediate postgadolinium fat- 
suppressed gradient-echo images, and they can be 



easily detected on immediate postgadolinium images, 
particularly if they are located in the peripheral zone 
(fig. 12.12). The detection of moderately or mildly 
hypervascular tumors is more difficult, particularly if 
they are located in the transitional and central zone in 
the presence of BPH. 

The higher signal-to-noise ratio, higher spatial reso- 
lution, and lack of difficulty with localization achievable 
with endorectal coils have resulted in clinical applicabil- 
ity of spectroscopy for the detection of prostate cancer 
[33-35]. However, 3.0 T MR imaging may obviate the 
need for the use of endorectal coil in the near future 
because of its higher signal-to-noise ratio. MRS may be 
used particularly as a useful adjunct to the standard MR 
evaluation of prostate cancer. The addition of a spec- 
troscopic sequence to routine MR evaluation of the 
prostate can provide direct correlation between mor- 
phologic and biochemical alterations [34]. This may be 
either single or multivoxel study. Multivoxel study is 
more advantageous because it provides metabolic infor- 
mation for a larger area. Studies have revealed increased 
levels of choline relative to that of citrate in the prostate 
cancer patient [36-38]. The choline level is elevated 
owing to a high phospholipid cell membrane turnover 
in the proliferating malignant tissue. Because the cre- 
atine peak is very close to the choline peak in the 
spectrum, it may not be possible to separate their peaks, 
and therefore the ratio of choline and creatine to citrate 
is used in the analysis for practical purposes. Citrate 
levels are decreased in the presence of prostate cancer 
because of a conversion from citrate-producing to 
citrate-oxidating metabolism. However, citrate levels 
may not be decreased. Therefore, tumor detection is 
based on the presence of an increased choline citrate 
level, or, if the choline and creatine peaks are not fully 
separable, the combined choline and creatine ratio to 
citrate (figs 12.13, 12.14, and 12.15) [7]. Although these 
metabolites show variations between the zones of the 
prostate and in the presence of BPH with increasing 
age, it has been reported that the use of MRS in com- 
bination with MRI increases the sensitivity and specific- 
ity of prostate cancer detection in the peripheral and 
transitional zones in nontreated patients. It may be pos- 
sible to differentiate between normal tissue, BPH, and 
carcinoma by identifying the metabolite ratios [35], 
although there may be overlaps between BPH and car- 
cinoma, particularly in the transitional zone. An increase 
in overall accuracy and specificity has been reported in 
the detection of tumor within the postbiopsy prostate 
[39]. MRS also may prove helpful in the evaluation of 
recurrent disease, as well as the far lateral peripheral 
zone and prostatic apex, which are less amenable to 
traditional biopsy [40-42]. 

However, the role of MRS has not been well 
established yet for the detection of prostate cancer or 
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Fig. 12.8 Defect from transurethral resection of the 
prostate (TURP). Transverse (a) and sagittal (b) T2-weighted 
ETSE images. The TURP defect is seen within the base of the 
prostate. The posterior urethra (arrows, a, b) is dilated after the 
surgical removal of periurethral tissue. Transverse T2-weighted 
fat-suppressed ETSE (c), sagittal T2-weighted fat-suppressed ETSE 
(d), and sagittal postgadolinium Tl-weighted fat-suppressed 
gradient-echo (e) images in a second patient. Dilatation of the 
prostatic urethra (arrow, c) is observed after TURP. Coronal T2- 
weighted fat-suppressed endorectal coil image (/") of a patient 
after TURP. Note slight irregularity of the TURP defect in the 
prostate. 
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Fig. 12.9 Postprostatectomy pelvis. Transverse (a) and sag- 
ittal (b) T2-weighted ETSE images. Low-signal-intensity tissue sur- 
rounds the posterior urethra within the prostatic bed (white 
arrows, a) of this patient after prostatectomy. This appearance 
results from fibrosis and scarring at the operative site. Note the 
midline scar in the subcutaneous tissue (black arrow, a), which 
is a constant observation in postprostatectomy patients. Prostate 
carcinoma recurrence after radical prostatectomy. Transverse 
(c, d) and sagittal (e) high-resolution T2-weighted fast spin-echo 
images at 3.0 T demonstrate hypointense recurrent tumor (white 
arrows, c, e) at the level of prostate bed in another patient with 
radical prostatectomy. There is another tumor infiltrating the pos- 
terior bladder wall (black arrow, d, e). Both tumors invade the 
perirectal fascia (open arrows, c, d) and the perirectal fascia is 
thickened anteriorly because of tumor involvement. Note that 
there is stranding in the left rectovesical space. Small lymph nodes 
adjacent to the tumor are also detected. 
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Fig. 12.10 Prostatic rhabdomyosarcoma. Transverse Tl- 
weighted spin-echo (a), transverse T2-weighted spin-echo (b), 
sagittal T2-weighted spin-echo (c), and sagittal postgadolinium 
Tl -weighted spin-echo id) images. A complex, predominantly 
solid mass (long arrows, a-c) compresses and displaces the 
bladder anteriorly (arrow, a-d). An area of cystic (c, b) change 
within the left aspect of the tumor is shown on the T2-weighted 
image (£>). Sagittal immediate postgadolinium Tl -weighted gradi- 
ent-echo image (e) in a second patient with prostatic rhabdomyo- 
sarcoma. A predominantly solid, complex mass (thin arrows, e) 
impresses upon the bladder posteriorly and displaces it anteriorly. 
There is bladder wall thickening from outlet obstruction (large 
arrow, e). Prostate sarcoma. Tl -weighted sagittal (/) and 




Fig. 12.10 (Continued) transverse (g) postgadolinium 3D-GE 
images demonstrate prostate sarcoma in another patient. A large 
sarcoma originating from the prostate invades the posterior 
bladder wall (white arrow, /) and anterior rectal wall (black 
arrow, /). The tumor also infiltrates the bladder and rectal walls. 
The tumor invades the inferior, anterior, and left lateral pelvic 
wall. The left internal obturator muscle (white arrow, g) is thick- 
ened because of tumor infiltration. Note that the disease also 
involves the peritoneal surfaces and adjacent bowel loops. Air is 
present in the bladder. B, bladder. R, rectum. 





Fig. 12.11 Prostate adenocarcinoma Stage T2. Transverse T2-weighted ETSE endorectal image (a). A focus of low signal 
intensity is seen within the peripheral zone in this patient with Stage T2 adenocarcinoma of the prostate (arrow, a). Endorectal 
transverse T2-weighted ETSE image (b) in a second patient with prostate carcinoma. A hypointense tumor is seen within the 
peripheral zone of the prostate at the level of the apex (arrow, b). Endorectal coronal T2-weighted ETSE image (c) in a third patient 
with prostate carcinoma. A low-signal-intensity focus within the apex of the prostate represents primary adenocarcinoma (black 
arrow, c). Note the incidental midline utricular cyst, which is high in signal intensity on the T2-weighted image (white arrow, c). 
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Fig. 12.11 (Continued) Prostate carcinoma, Stage T2. 

Transverse id) and sagittal (e) high-resolution T2-weighted fast 
spin-echo images and transverse fat-suppressed Tl -weighted 
3D-GE (/) and transverse postgadolinium fat-suppressed 3D-GE 
(g) images at the level of the midgland of the prostate. A hypoin- 
tense tumor is seen within the left peripheral zone of the prostate 
(arrows, d, e), with moderate enhancement on postcontrast image 
(arrow, g). There is no extracapsular extension. Hyperintense 
areas on precontrast Tl -weighted image in the right peripheral 
zone are consistent with postbiopsy hemorrhage (arrow,/). 



recurrence of prostate cancer in patients following 
biopsy or in patients with chronic prostatitis, prostate 
atrophy due to hormonal treatment, and fibrosis due to 
radiation treatment or surgery [6-11]. The changes in 
the metabolites may mimic prostate cancer in patients 
with chronic prostatitis and fibrosis of the prostate or 
prostate bed due to radiation treatment or surgery [6- 
11]. Additionally, the loss of metabolites in patients with 



prostate atrophy following hormonal therapy and spec- 
tral degradation following biopsy may prevent MRS 
from reaching a diagnostic conclusion [6-11]. Therefore, 
MRI findings should be used in combination with MRS 
in these patients [6-11]. 

Dynamic gadolinium enhanced MR imaging of the 
prostate has been reported to be successful in the 
detection of prostate cancers, although the role of 
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Fig. 12.12 Prostate carcinoma. Transverse T2-weighted 
ETSE (a) and transverse immediate postgadolinium fat-suppressed 
Tl -weighted gradient-echo (b) images. High-resolution T2- 
weighted image (a) reveals a well-defined carcinoma within the 
peripheral zone of the right lobe of the prostate (arrow). Smaller 
tumor volume is present within the left lobe (a). Immediate post- 
gadolinium image demonstrates enhancement of the tumor focus 
within the right lobe (arrow, £>). More ill-defined enhancement is 
seen within the left lobe (£>). Transverse T2-weighted ETSE (c) 
images in a second patient. There is a heterogeneous enlargement 
of the central aspect of the prostate consistent with prostatic 
hypertrophy. Several foci of low signal are noted at the 6 and 8 
o'clock positions (arrows, c) within the gland, consistent with 
prostate cancer. 




this technique has not yet been well established 
[6, 8]. Because of angiogenesis, increased vascular 
permeability, and greater interstitial space, cancerous 
tissue shows a hypervascular enhancement pattern that 
is different from that of normal tissue [6, 8]. This 
enhancement pattern can be detected with very fast 
dynamic gradient-echo sequences, and resultant perfu- 
sion data can be obtained [6, 8]. These perfusion data 
can be presented as a time-signal intensity curve (figs 
12.13, 12.14, and 12.15). The tumoral tissue shows 
strong early enhancement (wash-in) and rapid wash-out 
compared to normal prostate tissue [6, 8]. However, 
although this enhancement pattern is detected in mark- 
edly hypervascular tumors, mildly or moderately hyper- 
vascular tumors may not demonstrate this enhancement 
pattern and this may lead to false negative diagnoses 
[6, 8]. The enhancement patterns of transitional zone 
cancers may also not be differentiated from BPH tissue, 
and this constitutes another disadvantage of the tech- 
nique [6, 8]. Additionally, there is no consensus on the 
acquisition protocols and optimal perfusion parameters 
differentiating cancer from normal tissue [6, 8]. 



Tumors spread first to penetrate the prostatic 
capsule (fig. 12.13). After capsular penetration, tumor 
extends to the neurovascular bundles and seminal ves- 
icles (figs. 12.14 and 12.15). Bladder invasion occurs 
commonly in advanced-stage prostate cancer and may 
be extensive (figs. 12.15 and 12.16). The most common 
sites of metastasis are the bone marrow and lymph 
nodes. Infiltration of the pelvic lymphatics, particularly 
the obturator, external, and internal iliac chains, pre- 
cedes distant metastases to the bones and retroperito- 
neum. Bone marrow in the iliac bones is frequently 
marbled in signal intensity on Tl- and T2 -weighted 
images, rendering detection of bone metastases at times 
problematic. On gadolinium-enhanced fat-suppressed 
images, metastases appear as relatively well-defined 
focal mass lesions or diffusely enhancing extensive 
bony infiltration in a low-signal-intensity background of 
fatty or fibrotic marrow (fig. 12.17). The emergence of 
managed care and fiscal constraint has led to the search 
for comprehensive imaging evaluation of the oncology 
patient with a single modality. In addition to the promise 
of a combined approach, employing contrasted MRI and 
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Fig. 12.13 Prostate carcinoma with capsular penetra- 
tion. T2-weighted ETSE endorectal image (a) demonstrates low- 
signal-intensity tumor within the peripheral zone of the prostate 
that extends posterolaterally (arrow, a), indicating capsular pen- 
etration. Transverse (b) and sagittal (c) T2-weighted ETSE images 
in a second patient demonstrate diffuse low signal intensity of the 
peripheral zone, consistent with diffuse carcinoma. Capsular pen- 
etration is observed at the 8 o'clock position (arrow, b). Seminal 
vesicle invasion is clearly shown in the sagittal projection (arrow, 
c), with involvement of the bladder base also appreciated. Pros- 
tate carcinoma with extracapsular extension, Stage T3a. 
Transverse high-resolution T2-weighted fast spin-echo image id) 
demonstrates low-signal-intensity tumor within the transitional 
and peripheral zones of the prostate bilaterally showing extracap- 
sular extension (arrows), invasion of anterior perirectal fascia 
(arrows), and obliteration of rectoprostatic angles (arrows). The 
tumor and its extracapsular extension show prominent enhance- 
ment on transverse arterial-phase postgadolinium fat-suppressed 
3D-GE image (e). Time-signal intensity curve of the dynamic 3D-GE 
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Fig. 12.13 (Continued) imaging (/) demonstrates fast and strong enhancement (washin) and fast washout of the tumor, sug- 
gestive of prostate cancer. Single-voxel MR spectroscopy (g) demonstrates the absence of citrate peak and the elevation of choline 
(Cho) peak, suggestive of prostate cancer. Prostate carcinoma with extracapsular extension, Stage T3a. Transverse high reso- 
lution T2-weighted fast spin-echo image (h) demonstrates low-signal tumor with extracapsular extension located in the left periph- 
eral zone. Multivoxel MR spectroscopy (i) demonstrates the characteristic absence of citrate peak and the elevation of choline-creatine 
peak in the designated voxels (*), suggestive of prostate cancer. (Courtesy of Fergus V. Coakley, M.D.) 
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Fig. 12.14 Prostate carcinoma, diffuse involvement. 

Transverse (a) and sagittal (b) SS-ETSE images. The prostate is 
enlarged with a transurethral prostatic resection defect in the 
superior aspect of the gland (arrow, a). The peripheral zone of the 
prostate is diffusely low signal on T2-weighted images, consistent 
with diffuse tumor infiltration. This is shown on both transverse 
and sagittal projection. Note seminal vesicle involvement on 
the sagittal projection (arrow, £>). Prostate carcinoma, diffuse 
involvement with extracapsular extension and seminal 
vesicle invasion, Stage T3b. Transverse high-resolution T2- 
weighted fast spin-echo images at 3.0 T (c, d) demonstrate low- 
signal-intensity tumor within the transitional and peripheral zones 
of the prostate bilaterally showing extracapsular extension 
(arrows, c) and invasion of seminal vesicles (arrows, d). Seminal 
vesicles are seen as hypointense structures because of the 
invasion. The tumor shows strong enhancement on transverse 
fat-suppressed postgadolinium arterial phase 3D-GE image at 3.0 T 
(e). Time-signal intensity curve of the dynamic 3D-GE imaging (/) 





Fig. 12.14 (Continued) demonstrates fast and strong enhancement (washin) and fast washout of the tumor, suggestive of 
prostate cancer. Single-voxel MR spectroscopy (g) demonstrates the absence of citrate peak and the elevation of choline (Cho) 
peak, suggestive of prostate cancer. Note the presence of small periprostatic lymph nodes. (Figures c-g, courtesy of Fergus V. 
Coakley, M.D.) 





Fig. 12.15 Prostate cancer with seminal vesicle invasion. Transverse (a, b) and sagittal (c) T2-weighted ETSE images. A 
1-cm tumor (white arrow) within the left aspect of the prostate at the midgland level is low in signal intensity on the T2-weighted 
image (a). The left seminal vesicle (black arrow, b) is diffusely low in signal intensity secondary to diffuse tumor involvement. Note 
the normal high-signal-intensity cluster of grapes appearance of the right seminal vesicle (b). Loss of normal architecture and diffuse 
low signal intensity of the left seminal vesicle (black arrows) is confirmed on the sagittal image (c). Transverse T2-weighted ETSE 






Fig. 12.15 (Continued) endorectal coil id) and postgadolinium Tl -weighted fat-suppressed Tl-weighted gradient-echo endorec- 
tal coil (e) images in a second patient. There is ill-defined low-signal-intensity tissue (arrows) within the medial aspects of the seminal 
vesicles on the T2-weighted image (d), corresponding to tumor invasion. Loss of the normal architecture of the seminal vesicles 
medially (arrows) indicates tumor invasion on the postgadolinium Tl-weighted image (e). Coronal T2-weighted ETSE endorectal 
coil image (/) in a third patient with seminal vesicle invasion. There is low signal intensity within the inferomedial aspects of the 
seminal vesicles (arrow, /) secondary to tumor invasion. Transverse (g, h) and sagittal (i) T2-weighted ETSE images in a fourth 
patient. There is low-signal-intensity tumor in the peripheral zone of the prostate at the midgland level extending from the 2:30 to 
7:00 o'clock positions. Transverse and sagittal projections of the seminal vesicle demonstrate tumor involvement. Endorectal coil 
T2-weighted echo-train spin-echo image (7) in a fifth patient demonstrates involvement of the right seminal vesicle. Endorectal 
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Fig. 12.15 (Continued) T2-weighted echo-train spin-echo coronal (k) and transverse (/) images in a sixth patient demonstrate 
involvement of the medial portions of bilateral seminal vesicles. Imaging in two planes provides increased observer confidence of 
diagnosing tumor involvement. Prostate carcinoma, diffuse involvement with extracapsular extension, seminal vesicle 
and bladder invasion, Stage T4. Transverse (m, n) and sagittal (o) high-resolution T2-weighted fast spin-echo images at 3.0 T 
demonstrate diffuse low-signal-intensity tumor involving the peripheral and transitional zones of the prostate. The contour bulging 
and extracapsular spiculations suggest the extracapsular extension bilaterally and posterolaterally. There is also neurovascular 
bundle invasion (arrows, m,p). The tumor invades the bladder wall and trigone and causes obstruction of bilateral ureters (arrows, 
n, o). The seminal vesicles (open arrow, o) are seen as hypointense structures because of the tumor invasion. The tumor shows 
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Fig. 12.15 (Continued) strong enhancement on transverse fat-suppressed postgadolinium arterial-phase 3D-GE image at 3.0T 
(p). Time-signal intensity curve of the dynamic 3D-GE imaging iq) demonstrates fast and strong enhancement (washin) and 
fast washout of the tumor, suggestive of prostate cancer. Single-voxel MR spectroscopy (r) demonstrates the absence of citrate 
peak and the elevation of choline (Cho) peak, suggestive of prostate cancer. (Figures m-r courtesy of Fergus V. Coakley, M.D.) 
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Fig. 12.15 (Continued) Prostate carcinoma, Stage T4. Transverse (s) and sagittal (0 high-resolution T2-weighted fast spin- 
echo images in another patient demonstrate a large prostate carcinoma that invades the seminal vesicles, posterior bladder wall, 
anterior perirectal fascia, and adjacent fat tissue. Note enlarged presacral lymph nodes as well (arrows, 0- A Foley catheter is present 
in the bladder (s). 



Fig. 12.16 Anaplastic prostate carcinoma. Coronal T2- 
weighted ETSE endorectal coil image. Lobular low-signal-intensity 
tissue invading the urinary bladder (arrows) represents invasive 
prostate carcinoma in this patient with a normal prostate-specific 
antigen level. 




MRS, a survey examination for osseous metastatic 
disease may be merited for patients at higher risk. 
These examinations could include a limited number of 
sequences for the assessment of those anatomic areas 
most likely to harbor metastases: the spine, pelvis, and 



femora. The sequence with the greatest consistency in 
the detection of osseous metastases is Tl -weighted, 
gadolinium-enhanced, fat-suppressed gradient echo. 
This can be performed in imaging planes complemen- 
tary to sequences employed in the evaluation of the 





(e) 



Fig. 12.17 Osseous metastases secondary to prostate 
carcinoma. Transverse 90-s postgadolinium fat-suppressed Tl- 
weighted gradient-echo image (a). Metastatic lesions are focal, 
well-defined enhancing lesions in a background of low-signal- 
intensity fatty marrow on gadolinium-enhanced fat-suppressed 
images. Gadolinium-enhanced fat-suppressed technique enables 
accurate differentiation of enhancing metastatic foci (white 
arrows) from the frequently marbled appearance of normal bone 
marrow in the older patient. High-signal-intensity intraluminal 
flow surrounded by low-signal-intensity mural thrombus is seen in 
an incidental left internal iliac artery aneurysm (black arrow). 
Prostate cancer metastases. Tl -weighted postgadolinium fat- 
suppressed hepatic arterial dominant-phase (b) and interstitial- 
phase (c-e) images at 3.0 T demonstrate liver metastases (arrows, 
b) and bone metastases (arrows, c-e), which show prominent 
enhancement in another patient with prostate cancer. 
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Table 12.1 American Joint Committee on 
Cancer Staging of Prostate 



Carcinoma 



Primary Tumor 

TO No evidence of primary tumor 

T1 Clinically inapparent, not visible by imaging 

T2 Tumor confined to the prostate (may involve capsule) 

T3 Tumor extends beyond capsule (T3a, unilateral or bilateral 
extracapsular extension/T3b, seminal vesicle invasion) 

T4 Invasion of adjacent structures other than seminal vesicles 
(bladder, rectum, levator m.) 

Regional Lymph Nodes 

NO No regional lymph node metastasis 

N1 Regional lymph node metastasis 

Distant Metastasis 

MO No distant metastasis 

M1 Distant metastasis (regional nodes, bone, other sites) 



Table 12.2 American Urological 
Association Staging of Prostate Carcinoma 

A Clinically inapparent 

B Tumor confined to the prostate 

C Tumor extends beyond capsule (may involve seminal 

vesicles) 
D Metastatic disease to pelvic or distant nodes, bones, soft 

tissues, or organs 



primary tumor to minimize the overall duration of 
scanning. 

Table 12.1 outlines the American Joint Committee 
on Cancer's TNM staging classification of prostate car- 
cinoma [28]. The American Urological Association 
staging system, developed by Whitmore and Jewett, 
assigns alphabetical stages (A through D) to disease 
extent that correspond roughly to the primary tumor 
staging (Tl through T4) of the TNM system [43], which 
is outlined briefly in Table 12.2. Histologic grading may 
be by degree of anaplasia, DNA ploidy (diploid, tetra- 
ploid, or anaploid), or Gleason score, which sums the 
scores of the two most predominant glandular patterns 
of the tumor to predict aggressivity. 

Currently accepted therapies for Stage Tl, T2, and 
T3 disease include radical prostatectomy and radiation 
therapy, including both external beam irradiation and 
radioisotope implants. Radical prostatectomy is gener- 
ally reserved for patients with either Stage Tl or Stage 
T2 disease. Stage T4 disease is treated palliatively with 
either hormonal or radiation therapies. Clinical assess- 
ment and treatment decisions are based on imaging 



stage, pathological grade, and prostate-specific antigen 
levels, as well as the patient's age and general state of 
health. Accurate tumor staging is essential for appropri- 
ate clinical decision making. 

Detection of extracapsular extension precludes 
radical prostatectomy in the younger patient. A variety 
of signs have been used to predict extracapsular exten- 
sion by MRI. These include focal contour abnormalities 
of the prostatic capsule including angulation and spicu- 
lation, obliteration of rectoprostatic angles, tumor 
volume, apical location, broad margins with the prostate 
capsule, infiltration of the periprostatic fat with a breech 
of the capsule, and asymmetry or tumor envelopment 
of neurovascular bundle [6, 18, 32, 44, 45]. Seminal 
vesicle invasion is demonstrated by low signal intensity 
on T2-weighted images, enlarged low-signal-intensity 
ejaculatory ducts, enlarged low-signal-intensity seminal 
vesicles, direct tumor invasion, and obliteration of the 
angle between the prostate and seminal vesicles (fig. 
12.15) [6]. Increased staging accuracy can be achieved 
with the use of T2-weighted endorectal coil MRI and 
prostate-specific antigen values [46-48]. 

Identification of invasion of the neurovascular 
bundles can have important clinical implications because 
preservation of one or both bundles during radical 
prostatectomy results in a significantly decreased inci- 
dence of postoperative impotence. Identification of 
direct tumor extension posterolateral^ into the neuro- 
vascular bundles, decreased signal intensity obliterating 
the rectoprostatic angle, and focal contour abnor- 
malities within the posterolateral aspect of the gland 
on transverse T2-weighted images have been shown 
to be valuable in the prediction of neurovascular 
invasion [49]. 

Hormonal (fig. 12.18) and radiation (fig. 12.19) 
therapies may result in low signal intensity within the 
prostate. Postbiopsy changes also may mask prostate 
cancer. High signal intensity in the peripheral zone 
(fig. 12.20) or seminal vesicles on Tl- and T2-weighted 
images reflects postbiopsy hemorrhage, which can 
thereby conceal underlying tumor (fig. 12.21). Cryo- 
surgery may result in necrosis and loss of zonal anatomy 
[44, 50]. Because either recent biopsy or cryosurgery 
may hinder differentiation from residual carcinoma, 
MRI should generally be delayed at least 3 weeks after 
intervention [44]. 

A variety of tumors may metastasize to the prostate. 
The appearance of metastases may mimic primary 
tumors (fig. 12.22). A history of another primary site of 
malignancy usually is present. 

The detection of small malignant lymph nodes with 
lymphotropic superparamagnetic nanoparticles has 
been reported. However, the role of this technique has 
not yet been well established, and there is need for 
further research. 
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Fig. 12.18 Prostatic cancer after hormone therapy. 

Transverse ETSE image demonstrates a small, globule-shaped het- 
erogeneously dark prostate. This appearance, which includes 
decrease in prostate size and signal intensity, is typical for hormone 
therapy. 






Fig. 12.19 Postradiation changes. Transverse T2-weighted ETSE (a, b) and 90-s gadolinium-enhanced fat-suppressed Tl- 
weighted gradient-echo (c) images. The prostate is enlarged, with diffuse low signal intensity of the entire gland. Radiation changes 
and hormonal therapy result in diffuse low-signal changes, which makes detection of persistent cancer not feasible. Substantial 
thickening is noted of the rectal wall (c) with extensive perirectal stranding (a, c) consistent with radiation changes. Brachytherapy 
seeds. T2-weighted high-resolution fast spin-echo image id) demonstrates brachytherapy seeds as low-signal-intensity structures in 
the prostate gland. (Courtesy of Fergus V. Coakley, M.D.) 
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Fig. 12.20 Postbiopsy hemorrhage within the prostate. 

Transverse fat-suppressed Tl -weighted gradient-echo (a) image. 
There are two high-signal-intensity foci in the anterior apex of the 
gland, consistent with postbiopsy hemorrhage. Tl -weighted spin- 
echo Qf) and endorectal coil T2-weighted echo-train spin-echo (c) 
images in a second patient demonstrate biopsy changes in the 
right aspect of the peripheral zone that appear high signal on Tl 
and low signal on T2. Biopsy changes may simulate or mask pros- 
tate cancer on T2-weighted images. Appreciation of high signal 
on Tl-weighted images identifies the presence of hemorrhage. 
Postbiopsy hemorrhage within the seminal vesicles. 
Transverse high-resolution T2-weighted fast spin-echo (d, e), trans- 
verse Tl-weighted fat-suppressed 3D-GE (/), and transverse Tl- 
weighted postgadolinium fat-suppressed 3D-GE (g) images at 3.0 T 
demonstrate postbiopsy hemorrhage in another patient with 
prostate carcinoma with extracapsular extension. A focus of low 
signal intensity is seen within the peripheral zone of the right 
lobe of the prostate on T2-weighted image (d), and the tumor 
shows extracapsular extension (arrow, d). The seminal vesicles 
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Fig. 12.20 (Continued) demonstrate low signal on T2 weighted image (e) and high signal on Tl-weighted image (/) due to 
blood products secondary to the biopsy procedure. The prostate gland including the tumor (arrow) shows heterogeneous moderate 
enhancement on postgadolinium image (g). Postbiopsy hemorrhage within the prostate. Transverse high-resolution T2- 
weighted fast spin-echo (h) and transverse Tl-weighted fat-suppressed arterial-phase 3D-GE (/) images demonstrate postbiopsy 
hemorrhage in another patient with prostate carcinoma with extracapsular extension. The tumor, which shows markedly low signal 
on T2-weighted image, invades the fibromuscular stroma anteriorly (black arrow, h) and the capsule posterolateral^ on the right 
side (white arrow, h). Areas of markedly increased signal (arrows, on Tl-weighted image demonstrate moderately high signal on 
T2-weighted image (h), and these findings are consistent with blood products secondary to the biopsy procedure. 



Diffuse Disease 

Prostatic Calcifications. Prostatic calcifications 
may be either primary or secondary in origin. Primary 
prostatic calcifications form within the ductal and acinar 
components of the gland. Acquired calcifications include 
those arising within the prostatic urethra or secondary 
to other etiologies, including infection, obstruction, 
necrosis, and radiation therapy [51]. 



Calcification appears as a signal-void focus on 
both Tl- and T2-weighted images. Primary prostatic 
calcifications classically have a curvilinear configuration. 
Secondary dystrophic calculi are generally larger and 
more irregular in appearance [16, 21, 51]. Several age- 
related changes within the prostate are well recognized. 
The peripheral zone enlarges approximately 67%, 
and the central gland, which includes both the central 
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Fig. 12.21 Prostate cancer with hemorrhage in the left seminal vesicle after biopsy. Fat-suppressed Tl -weighted 
gradient-echo (a) and T2-weighted ETSE (£>) images. Diffuse increased signal intensity in the left seminal vesicle on Tl -weighted 
images (a) and diffuse low signal on T2-weighted images (b) are consistent with hemorrhage related to biopsy changes. 




Fig. 12.22 Prostate metastasis. Tl-weighted spin-echo (a), 
T2-weighted echo-train spin-echo (£>), and endorectal coil trans- 
verse T2-weighted echo-train spin-echo (c) images in a patient 
with colon cancer. A large metastasis is present in the prostate 
that is isointense on Tl-weighted imaging (arrow, a) and hetero- 
geneous and slightly hypointense on T2-weighted imaging (b, c). 
The left seminal vesicle is also extensively invaded (arrow, c). 
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and transitional zones, enlarges approximately 175% 
between the second and eighth decades [52]. Although 
the zonal anatomy becomes more clearly defined, the 
periprostatic venous plexus and anterior fibromuscular 
stroma are less easily distinguished in the older patient 
[52, 531. 

Inflammation and Infection. Inflammatory pro- 
cesses of the prostate may be classified as either bacte- 
rial or nonbacterial in origin. Gram-negative organisms 
are responsible for 90-95% of infectious prostatitis 
cases. Approximately 80% of these result from infection 
with Escherichia coli, whereas 10-15% are the conse- 
quences of Klebsiella, Serratia, Proteus, Pseudomonas, 
and Enterobacter infections. The remaining cases result 
from infection by gram-positive organisms, including 
Enterococcus, Streptococcus, and Staphylococcus [54]. 

MRI of acute prostatitis frequently reveals an 
enlarged gland with abnormal signal intensity within 
the peripheral zone. Low signal intensity on Tl -weighted 



images and higher signal intensity on T2-weighted 
images are often observed. Areas of inflammation 
demonstrate diffusely increased signal intensity after 
intravenous administration of gadolinium. Infiltration of 
the adjacent periprostatic fat and involvement of the 
seminal vesicles are frequent associated findings [16]. 
Chronic prostatitis results in lesser inflammatory changes. 
Focal low signal intensity within the peripheral zone 
may result from chronic granulomatous prostatitis, sim- 
ulating the MRI appearance of prostate carcinoma (fig. 
12.23) [55]. 

Abscesses can result in ill-defined, focal enlarge- 
ment of the prostate that is appreciable on Tl- and 
T2-weighted images. Abscesses are often very high in 
signal intensity on T2-weighted images (fig. 12.24). 
There are frequently associated inflammatory changes 
in the periprostatic fat [21]. Enhancement of the abscess 
wall and inflammatory tissue surrounding a signal-void 
center is demonstrated on gadolinium-enhanced Tl- 
weighted fat-suppressed images. 





Fig. 12.23 Chronic prostatitis. Transverse T2-weighted 
ETSE image (a) at the midgland level reveals low signal intensity 
within the peripheral zone of the prostate. This entity may mimic 
the appearance of carcinoma. Transverse (b) and sagittal (c) high- 
resolution T2-weighted fast spin-echo images demonstrate mildly 
low signal (arrows, b, c) in the peripheral zone bilaterally, which 
is consistent with chronic prostatitis. Note that there is a seminal 
vesicle cyst. 
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Fig. 12.24 Prostate abscess. Transverse T2-weighted 
echo-train spin-echo (a) and sagittal gadolinium-enhanced, fat- 
suppressed Tl -weighted gradient-echo (£>) images. The prostate 
contains multiple, irregular, fluid-filled spaces. There is extensive 
rim and perilesional enhancement (arrow, b). Rupture of mem- 
branous urethra. Transverse T2-weighted single-shot echo-train 
spin-echo (c) and coronal Tl -weighted fat-suppressed postgado- 
linium interstitial-phase 3D-GE (d) images in another patient 
with traumatic rupture of membranous urethra. A fluid collection 
(arrow) adjacent to the corpus spongiosum and left corpus caver- 
nosum is detected on T2-weighted image (c). Contrast leak and 
accumulation (arrows) are detected adjacent to the membranous 
urethra on postgadolinium image id). Adductor muscle on the left 
thigh also shows high signal on postgadolinium image id) due to 
trauma. 
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Trauma 

Posterior urethral trauma may occur in association with 
crush injuries or extensive pelvic fracturing (fig. 12.24). 
There may be complete disruption of the prostatomem- 
branous urethra, with resultant erectile dysfunction and 
stricture formation. Demonstration of superior prostatic 
displacement on imaging studies is useful because it 
may alter the surgical approach [56]. 

Disruption of the posterior urethra is identified by 
urethral discontinuity and a low-signal-intensity band 
on T2-weighted images. Stricture-associated fibrosis is 
shown on Tl- and T2-weighted images as low-signal- 
intensity tissue. Sagittal T2-weighted images clearly 
depict displacement and elevation of the prostatic apex 
above the pubic symphysis, which may necessitate a 
suprapubic approach or pubectomy [16, 56, 57]. 

PENIS AND ANTERIOR URETHRA 

Normal Anatomy 

The anterior urethra is separated into bulbous and 
penile portions by the suspensory ligament of the penis. 
It is surrounded by the corpus spongiosum, which in 
turn is enveloped by a thin layer of the tunica albuginea. 
These structures comprise the ventral compartment of 
the penis. The dorsal compartment contains the paired 
corpora cavernosa. The two compartments are sepa- 
rated by Buck fascia, which encases both the thin layer 
of tunica albuginea surrounding the ventral compart- 
ment and a thicker layer surrounding the dorsal 
compartment [57]. 



The posterior portion of the corpus spongiosum 
expands to form the bulb of the penis, which is attached 
to the urogenital diaphragm. Immediately inferior and 
lateral to the bulb lies the bulbospongiosus muscle. The 
posterior aspects of the corpora cavernosa form the 
crura, which are attached to the ischiopubic ramus 
and are contiguous with the ischiocavernosus muscles 
inferomedially [58]. 

MRI studies should be performed with a circular 
surface coil or a phased-array multicoil to achieve a 
good signal-to-noise ratio and spatial resolution. On 
Tl -weighted images, both the corpora spongiosa and 
cavernosa demonstrate homogeneous, medium signal 
intensity. The corpus spongiosum demonstrates a 
homogeneous high signal intensity on T2-weighted 
images, whereas the corpora cavernosa may demon- 
strate homogeneous or heterogeneous increases in 
signal intensity, depending on perfusion distribution 
(fig. 12.25). The bulb of the penis is a useful landmark 
because of its high signal intensity on T2-weighted 
images. 

The urethra and cavernous arteries are identified as 
low-signal-intensity tubular structures within the centers 
of the corpus spongiosum and corpora cavernosa, 
respectively. The fascial layers demonstrate low signal 
intensity on both Tl- and T2-weighted images. 
Gadolinium administration results in an increased signal 
intensity of both the corpus spongiosum and corpora 
cavernosa, enabling improved differentiation from the 
surrounding muscle and fascial layers (fig. 12.26). 
Greater delineation of anterior urethral and penile 
anatomy is achieved with the application of fat satura- 
tion techniques. 





Fig. 12.25 Normal penis. Sagittal T2-weighted ETSE image (a). The corpus cavernosum is high in signal intensity on the T2- 
weighted image (black arrow, a). The high signal intensity of the bulb of the penis is seen posteriorly (white arrow, a). A T2-weighted 
fat-suppressed ETSE image (b) in a second patient. The bulb of the penis is well defined as a high-signal-intensity structure (white 
arrow, b). 
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Fig. 12.26 Normal progression of enhancement of 
the penis. Coronal immediate postgadolinium Tl -weighted 
gradient-echo image. Enhancement of the corpus spongiosum 
(arrow) and corpora cavernosa commences proximally and 
centrally, as seen on this immediate postgadolinium image. 
There is subsequent progression of enhancement outward and 
distally within the erectile bodies. 



Disease Entities 

Congenital Abnormalities 

Epispadias is a rare anomaly characterized by absence 
of the dorsal covering of the distal urethra and ectopic 
placement of the proximal urethral aperture, which may 
be located anywhere along the length of the penis. This 
entity is almost always associated with bladder exstrophy 
and accompanying pubic diastasis. MRI reveals separa- 
tion of the corpora cavernosa and inversion of their 
normal relationship with the corpus spongiosum at the 
level of the pubic symphysis. Hence, the urethra assumes 
a more cephalad position. The detailed anatomic display 
provided by MRI enables careful surgical planning. 

Hypospadias denotes a proximal, ventral location 
of the meatus. Perineal hypospadias is frequently asso- 
ciated with a ventral fibrous band, resulting in a chordee 
deformity. There may be foreshortening of the urethra 
with either epispadias or hypospadias [591. 

In rare instances, partial aplasia of the corpora 
cavernosa may lead to erectile dysfunction. Patients 
frequently have other associated anomalies within the 
genitourinary tract. Irregularity of length and caliber 
are well shown on T2-weighted images (fig. 12.27). 
Diphallus is another rare anomaly, resulting in partial 
or complete duplication of the erectile bodies and 
urethra. Frequently, there is associated shortening of the 
perineum or asymmetric development of the corpora 
cavernosa and ischiocavernosus muscles. Again, the 
detailed anatomic information provided by MRI permits 
accurate surgical planning. The MRI signal characteris- 
tics of the supernumerary corpora are identical to those 
of normally configured corpora [57, 58]. 




Fig. 12.27 Partial aplasia of the corpora cavernosa 
and spongiosum. Sagittal T2-weighted ETSE image. The distal 
aspects of the corpora cavernosa and spongiosa are atrophic 
and demonstrate a dramatic change in caliber (arrows) in this 
patient presenting with distal erectile dysfunction. The patient 
had other concomitant urogenital anomalies. 



Mass Lesions 

Benign Masses 

penile prostheses. MRI may be helpful in the post- 
operative evaluation of penile prostheses. These are 
identified as tubular structures within the central corpora 
cavernosa. Solid silicone prostheses appear signal 
void on all imaging sequences. Inflatable prostheses, 
however, follow the signal characteristics of the fluid 
they contain (fig. 12.28). Progressive decreased signal 
intensity on T2-weighted images within the corpora 
cavernosa may reflect the development of fibrosis. 
Other complications detected by MRI include infection 
and hematoma formation [57, 58]. 

Malignant Masses 

metastases. Metastases from a variety of primary 
tumors may involve the penis. Metastatic penile lesions 
may result from contiguous spread of prostatic, testicu- 
lar, urethral, bladder, rectal (fig. 12.29), and osseous 
neoplasms, as well as from disseminated leukemia and 
lymphoma [57, 58]. Metastases generally have an appear- 
ance similar to primary penile tumors when they occur 
within the penile shaft (fig. 12.30). Direct invasion of 
pelvic tumors may occur to the corpora cavernosa and 
spongiosum, and the site of the primary tumor is usually 
evident. Metastatic lesions show low or intermediate 
signal intensity on Tl -weighted images, but they may 
appear hypointense, isointense, or hyperintense relative 
to the corpus spongiosum on T2 -weighted images. 
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Fig. 12.28 Penile prosthesis. Transverse (a) and sagittal 
(b) T2-weighted ETSE images. An inflatable penile prosthesis is 
present in the corpora cavernosa. On the sagittal image Qf) the 
prostate is enlarged and asymmetrically nodular and protrudes 
into the base of the bladder. 



They show homogenous or heterogeneous enhance- 
ment depending on the size. 

primary tumors. Carcinomas of the urethra and 
penis are extremely rare, accounting for less than 1% 




Fig. 12.29 Invasion of prostate and membranous 
urethra by recurrent rectal carcinoma. Sagittal 90s postg- 
adolinium fat-suppressed Tl -weighted gradient-echo image. 
Heterogeneously enhancing recurrent rectal carcinoma is seen 
in the presacral space (long arrow). There is invasion of the 
prostate and membranous urethra (short arrow). Note the 
increased enhancement of the bladder wall secondary to radia- 
tion changes. 



of genitourinary cancers in males. Histologic examina- 
tion reveals squamous cell carcinoma in more than 95% 
of cases of penile malignancies. Approximately 78% of 
urethral carcinomas demonstrate this histology, whereas 
transitional cell carcinomas constitute approximately 
15% of tumors. Adenocarcinomas account for 6% of 
cases and undifferentiated carcinomas for the remainder 
[58, 60]. Sarcomas constitute less than 5% of penile 
malignancies. 

Primary neoplasms of the urethra and penis dem- 
onstrate isointense to low signal intensity relative to the 
surrounding corpus spongiosum on both Tl- and T2- 
weighted images (fig. 12.30). Heterogeneous enhance- 
ment is usually seen (fig. 12.30). Regardless of the organ 
of origin, MRI aids in the delineation of the extent of 
tumor dissemination, enabling detection of invasion 
into the corpora cavernosa or tunica albuginea. 

Diffuse Disease 

MRI may be employed to evaluate normal and abnormal 
flow phenomena within the corpora spongiosum and 
cavernosa. Alteration in the normal vascular flow pro- 
gression, which extends from the central cavernosal 
arteries outward and distally, may provide evidence for 
erectile dysfunction. Vascular disorders may result from 
impairment of the arterial supply, intracorporeal sinu- 
soids, or venous drainage networks [61]. 

Amyloid may also affect the anterior urethra. 
Although the majority of cases represent amyloid 
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Fig. 12.30 Penile metastasis. Tl -weighted spin-echo (a) and transverse Qf) and sagittal (c) surface coil T2-weighted echo-train 
spin-echo images in a patient with transitional carcinoma of the urinary bladder. Enlargement of the corpora cavernosa (arrows, a) 
with loss of tissue planes by an isointense mass is appreciated on the Tl -weighted image. On the T2-weighted images (b, c), the 
corpora cavernosa are enlarged and heterogeneous and lack well-defined tissue planes. Penile metastases. T2-weighted transverse 
id) and sagittal (e) high-resolution fast spin-echo images demonstrate multiple hypointense metastases (arrows, d, e) in the corpora 
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Fig. 12.30 (Continued) cavernosa from recurrent urethral planocellular carcinoma in another patient. The patient has a history 
of previous penectomy for the urethral planocelullar carcinoma. Note the normal testes in the scrotum. Primary penile cancer. 
T2-weighted high-resolution fast spin-echo image (/) demonstrates the tumor (arrow) located in the corpus spongiosum. T2- 
weighted high-resolution fast spin-echo sagittal (g) and transverse (h) images and sagittal (/) and transverse (/') fat-suppressed 



1380 



Chapter 12 MALE PELVIS 




Fig. 12.30 (Continued) postgadolinium interstitial-phase 3D-GE images demonstrate a leiomyosarcoma (arrows, g-i) of the 
penis in another patient. The tumor invades both corpora cavernosa and corpus spongiosum and shows heterogeneous enhance- 
ment on postgadolinium image. 



secondary to other disease states, very rarely primary 
amyloid of the urethra occurs, which is identified 
by immunohistochemical stains. The disease may 
result in stricture formation and calcified plaques 
within the anterior urethra [62]. Focal low signal 
intensity on T2-weighted images may reflect amyloid 
deposition. 

Inflammation. Peyronie disease (induratio penis 
plastica) is caused by focal inflammation of the tunica 
albuginea and corpora cavernosa. Resultant fibrosis and 
plaque formation lead to painful, deviated erections. 
Various etiologies including trauma, diabetes, gout, and 
hormonal dysfunction have been implicated in the 
development of the disease. It is most commonly 
observed in patients between the ages of 30 and 60 
years, although occasional cases have been reported in 
men younger than 20 [63, 64]. 

On T2- weighted images, heterogeneity of the 
corpora cavernosa may be demonstrated. In addition, 
low-signal-intensity plaques may be visualized within 
the corpora cavernosa and tunica albuginea on Tl- and 
T2-weighted images [57, 63]. Plaque detection is 
improved by the administration of gadolinium, with 
increased enhancement apparent in areas of active 
inflammation [63]. 



In rare instances, fibrosis may affect Buck fascia. 
This entity may be observed in cases of early Peyronie 
disease. Alternatively, it may represent extension of 
fibrosis resulting from other causes including trauma, 
sustained priapism, and collagen vascular disease (fig. 
12.31). 

Infection. Urethritis may be secondary to infection 
with Neisseria gonococcus, Chlamydia trachomatis, 
Condylomata acuminatum, or Mycobacterium tubercu- 
losis. The periurethral glands of Littre may become 
distended with bacteria and leukocytes. Spread to adja- 
cent periurethral tissues may lead to abscess formation. 
Aggressive infections also may result in perineal or 
scrotal sinus formation [65]. MRI may prove helpful in 
the detection of these associated complications. 

Vascular. Thrombosis of the corpus cavernosum 
has been reported. Partial priapism and/or induration 
over the corpus cavernosum are the most common 
presenting findings. The affected corpus cavernosum is 
distended (fig. 12.31). The signal intensity of the affected 
segment reflects the age of the thrombus (fig. 12.31). It 
is usually hyperintense relative to the normal corpus 
cavernosum on Tl -weighted images and hypointense 
on T2-weighted images [66]. 
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Fig. 12.31 Fibrosis of Buck fascia. Transverse Tl -weighted gradient-echo (a) and 90-s postgadolinium fat-suppressed gradient- 
echo (b>) images. There is increased thickness of the left aspect of Buck fascia (black arrow, a). Note the low-signal-intensity linear 
markings in the adjacent fat (a). The thickened fascia enhances diffusely after gadolinium administration (white arrow, b). These 
changes are compatible with early Peyronie disease. Partial cavernosal thrombosis. Transverse Tl -weighted fat-suppressed SGE 
(c), transverse id) and sagittal (e) T2-weighted high-resolution fast spin-echo, and transverse 45-s postgadolinium SGE (/) images 
demonstrate the partial thrombosis of left corpus cavernosum in another patient. The left corpus cavernosum (arrows, c-/) is 
enlarged. The left corpus cavernosum shows isointense to mild hyperintense signal (arrow, c) on Tl -weighted image (c) and low 
signal (arrow, d, e) on T2-weighted images (d, e). These findings are consistent with blood products secondary to the thrombosis. 
The thrombosis (arrow) does not show any enhancement on postgadolinium image (/). 
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Trauma 

Penile trauma usually results from direct, blunt injury. 
The most common finding is a tear in the tunica albu- 
ginea. An adjacent hematoma is frequently visualized. 
There also may be fracture or avulsion of the corpora 
cavernosa from their ischial attachments. 

MRI demonstrates discontinuity of the normal 
low-signal-intensity ring of the tunica albuginea on T2- 
weighted images after a tear. Discontinuity between the 
corpus cavernosum and ischium also results in focal low 
signal intensity on T2-weighted images. Signal charac- 
teristics of associated hematomas reflect the acuity of 
the traumatic event [56-58]. MRI has been shown to 
alter surgical planning in as many as 26% of cases [56]. 



SEMINAL VESICLES 

Normal Anatomy 

The seminal vesicles are paired accessory glands located 
superior to the prostate gland. Each is comprised of a 
single tube coiled upon itself. It is surrounded by a 
dense fibromuscular sheet and narrows medially, 
forming an excretory duct that joins with the vas def- 
erens to form the ejaculatory duct. 

Both the width and fluid content of the seminal 
vesicles increase after puberty, peaking within the fifth 
and sixth decades. On Tl-weighted images, the seminal 
vesicles demonstrate homogeneous signal intensity 
similar to that of muscle tissue. On T2-weighted images, 
the signal intensity varies with the composition of fluid 
content. In normal men younger than 60 years of age, 
fluid is abundant and the seminal vesicles appear as 
high-signal-intensity "cluster of grapes" structures (fig. 
12.32). After the administration of intravenous gado- 
linium, the convoluted walls of the vesicles enhance. 
The walls can be more clearly defined, with concomi- 
tant application of fat saturation techniques. The sur- 
rounding walls appear higher in signal intensity than 
the fluid with these techniques (see fig. 12.32). The high 
contrast resolution for the appearance of normally unin- 
volved seminal vesicles is an important feature in the 
staging of prostate cancer by MRI (fig. 12.33). 

Beyond 60 years of age, fluid content decreases and 
the seminal vesicles may appear progressively lower in 
signal intensity. In the normal process of aging, low 
signal intensity is symmetric bilaterally and associated 
with a decrease in size. 

Disease Entities 

Congenital Abnormalities 

Congenital abnormalities of the seminal vesicles includ- 
ing ectopia, hypoplasia, and agenesis are frequently 



associated with other anomalies of the genitourinary 
tract. Detection of congenital seminal vesicle abnormali- 
ties therefore warrants evaluation of the remainder of 
the genitourinary tract. Congenital seminal vesicle cysts 
are the most commonly encountered abnormalities (fig. 
12.33). Approximately 80% of cases are associated with 
ipsilateral renal dysgenesis and approximately 8% with 
collecting system duplication. Seminal vesicle cysts are 
frequently asymptomatic but may become large enough 
to cause dysuria, perineal pain, increased frequency, or 
bladder outlet obstruction [67, 68]. Seminal vesicle cysts 
are easily differentiated from mullerian or utricular cysts 
on MRI because of their typical lack of connection to 
the prostate. They are of variable signal intensity on 
Tl -weighted-images and high in signal intensity on 
T2- weighted images. Variable signal intensity on Tl- 
weighted images reflects the presence of hemorrhage 
or highly proteinaceous material. 

Mass Lesions 

Benign Masses. Vesicular tumors are rare, and 
among benign mass lesions leiomyomas are the most 
common histologic type. They generally appear well 
circumscribed and are of intermediate signal intensity 
on Tl-weighted images and high signal intensity on 
T2- weighted images. In rare cases, lipomas, fibromas, 
cystadenomas, and angiomas may occur in the seminal 
vesicles. 

Malignant Masses. Most malignant disease of the 
seminal vesicles results from local extension of pros- 
tatic, urinary bladder, or rectal carcinomas. Invasion 
by prostate carcinoma results in loss of normal archi- 
tecture and decreased signal intensity on T2-weighted 
images (see figs. 12.5, 12.14, and 12.15). Primary malig- 
nancies are rare and are usually adenocarcinomas. 
Leiomyosarcomas and fibrosarcomas also have been 
reported. 

Diffuse Disease 

Calcifications within the seminal vesicles are most com- 
monly associated with diabetes mellitus. Less often, 
calcifications may arise secondary to infectious etiolo- 
gies, which include tuberculosis and schistosomiasis 
[68]. Calcifications are low in signal intensity on both 
Tl- and T2-weighted images (fig. 12.34). Abnormally 
low signal intensity on T2-weighted images also may 
be seen after prostatic biopsy [69]. This finding, if con- 
fused with tumor invasion, may prevent radical prosta- 
tectomy in eligible patients. Senile amyloidosis of the 
seminal vesicles is a common finding at autopsy. 
Appearing as low signal intensity on T2-weighted 
images, it also can mimic malignancy (fig. 12.34) 
[32, 70]. 
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Fig. 12.32 Normal seminal vesicles. Transverse T2-weighted ETSE (a) image. High signal intensity is seen within the normal 
fluid-filled seminal vesicles on the T2-weighted image (a). Immediate postgadolinium fat-suppressed Tl -weighted gradient-echo 
image (b) in a second patient. Note how fat suppression increases conspicuity of the convoluted walls of the seminal vesicles, 
which enhance relative to the fluid that they contain (£>). Transverse T2-weighted fat-suppressed ETSE image (c) in a third patient. 
Normal, fluid-filled seminal vesicles exhibit high signal intensity on T2-weighted images. The low signal intensity of the walls of the 
tubules gives the glands a cluster of grapes appearance. The external borders are clearly demarcated after the application of fat 
suppression. Transverse T2-weighted fat-suppressed ETSE image id) in a fourth patient. The seminal vesicles are high in signal 
intensity on this high-resolution T2-weighted image. Image acquisition after gadolinium administration accounts for the low signal 
intensity within the dependent portion of the urinary bladder. 



Infection. Infection of the seminal vesicles is diag- 
nosed primarily on the basis of clinical presentation. 
Patients usually have associated prostatitis or epididymi- 
tis. Rare, isolated infection of the seminal vesicles classi- 
cally results in hemospermia. Signal characteristics on MR 
images therefore reflect the presence or absence of blood 
products. The acutely inflamed gland also may appear 
enlarged and of lower signal intensity than the contralat- 
eral side. Chronic infection may result in fibrosis with 
concomitant loss of fluid content and a resultant decrease 
in signal intensity on Tl- and T2 -weighted images. 
Abscess formation may manifest as an ill-defined focus 
of decreased signal intensity on Tl-weighted images. 



TESTES, EPIDIDYMIS, 
AND SCROTUM 



Normal Anatomy 

The testes lie within the scrotum, a sac comprised 
of internal cremasteric and external fascial layers, 
dartos muscle, and skin. They are encased by the tunica 
albuginea, a fibrous capsule that invaginates into the 
testis posteriorly to form the mediastinum testis. The 
processus vaginalis represents an extension of perito- 
neum, projecting between the tunica albuginea and 
dartos layers. The posterior testis and mediastinum 
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Fig. 12.33 Normal seminal vesicles in the presence of adenocarcinoma of the prostate. Transverse T2-weighted fat- 
suppressed ETSE endorectal coil image (a). Normal, high signal intensity is present within the seminal vesicles in this patient with 
Stage T2 adenocarcinoma of the prostate. Seminal vesicle cysts. Sagittal (b) and transverse (c) high-resolution T2-weighted images 
and Tl -weighted postgadolinium fat-suppressed 3D-GE image id) demonstrate bilateral seminal vesicle cysts (arrows, b-d) in 
another patient. The cyst walls show enhancement on postgadolinium image (d). 



testis are not covered by the tunica vaginalis, resulting 
in the bare area through which vascular structures 
and tubules pass. Approximately 400-600 seminiferous 
tubules are coiled within each testis. These converge to 
form the rete testis and, ultimately, the efferent ductules. 



The efferent ductules form the epididymal head poste- 
rior to the testis. They then unify into a single coiled 
duct representing the epididymal body. The narrowed 
tail of the epididymis ultimately leads into the vas 
deferens. 
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Fig. 12.34 Amyloidosis of the seminal vesicles. Transverse T2-weighted ETSE endorectal coil image (a). There is bilateral 
decreased signal intensity of the seminal vesicles secondary to amyloid deposition (arrows, a). Seminal vesicle cyst and stone. 
Transverse (b) and sagittal (c) high-resolution T2-weighted images and Tl -weighted fast spin-echo image id) demonstrate a seminal 
vesicle cyst (arrows, b-d) in another patient. A stone, which shows low signal on Tl- and T2-weighted images, is also detected in 
the cyst. 



MRI Technique 

MRI studies should be performed with a phased-array 
surface coil or a circular surface coil overlying the 
testes, which should be elevated above a folded towel 
placed between the thighs. The testes are clearly demar- 
cated on both Tl- and T2 -weighted images by the low 
signal intensity of the surrounding tunica albuginea. 
The testes are homogeneous and isointense to muscle 
on Tl -weighted images and higher in signal intensity 
on T2 -weighted images. The mediastinum testis can 
be identified as a low-signal-intensity band within the 
posterior testis on T2 -weighted images. Low-signal- 



intensity fibrous projections emanating from the 
mediastinum testis represent septulae, which divide 
the testis into lobules. The gubernaculum may be 
recognized on T2-weighted images as a low-signal- 
intensity curvilinear rim along the inferoposterior aspect 
of the testis. The signal intensity of the epididymis is 
slightly heterogeneous and hypo- to isointense to the 
testis on Tl -weighted images. The epididymis is more 
clearly differentiated from the testis on T2-weighted 
images because it is lower in signal intensity than 
the adjacent testis. Gadolinium administration results 
in hyperintensity of the epididymis relative to the 
testis [71]. 
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Disease Entities 

Congenital Abnormalities 

Congenital abnormalities of the testes include unilateral 
or bilateral hypoplasia and agenesis, as well as duplica- 
tion and cryptorchidism. Congenitally duplicated testes 
may be classified by their location within the scrotum, 
inguinal canal, or retroperitoneum. Supernumerary 
scrotal testes are usually associated with duplication of 
the vas deferens and epididymis. There may be an asso- 
ciated ipsilateral inguinal hernia. Inguinal testes have 
duplicated draining systems in the majority of cases and 
also may have associated inguinal hernias. Retroperitoneal 
testes, frequently occurring near the deep inguinal ring, 
are always associated with ipsilateral inguinal hernias. 
They may or may not demonstrate separate draining 
structures. Polyorchia is associated with an increased 
incidence of testicular malignancy [72]. 

Cryptorchidism. MRI may be employed to local- 
ize a clinically suspected undescended testis. The testes 
normally descend into the scrotum during the eighth 
month of gestation, accounting for the increased inci- 
dence of cryptorchidism in premature births. Approxi- 
mately 80% of undescended testes are located distal to 
the external inguinal ring [731. A significant number of 
cryptorchid testes will descend spontaneously during an 
infant's first year of life. Fibrosis and impaired spermato- 
gonia have been observed in undescended testes not 
surgically corrected by 2 years of age. Hence, as a result 
of subsequent increased incidences of both infertility 
and carcinoma, it is recommended that orchiopexy be 
performed between the first and second years of life 
[74, 751. 

Undescended testes demonstrate low signal inten- 
sity on Tl -weighted images and intermediate to high 
signal intensity on T2-weighted images. Low signal 
intensity on T2-weighted images may be observed in 
more fibrotic or atrophic testes [20, 75]. Identification of 
the undescended testis may be aided by identifying the 
mediastinum testis as a low-signal-intensity structure on 
T2-weighted images and recognizing that undescended 
testes often have a larger transverse than anteroposte- 
rior (AP) diameter (fig. 12.35). In comparison, lymph 
nodes usually have a larger AP than transverse diameter. 
The low-signal-intensity remnant of the gubernaculum 
testis on coronal T2 -weighted images also serves as a 
helpful landmark because the testis frequently lies along 
its medial border [75]. 

Mass Lesions 

Benign Masses 

testicular prostheses. Testicular prostheses 
usually contain silicone. The older, fluid-filled silicone 
prostheses demonstrate low signal intensity on both 



Tl- and T2-weighted images. Newer prostheses are 
composed of solid elastomers and demonstrate signal 
characteristics similar to those of native testes: They are 
of intermediate signal intensity on Tl-weighted images 
and of high signal intensity on T2-weighted images. 
They are generally recognized by the presence of 
chemical-shift artifact and the absence of spermatic cord 
or other scrotal structures [76]. 

cystic lesions. Intratesticular cysts may be solitary 
or multiple and may occur in up to 10% of the male 
population. They are characterized by distinct margins 
and most commonly demonstrate simple fluid signal 
characteristics [20]. 

Seminiferous tubular ectasia in the region of the 
rete testis may produce ovoid lesions in continuity with 
the edge of the testis. These cystic lesions, which 
contain spermatozoa, are bilateral in approximately 71% 
of cases and associated with an ipsilateral spermatocele 
in approximately 92% of cases. Centered at the medi- 
astinum testis, they are contiguous with the adjacent 
spermatocele along the bare area of the testis. 
Seminiferous tubular ectasia is lower in signal intensity 
than the normal surrounding testis on Tl-weighted 
images and nearly isointense to the surrounding testis 
on T2-weighted images. It has been postulated that pure 
intratesticular cysts originate from progressive seminifer- 
ous tubular ectasia [77]. Occasionally, cysts also may be 
localized to the tunica albuginea [71]. 

Epididymal cysts can occur along the length of the 
epididymis. They contain simple fluid and are low in 
signal intensity on Tl-weighted images and high in 
signal intensity on T2-weighted images [20]. Spermato- 
celes, small cystic structures that occur most commonly 
in the epididymal head, may be either solitary or mul- 
tiloculated. They demonstrate variable signal intensity, 
depending on the presence of spermatozoa, fat, lym- 
phocytes, and cellular debris (fig. 12.36) [20, 78]. 

benign neoplasms. Only 5% of testicular neoplasms 
are benign. Of these, 90% are non-germ cell tumors. 
They may arise from Ley dig cells, Sertoli cells, or con- 
nective tissue stroma [78]. 

The most common extratesticular neoplasm is the 
adenomatoid tumor. It most commonly arises in the 
epididymis but may be located in the spermatic cord or 
tunica. Adenomatoid tumor may be round and well 
defined (fig. 12.37) or, occasionally, plaquelike and 
less well defined [79, 80]. Lipomas also may arise 
within the spermatic cord. They demonstrate high 
signal intensity on Tl-weighted images and follow the 
signal intensity of other adipose tissues on T2-weighted 
images [81]. As with other fatty lesions, loss of signal 
intensity on fat-suppressed images is a diagnostic 
finding. 
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Fig. 12.35 Cryptorchidism. Transverse Tl -weighted spin- 
echo (a) and T2-weighted ETSE (b) images. The undescended 
testis within the right inguinal canal is intermediate to high in 
signal intensity on both Tl- and T2-weighted images. The medias- 
tinum testis is shown as a low-signal-intensity transverse band 
(arrows, a, b). Sagittal T2-weighted ETSE (c) and transverse Tl- 
weighted 3-min postgadolinium fat-suppressed gradient-echo 
(d) images in a second patient. The undescended testis in the 
right inguinal canal (arrow, c) is intermediate to high in signal 
intensity on the T2-weighted sequence and enhances homoge- 
neously (arrow, d) on the postgadolinium Tl-weighted images. 
Note the greater transverse than anteroposterior dimension of 
the ovoid testis, aiding differentiation from inguinal adenopathy. 
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Fig. 12.35 (Continued) T2-weighted transverse (e) and sagittal (/, g) high-resolution fast spin-echo, coronal T2-weighted fat- 
suppressed high-resolution fast spin-echo (h), and coronal Tl -weighted high-resolution Tl -weighted fast spin-echo (i) images dem- 
onstrate cryptorchidism in another patient. The left testis (black arrows, e, f, h, i) is located in the left inguinal canal. The right 
testis (white arrows, g-i) is located in the scrotum. Note minimal hydrocele in the right testis and inguinal lymph nodes. 



The paratesticular tissues also may harbor benign, 
fibroproliferative tumors classified as fibrous pseudotu- 
mors. They are the second most common extratesticular 
neoplasm after adenomatoid tumors. They may origi- 
nate from the tunica albuginea or vaginalis, spermatic 
cord, or epididymis [82], and their etiology is uncertain 
[83, 84]. 

Patients most commonly present with painless 
masses. Slightly less than half of fibrous pseudotumors 
are associated with hydroceles or hematoceles [82]. 



These masses are frequently lobulated, demonstrating 
frondlike projections, but they also may be character- 
ized by circumferential thickening of the tunica albu- 
ginea. They are low in signal intensity on both Tl- and 
T2-weighted images and enhance negligibly with gado- 
linium [81, 82]. 

other benign scrotal lesions. Fluid may accumu- 
late between the parietal and visceral layers of the 
tunica vaginalis, producing hydroceles, pyoceles, or 
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Fig. 12.36 Spermatocele and bilateral varicoceles. 

Transverse gadolinium-enhanced Tl -weighted fat-suppressed spin- 
echo image (a) demonstrates a nonenhancing ovoid structure 
within the right epididymal head consistent with a spermatocele 
(small arrow, a). There are also bilateral enhancing varicoceles 
(large arrows). Epididymal cyst. Transverse (b) and sagittal (c) 
T2-weighted high-resolution fast spin-echo images demonstrate a 
simple cyst (arrows, b, c) located in the head of the left epididymis 
in another patient. The left testis shows its normal high signal 
intensity on T2-weighted images. 



hematoceles. Hydroceles may occur in association with 
infection, tumor, or trauma. They demonstrate signal 
characteristics typical of simple fluid and are low in 
signal intensity on Tl -weighted images, high in signal 
intensity on T2-weighted images, and nearly signal void 
on postgadolinium images (fig. 12.38). Pyoceles may 
appear complicated with heterogeneous low signal 
intensity on Tl -weighted images and heterogeneous 
high signal intensity onT2-weighted images. Hematoceles 
may exhibit varied signal characteristics, depending on 
the chronicity of the blood products they contain. 



Varicoceles may occur as the result of thrombosis 
or extrinsic compression of the testicular venous system 
by organomegaly or retroperitoneal masses. They are 
more commonly left-sided as a result of testicular vein 
drainage into the left renal vein, which is lengthier and 
more prone to compression than the right testicular 
vein. MRI reveals multiple serpiginous structures in the 
region of the pampiniform plexus, epididymal head, 
and spermatic cord. Signal intensity is dependent on 
flow velocity. Varicoceles often appear intermediate in 
signal intensity on Tl-weighted images and higher in 
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Fig. 12.37 Adenomatoid neoplasm. Transverse phased-array body coil T2-weighted ETSE (a), transverse circular surface coil 
T2-weighted ETSE (£>), transverse phased-array body coil Tl -weighted immediate postgadolinium fat-suppressed gradient-echo (c), 
and coronal phased-array coil Tl -weighted immediate postgadolinium fat-suppressed gradient-echo id) images. The tumor is hypoin- 
tense relative to the normal surrounding testis on T2-weighted imaging (arrows, a,b). After the administration of gadolinium, there 
is immediate increased enhancement of the tumor relative to the surrounding testis (arrows, c, d). Note that the higher signal-to- 
noise ratio of the circular surface coil permits higher spatial resolution imaging (£>) compared to the phased-array body coil (a). 
This is useful for imaging superficial structures such as the testicles. 



signal intensity on T2-weighted images [20, 78, 81]. On 
early postgadolinium gradient-echo images, varicoceles 
are well shown as high-signal-intensity tubular struc- 
tures (fig. 12.39). Varicoceles often exist with hydroceles 
(see fig. 12.39). 

Scrotal hernias are most frequently diagnosed by 
clinical inspection. MRI evaluation may prove helpful 
in equivocal cases, particularly when there is marked 
associated pain or when physical examination is limited. 

The MRI appearance of the hernia may vary with 
its contents. A complex mass is frequently visualized 
within an enlarged inguinal canal. Mesenteric fat, loops 
of bowel, and intraluminal air may be visualized within 
the scrotal sac. Imaging with a half-Fourier single-shot 
turbo spin-echo (HASTE) and immediate postgadolin- 
ium Tl-weighted fat-suppressed gradient-echo (GE) 



sequence may provide helpful information regarding 
entrapped bowel viability. 

Malignant Masses. Although testicular carcino- 
mas comprise less than 1% of tumors in the male popu- 
lation, a significant number of these occur in males 
under the age of 40 years and approximately 95% are 
malignant [85, 86]. Early detection and treatment are 
crucial, particularly for seminomas, which are chemo- 
therapy- and radiotherapy-sensitive. 

Testicular carcinomas may be divided into germ 
cell and non-germ cell subtypes. Approximately 95% 
of malignant neoplasms are of germ cell origin [87]. 
These include seminomas (approximately 40%) and 
nonseminomatous tumors. Nonseminomatous tumors 
may be subclassified into embryonal carcinomas (-30%), 
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Fig. 12.38 Hydrocele. Transverse Tl-weighted gradient 
echo (a) and transverse 1-min postgadolinium Tl-weighted fat- 
suppressed gradient-echo (£>) images. A left-sided hydrocele is low 
in signal intensity on the Tl-weighted image (a). A focus of high 
signal intensity within the fluid represents the spermatic cord 
(arrow, a). There is uniform enhancement of the testes on the 
postgadolinium image (£>). Coronal SS-ETSE (c) and gradient-echo 
fat-suppressed postgadolinium id) images in a second patient, a 
neonate, demonstrate a large left hydrocele. The testicle is low 
signal on T2 (c) but enhances moderately intensely on the post- 
gadolinium image id). Surface coil T2-weighted echo-train spin- 
echo image (e) in a third patient demonstrates a moderate-sized 
hydrocele. 



teratocarcinomas (-25%), teratoma (10%), and chorio- 
carcinomas (1%). Another 30% of the cases are of mixed 
histology [87, 88]. The remainder are comprised of 
Sertoli, Leydig, or mesenchymal cell carcinomas. There 
may also be involvement by leukemia, lymphoma, or, 



in rare instances, metastatic disease from lung, mela- 
noma, genitourinary, or gastrointestinal malignancies 
[78, 88]. Lymphatic drainage of the testes follows the 
gonadal vessels to the retroperitoneum. In the presence 
of epididymis or spermatic cord invasion, lymphatic 
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Fig. 12.39 Varicocele with bilateral hydroceles. Coronal 
T2-weighted ETSE image (a) demonstrates high-signal-intensity, 
serpiginous structures within the left scrotal sac representing a 
varicocele (thick arrow). There are also bilateral hydroceles (thin 
arrows, a). Transverse 90-s postgadolinium fat-suppressed Tl- 
weighted gradient-echo image (b) in a second patient with a vari- 
cocele and bilateral hydroceles. High-signal-intensity tubular 
structures represent a varicocele (arrow, b). Coronal 3-min post- 
gadolinium Tl -weighted gradient-echo image (c) in a third patient 
with varicocele and bilateral hydroceles with an appearance 
similar to the prior case. 




drainage also extends to the pelvic nodes. Tumors are 
staged according to TNM criteria as outlined in Table 
12.3 [891. 

MRI of testicular neoplasms may reveal relative 
enlargement of the involved testis. Tumors are low in 
signal intensity on T2-weighted images, and there is 
degradation of normal testicular morphology. Lack of 
visualization of the normal septulae has been found to 
be a sensitive indicator of malignant infiltration [81]. 

Seminomas are isointense to normal tissue on Tl- 
weighted images and hypointense to normal tissue on 
T2-weighted images. They most commonly demonstrate 
homogeneous low signal intensity on T2-weighted 
images (fig. 12.40) [73, 81]. They may exhibit lobulation 
or, occasionally, central necrosis [81, 86]. Tumors 
enhance to a lesser degree than normal testicular tissue. 
Thus gadolinium administration may increase lesion 
conspicuity and aid detection of extension into the sur- 
rounding tunica albuginea [71, 81]. 

Nonseminomatous tumors appear more heteroge- 
neous on T2 -weighted images and have more ill-defined 
margins (fig. 12.41). Areas of increased and decreased 
signal intensity on Tl- and T2-weighted images corre- 
spond to foci of hemorrhage and necrosis, respectively, 



Table 12.3 American Joint Committee on 
Cancer Staging of Testicular Carcinoma 

Carcinoma 

Primary Tumor 

TO No evidence of primary tumor 

T1 Tumor limited to testis and epididymis, may invade tunica 
albuginea but not tunica vaginalis 

T2 Tumor extends beyond tunica albuginea with involvement of 
the tunica vaginalis 

T3 Tumor invades spermatic cord 

T4 Tumor invades scrotum 

Lymph Nodes 

NO No lymph node metastasis 

N1 Metastasis to a lymph node mass or multiple lymph nodes 
that are 2cm or smaller 

N2 Metastasis to a lymph node mass or multiple lymph node 
masses or nodes that are between 2 and 5cm in size 

N3 Metastasis to a lymph node mass larger than 5cm 

Distant Metastases 

MO No distant metastases 

M1 Distant metastases (M1a, nonregional nodal or pulmonary 
metastases/M1b, other distant metastases 





Fig. 12.40 Testicular seminoma. T2-weighted fat-suppressed 
ETSE image (a) using a surface coil demonstrates a well-defined, 
homogeneously low-signal-intensity 1-cm seminoma (arrow, a) 
arising in the left testicle. (Courtesy of Evan S. Siegelman, M.D., 
Hospital of the University of Pennsylvania.) Surface coil transverse 
Qf) and coronal (c) T2-weighted echo-train spin-echo images dem- 
onstrate a heterogeneous low-signal-intensity mass that exhibits 
extensive infiltration of the testicle. Remnants of uninvolved tes- 
ticle appear high signal. 





Fig. 12.41 Nonseminomatous testicular neoplasm. Tl-weighted gradient-echo (a), T2-weighted ETSE (£>), and 45-s trans- 
verse (c) and 90-s coronal id) gadolinium-enhanced fat-suppressed Tl-weighted gradient-echo images. The left testicle is greatly 
enlarged, measuring 5 cm in diameter. Tumor replaces the testicle and is mildly heterogeneous on the Tl-weighted image (a) and 
considerably heterogeneous on the T2-weighted image (£>). The tumor contains multiple cystic spaces that are well-defined, high- 
signal-intensity foci (arrow, b) on the T2-weighted image and show lack of enhancement on the postgadolinium images (arrow, c). 
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Fig. 12.41 (Continued) The coronal image demonstrates the vertical size of the tumor and enlargement of testicular vessels in 
the left inguinal canal (arrows, d). T2-weighted echo-train spin-echo image (e) from a more superior tomographic section through 
the scrotum demonstrates a normal high-signal-intensity right testicle (arrow). On a 3-min postgadolinium fat-suppressed Tl- 
weighted gradient echo image (/), a 3-cm left para-aortic lymph node (arrow) is present at the level of the left renal hilum that 
demonstrates a heterogeneous appearance similar to the primary tumor. Tl-weighted gradient-echo (g), T2-weighted ETSE (h), and 
coronal interstitial-phase gadolinium-enhanced fat-suppressed Tl-weighted gradient-echo (i) images in a second patient. A 2.5-cm 
tumor is present in the left testicle (arrow, Z?).The appearance is similar to the prior case. Note in particular the well-defined high- 
signal-intensity foci within the mass on the T2-weighted image (h). Heterogeneous appearance of the involved left para-aortic lymph 
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Fig. 12.41 (Continued) nodes on the interstitial-phase 
gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo 
image (arrows, 7) is also comparable. Tl-weighted spin-echo (&), 
T2-weighted ETSE (/), and gadolinium-enhanced Tl-weighted spin- 
echo (m) images in a third patient. The tumor in this patient is 
mixed embryonal carcinoma-seminoma. The tumor has a relatively 
homogeneous and mildly low signal intensity on the T2-weighted 
image (/). Tumor enhancement is slightly heterogeneous on 
postgadolinium images (m) and has a relatively sharp margination 
(arrows, m) from background testicle. 



on histologic specimens [73, 86]. These features are 
most marked within tumors demonstrating mixed his- 
tologies [81, 86]. Lymph nodes have a characteristic 
multicystic appearance. 

Lymphomatous infiltration may result in diffuse 
testicular enlargement, relative hypointensity on T2- 



weighted images, and involvement of the draining lym- 
phatics. Lymphoma typically has a more homogeneous 
appearance than other neoplasms (fig. 12.42). Associated 
adenopathy is similarly homogeneous. This differs from 
the appearance of nonseminomatous tumors, which 
have a more multicystic appearance. 
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Fig. 12.42 Testicular lymphoma. Tl -weighted SE (a) and T2-weighted echo-train spin-echo (b) images. The left testicle is 
enlarged and exhibits diffuse infiltration with homogeneous tumor that is isointense on Tl and mildly hypointense on T2. Lymphoma 
is typically more homogeneous in appearance than other neoplasms. Testicular metastases. Coronal (c) and sagittal id) T2- 
weighted high-resolution fast spin-echo images demonstrate multiple hypointense metastases (white arrows, c, d) in the right testis 
in another patient with rectal cancer. The large rectal tumor (black arrows, d) invades the posterior bladder wall, seminal vesicles, 
and prostate. 



Metastases are uncommon and usually occur in 
patients with a known malignancy in an advanced 
stage. The most common primary tumors are prostate, 
lung, malignant melanoma, colon (fig. 12.42), and 
kidney tumors [90]. 



Testicular Torsion 

Acute testicular torsion arises when the bare area is not 
sufficiently broad to anchor the testis and its supporting 
structures in place, resulting in a "bell clapper" defor- 
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mity. It results in irreversible ischemia in fewer than 
30% of cases if diagnosis and surgical correction occur 
within 12 h of the event. The salvage rate decreases 
rapidly thereafter, with minimal surgical success after 
24 hours of ischemia [91]. Ultrasound and nuclear medi- 
cine examinations enable timely diagnosis in the acute 
setting. However, bilateral orchiopexy is still indicated 
in the subacute period, when findings may be equivocal 
with either of these modalities. In the setting of sub- 
acute torsion, MRI may provide assistance in differenti- 
ating this entity from epididymoorchitis. 

Common findings on MRI in the subacute setting 
include an enlarged spermatic cord with diminished 
flow, diffusely decreased signal intensity of the testis, 
decreased testicular size, and mild to moderate thicken- 
ing of the tunica albuginea and epididymis [91]. There 
also may be increased-signal-intensity foci on Tl- 
weighted images, reflecting hemorrhage, visualization 
of the pedicular attachment of the testicle in a bell 
clapper deformity, or an associated hematocele. The 
identification of a whirling pattern within the spermatic 
cord and an associated low-signal-intensity knot at the 
point of maximal torsion on T2-weighted images pro- 
vides specific evidence for the diagnosis [81, 91]. Initial 
studies with 31 P MR spectroscopy in an animal model 
have revealed additional promise for the evaluation of 
testicular torsion in the acute setting [92, 93]. 

Infection 

The vast majority of acute epididymitis cases are iso- 
lated, but up to 20% may be associated with orchitis 
[78]. Therapy is conservative and limited to antibiotics 
unless there is concomitant infarction from extensive 
edema or abscess formation necessitating surgery [91]. 
With the exception of mumps orchitis, isolated acute 
infection of the testes is rare [54]. When pyogenic 
abscesses occur, they are frequently accompanied by 
pyoceles [78, 91]. On MRI, epididymal inflammation is 
most commonly manifested by generalized enlargement 
of the organ [71, 81]. The involved epididymis may be 
hyperintense on Tl -weighted images and of variable 
signal intensity relative to the contralateral side on T2- 
weighted images [71, 78, 81]. There is heterogeneous 
enhancement after gadolinium administration [71]. 

Testicular inflammation also is commonly mani- 
fested by generalized enlargement (fig. 12.43) [20, 71, 
91]. There is frequently decreased signal intensity of the 
involved testis on T2-weighted images [71, 78, 81]. The 
testicular septulae remain well defined but thickened, a 
finding that is in contrast to the loss of normal archi- 
tecture frequently observed with invasive neoplastic 
disease [81]. Intense enhancement of the involved testis 
is seen after gadolinium administration [71]. Abscesses 
are accompanied by pyoceles in the majority of patients 



[91]. Heterogeneous high signal intensity on T2-weighted 
images is observed both in these extratesticular fluid 
collections and in the infected fluid intercalating between 
the testicular septulae (fig. 12.44) [81]. 

Acute inflammation often results in enlargement 
and edema of the spermatic cord [71, 91]. However, in 
contrast to the avascularity of the cord observed in cases 
of torsion, there is increased vascularity of the cord 
in the setting of infection. On gadolinium-enhanced 
images, there is marked enhancement of the inflamed 
structure and surrounding tissues [71]. These findings 
serve as helpful differentiating factors in equivocal 
cases. Identification of the bare area of the testis also 
virtually excludes the possibility of a bell clapper defor- 
mity, and thus of torsion as well [91]. 

Trauma 

MRI may provide information important for clinical 
management after testicular trauma. Hemorrhage is well 
demonstrated on Tl- and T2-weighted images. Intra- 
testicular hematomas may appear high in signal inten- 
sity on Tl -weighted images and variable in signal 
intensity on T2-weighted images [71, 81]. They may also 
result in alternating bands of increased and decreased 
signal intensity on Tl -weighted images [81]. Blood inter- 
secting between the layers of the tunica vaginalis may 
result in hematoceles, which also follow the signal 
intensity of blood products. 

Contusion in the absence of focal hemorrhage may 
also be detected by MRI. There is a resultant decrease 
in signal intensity of the involved testis on T2-weighted 
images as well as a relative decrease in gadolinium 
enhancement [71]. 

Careful inspection of the tunica albuginea is neces- 
sary to evaluate for the possibility of acute testicular 
rupture. This may be manifested by discontinuity in the 
normal low signal intensity of the tunica albuginea on 
T2-weighted images. Detection of testicular rupture 
often necessitates surgical intervention [81]. 

CONCLUSIONS 

MRI is an effective modality for detecting the full range 
of disease entities involving the male pelvis because of 
high intrinsic soft tissue contrast resolution, high spatial 
resolution, and multiplanar imaging. Although MRI is 
excellent at evaluating testicular disease, the lower cost 
and acceptable accuracy of other imaging approaches 
have relegated MRI primarily to a problem-solving 
modality. The greatest role for MRI has been in the 
staging of prostate cancer. The variety of diagnostic 
options and uncertainty in patient outcome after thera- 
peutic intervention have limited the widespread use 
of MRI in this setting. Continued refinement of MR 
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Fig. 12.43 Mumps orchitis. Coronal T2-weighted fat- 
suppressed echo-train spin-echo (a), transverse T2-weighted 
fat-suppressed ETSE (£>), and Tl -weighted postgadolinium fat- 
suppressed spin-echo (c) images. There is enlargement of the left 
testis relative to the contralateral side (b, c).The affected testis is 
heterogeneous and low in signal intensity on the T2-weighted 
images (a, b) and enhances slightly more than the unaffected testis 
on the postgadolinium image (c). Note the enhancing, thickened 
septations within the scrotal sac (arrow, c). There are accompany- 
ing hydroceles bilaterally. 






Fig. 12.44 Testicular abscess. Coronal T2-weighted ETSE (a) and gadolinium-enhanced Tl-weighted spin-echo (b) images. A 
complex fluid collection within the right testis is heterogeneously high in signal intensity on the T2-weighted image (a) and hetero- 
geneously low in signal intensity on the postgadolinium Tl-weighted image (£>), which is consistent with an abscess. There is 
extensive enhancement of the surrounding scrotal tissues secondary to adjacent inflammatory changes (arrow, b). 
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spectroscopy techniques may ultimately permit compre- 
hensive imaging evaluation of the oncology patient. 
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Introduction 

Evaluation and diagnosis of pathology involving the 
female urethra have been challenging and difficult 
because of the poor specificity of clinical symptoms and 
the lack of a suitable imaging modality. Because of its 
multiplanar imaging capability and superior soft tissue 
contrast, MRI has proven to be the most sensitive 
modality for the detection and staging of benign and 
malignant urethral pathology. 



Normal Anatomy 

The female urethra originates at the trigone of the 
bladder and terminates anterior to the opening of the 
vagina. It is a thin- walled muscular channel and mea- 
sures approximately 4 cm in length. The lower two-thirds 
of the urethra is lined by stratified squamous epithelium, 
whereas the proximal one-third, like the urinary bladder, 
has a transitional cell epithelial lining. The urethra has 
a three-layered zonal anatomy, which consists of the 



inner mucosal layer, the highly vascular submucosal 
layer, and the outer muscular layer. The muscular layer 
consists of an inner longitudinal smooth muscle layer 
and an outer striated circular muscle layer. Extensions 
of the endopelvic fascia, the urethropelvic and puboure- 
thral ligaments, help to stabilize the urethra in addition 
to contributing to urinary continence. The submucosal 
and striated muscle fibers of the urethra aid in urinary 
continence as well. The paraurethral and periurethral 
submucosal glands are not typically seen [1-3]. 

MRI Technique 

Routine imaging for urethral pathology should 
include transverse, high-resolution, small-field-of-view 
Tl -weighted images before and after intravenous con- 
trast administration, particularly in cases of suspected 
tumor. The addition of fat suppression may increase 
conspicuity of disease. Orthogonal transverse and sagit- 
tal high-resolution T2-weighted images are also rou- 
tinely obtained [1, 4]. 

Coronal high-resolution T2 -weighted images may 
be helpful in select cases. Endorectal and endovaginal 
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coil imaging provides superior anatomic resolution and 
can help better delineate the zonal anatomy of the 
urethra as well as define extent of disease processes. 
However, near-field high signal intensity and the small 
field of view can limit image quality with these tech- 
niques [4-6]. Imaging at 3T can provide superior spatial 
resolution, but several challenges exist when imaging 
at 3T, such as RF field inhomogeneity, which can 
lead to imaging artifacts and local variation in signal 
intensity. 

Normal 

On transverse T2- and enhanced Tl-weighted images 
the female urethra demonstrates a "target" appearance,, 
with a low-signal-intensity outer ring, a high-signal- 



intensity middle ring, and a low-signal-intensity central 
dot (fig. 13.1) [1, 4]. The dark outer ring corresponds 
to both the outer striated and inner longitudinal and 
circular smooth muscle layers [4, 7-10]. The middle 
high-signal-intensity ring represents the vascular sub- 
mucosal layer, whereas the dark central dot represents 
the mucosal layer. This target appearance is seen more 
commonly in the middle urethra than in the proximal 
or distal urethra. The low-signal-intensity outer layer 
thins toward the distal urethra. Occasionally, a tiny dot 
of high signal intensity is seen in the center of the 
urethra on high-resolution T2-weighted images and is 
thought to be due to urine or mucus in the lumen [10, 
11]. With endovaginal coil imaging, the separate muscle 
layers of the urethra can be discerned [12]. The zonal 
anatomy of the urethra is not always apparent in post- 




Fig. 13.1 Normal anatomy of the female urethra and 
vagina. Transverse (a) and sagittal (b) ETSE images show the 
normal urethral zonal anatomy (from central to peripheral): high- 
signal-intensity central spot, low-signal-intensity mucosa, moder- 
ately high-signal-intensity submucosa, and low-signal-intensity 
muscularis (arrow, a). The vagina is located posteriorly and reveals 
(from central to peripheral) high-signal mucosa/secretions, low- 
signal-intensity muscular wall (curved arrows, a), and high-signal- 
intensity perivaginal venous plexus. The normal rugae of the 
vaginal wall are well depicted (**, b). T2-weighted ETSE image (c) 
in a second patient demonstrates the central low-signal-intensity 
mucosal layer, higher-signal-intensity surrounding submucosal 
layer, and low-signal-intensity outer ring representing the muscular 
layer. 
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menopausal women, and decreased zonal definition 
should not be assumed to be abnormal. On enhanced 
Tl -weighted images, the most common pattern seen is 
marked enhancement in the middle submucosal layer 
with little to no enhancement of the remaining urethra 
[1, 10]. 

Normal Variants and Congenital Disease 

Duplication. Urethral duplication is caused by 
delayed fusion of the urogenital sinus and mullerian 
ducts. It may occur alone or in concert with bladder 
duplication or other abnormalities of the genitalia. It is 
typically discovered in infants, but affected adults may 
present with a double urinary stream, incontinence, or 
recurrent urinary infections [13, 14]. The accessory 
urethra usually drains into the clitoris. Surface coil 
imaging and postgadolinium Tl -weighted fat-suppressed 
gradient-echo techniques may be useful in the evalua- 
tion of suspected urethral duplication. 

Ectopic Ureterocele. A cause of urinary inconti- 
nence, ectopic ureters can drain into the urethrovaginal 
septum, into a urethral diverticulum, or into the poste- 
rior urethral wall [15-17]. Ectopic ureters are often asso- 
ciated with ureteral duplication. 



Table 13.1 TNM Staging for Female 
Urethral Carcinoma 

Primary Tumor 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor invades subepithelial, connective tissue 

T2 Tumor invades periurethral muscle 

T3 Tumor invades the bladder neck or anterior vaginal wall 

T4 Tumor invades other adjacent organs 

Regional Lymph Nodes 

Nx Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in one lymph node is 2 cm or smaller 

N2 Metastasis on one node in between 2 and 5 cm in size 

N3 Metastasis in one node is larger than 5cm 

Metastases 

Mx Distant metastases cannot be assessed 

M1 No distant metastases 

M2 Distant metastases 



Mass Lesions 

Benign Masses 

Urethral Leiomyoma. Urethral leiomyomas are 
unusual benign tumors that arise from the smooth muscle 
layer of the urethra [18, 19]. Presenting clinical symptoms 
of dysuria or a palpable mass may be mistaken for a 
urethral diverticulum [19, 20]. Like uterine fibroids, these 
masses may grow during pregnancy. Urethral leiomyo- 
mas are usually of low to intermediate signal intensity 
on Tl- and T2-weighted images secondary to their 
smooth muscle content [4, 21, 22]. Malignant degenera- 
tion has not been reported. Symptomatic tumors can 
often be removed by transurethral resection [18]. 

Other. Fibrous polyps and hemangiomas are other, 
less common benign urethral masses. 

Malignant Masses 

Primary Urethral Carcinomas. Primary urethral 
carcinoma is an uncommon entity that occurs in middle- 
aged or older women. Most urethral carcinomas are of 
squamous cell origin and arise from the distal (anterior) 
urethra. Transitional cell carcinomas and adenocarcino- 
mas most commonly originate from the proximal (pos- 
terior) urethra [23, 24]. Posterior urethral tumors are 
more often high grade and aggressive. A TNM staging 
approach is used for urethral carcinomas (Table 13.1). 
Urethral carcinoma spreads contiguously to adjacent 



sites and then lymphatically to distant sites. Regional 
nodal involvement relates to the initial location of the 
tumor. Anterior urethral lesions usually involve the 
inguinal nodes, with subsequent spread to pelvic nodal 
groups. Posterior urethral lesions drain to iliac, obtura- 
tor, and para-aortic lymph nodes [1, 23, 25]. Patients 
often present with advanced disease because of non- 
specific symptomatology combined with difficulty in 
detecting lesions clinically. Treatment for advanced 
lesions includes anterior pelvic exenteration, radiation, 
or chemotherapy [25, 26]. Lesions that are Stage 2a 
N0M0 or less may be treated with surgery alone. 

The combination of T2- and Tl -weighted images 
before and after contrast administration provides com- 
plementary information (figs. 13.2 and 13-3). Tumors 
are typically of low signal intensity on Tl -weighted 
images and relatively high signal intensity on T2- 
weighted images. Transverse and sagittal T2-weighted 
images are useful for depicting tumor invasion of 
the muscular wall of the bladder, vagina, and pelvic 
floor. Tl -weighted images, on the other hand, demon- 
strate extension into periurethral fat [8]. MRI has been 
reported to be 90% accurate in estimating local tumor 
extension [1]. Although proven to be a sensitive modal- 
ity for this entity, MRI is limited by difficulty in differ- 
entiating tumor from secondary inflammatory change, 
which can lead to overestimation of disease extent 
[1, 10]. 
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Fig. 13.2 Poorly differentiated adenocarcinoma of the urethra with vaginal invasion. Sagittal (a) and transverse (b) 
ETSE endorectal coil images in a 50-year-old woman with palpable urethral mass. Sagittal image (a) shows a heterogeneous high- 
signal-intensity mass (M) whose center is in the posterior urethra. The mass extends from the widened bladder neck (arrows, a) 
to the meatus. Normal collapsed high-signal-intensity vaginal mucosa can be seen posterior to the mass. Transverse image (b) at 
the level of the proximal urethra shows a tumor-filled widened bladder neck, as well as thinning and poor definition of the left 
posterior urethral muscularis and anterior vaginal wall, with gross tumor involvement of the left paravaginal/paraurethral venous 
plexus (open arrow, b) representing contiguous spread of tumor. 





Fig. 13.3 Recurrent urethral cancer. Transverse T2-weighted ETSE (a) and gadolinium-enhanced fat-suppressed SGE (b) 
images in a patient who underwent anterior pelvic exenteration for urethral cancer show an irregular left-sided mass (arrows, a) 
with heterogeneous enhancement (b) consistent with local recurrence. 
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Secondary Urethral Malignancies. Secondary 
urethral malignancies include metastases from renal cell 
carcinoma or melanoma and contiguous spread from 
carcinomas of the bladder, uterus, cervix, and vagina 
(fig. 13.4). MRI is useful in demonstrating the extent of 
involvement in these cases and thereby influencing 
staging and treatment [27]. 

Miscellaneous 

Urethral Diverticulum 

Urethral diverticula are saccular outpouchings from the 
urethra that are thought to result from recurrent infec- 
tion and obstruction of the periurethral glands [28-30]. 
The dilated glands then rupture and drain into the 
urethral lumen. They are often asymptomatic but can 
become infected, form stones, or, less often, cause dys- 
pareunia, dribbling, or a palpable mass [31]. Diverticula 
typically arise from the posterolateral wall in the mid- 
portion of the urethra. These lesions often are difficult 
to diagnose because of nonspecific symptomatology 
[32]. Traditional evaluation for urethral diverticula has 
been done with voiding cystourethrography, double- 
balloon urethrography, and/or urethroscopy. These 
modalities are not always successful [1, 33]. Ultrasound 
has been advocated by some as an economical way to 



evaluate this condition, but ultrasound may not be able 
to distinguish a diverticulum from a paravaginal cyst, 
nor can it often localize the ostium of the diverticulum 
[34, 35]. 

MRI is an excellent imaging modality for evaluation 
of symptomatic urethral diverticula. Its accuracy and 
sensitivity exceed both urethrography and urethros- 
copy, and MRI has the added advantages of visualizing 
the surrounding anatomy and being a noninvasive test 
[35]. MRI findings include an enlarged urethra with a 
focal area of low signal intensity on Tl-weighted images 
and high signal intensity on T2-weighted images cor- 
responding to the diverticulum. Multiplanar T2-weighted 
images are useful for the accurate localization of diver- 
ticula (figs. 13-5 and 13.6). Gadolinium-enhanced Tl- 
weighted fat-suppressed images have proven useful 
in demonstrating the cystic nature of diverticula. 
Contrast-enhanced images may also detect the presence 
of granulation tissue or carcinoma [35, 36]. Carcinomas 
arising within diverticula are very rare and are most 
often adenocarcinomas, reflecting the ductal origin 
of the diverticula [37]. The ability of MRI to clearly 
delineate the anatomy of the diverticulum and its 
relationship to the bladder neck significantly aids in 
planning the surgical repair of these lesions [30, 33, 35, 
37-391. 





Fig. 13.4 Poorly differentiated cervical carcinoma with vaginal and urethral invasion. Sagittal (a) and transverse (£>) 
ETSE images show an aggressive mass centered within the cervix (c) with proximal extension into the uterus (u) and distal spread 
inferiorly through the cervix into the anterior vagina (v) and periurethral soft tissues (*). A Foley catheter reveals the urethral lumen. 




Fig. 13.5 Urethral diverticulum. Transverse T2-weighted fat-suppressed ETSE image shows the high-signal-intensity diverticu- 
lum surrounding the lower-signal-intensity urethra (arrow, a), which is displaced laterally. Transverse Tl -weighted fat-suppressed 
SGE Qf) and transverse (c) and coronal (d) gadolinium-enhanced fat-suppressed SGE images in a second patient also demonstrate a 
urethral diverticulum (arrow, £>), which is high signal on the noncontrast Tl-weighted fat-suppressed image, reflecting retained 
mucous and other proteinaceous material, and low signal on the contrast-enhanced Tl-weighted images. Transverse (e) and coronal 
(/) ETSE images in a third patient show a septated saddlebag diverticulum that also has a wide-mouthed direct connection to the 
bladder base. The urethra (arrows, e,f) is seen surrounded by the diverticulum on both images. 
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Fig. 13.6 Endovaginal coil demonstration of a saddlebag 
urethral diverticulum. Transverse Tl -weighted (a) and trans- 
verse (b) and sagittal (c) T2-weighted ETSE endovaginal coil 
images show the multiloculated diverticulum (*) that almost 
entirely surrounds the circumference of the urethra (U). The 
vaginal coil (V) is positioned posterior to the urethra. Sagittal T2- 
weighted image (c) reveals the superior extent of the diverticulum 
relative to the bladder neck (N) and also shows the portions of 
the diverticulum located anterior to the urethra (U). 



Caruncle 

Urethral caruncles are small, benign, often asymptom- 
atic inflammatory masses that typically occur in older 
postmenopausal women and arise on or near the exter- 
nal meatus. Occasionally, these lesions can cause pain 
or hematuria [28]. Histologically, caruncles demonstrate 
hyperplastic squamous epithelium with underlying sub- 
mucosal vascularity, fibrosis, and inflammation [40]. This 
entity has become uncommon with the widespread use 
of estrogen replacement in the postmenopausal popula- 
tion. MR imaging is useful in localizing the lesion to the 
urethral meatus and in excluding adenopathy that 
would suggest a malignant neoplasm [4, 41]. 



Urethral Trauma and Strictures 

MRI is useful in the evaluation of urethral trauma in 
males by demonstrating in detail the anatomy of the 
urethral and periurethral tissues. For the same reasons, 
MR imaging has been useful in preoperative evaluation 
of posttraumatic and postinfectious strictures in men 
[42-44]. Urethral trauma and strictures are very rare in 
women, and the MR appearance has not yet been 
described [24]. 

Urethritis and Urethral Fistulas 

MRI is useful in evaluation of inflammatory conditions 
of the urethra and periurethral tissues, often the result 
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of infection or pelvic irradiation. Urethral inflammation 
usually manifests as a thickened urethra with intermedi- 
ate T2 signal intensity and diffuse enhancement. [45]. 

Urethrovaginal fistulas occur most often as a com- 
plication of urethral diverticulectomy or vaginal surgery 
[46]. Crohn disease and Behcet disease are uncommon 
causes, whereas traumatic childbirth is a common cause 
in developing countries [47-49]. Infection of Skene 
glands can lead to formation of sinus tracts or periure- 
thral abscesses that may be difficult to differentiate from 
urethral diverticula. Rectourethral fistulas are usually 
developmental abnormalities and are usually associated 
with complex anorectal abnormalities [50]. Spinal cord 
injury patients with decubitus ulcers are at risk for 
developing urethroperineal fistulas [51]. Infection with 
gonorrhea or tuberculosis can cause periurethral 
abscesses that can rupture through the skin and form 
urethroperineal fistulas as well. Sinus tracts are well 
seen on transverse and sagittal T2-weighted images, 
whereas postgadolinium Tl -weighted fat-saturated 
images can demonstrate the enhancing sinus tract walls. 

Pelvic Floor Relaxation 

Pelvic floor relaxation and pelvic organ prolapse is a 
very prevalent condition that can be quite debilitating. 
Prolapsed structures can include the urethra, vagina, 
rectum, cervix, uterus, bladder, colon, and/or small 
bowel. Common symptoms include incontinence, dif- 
ficult defecation, constipation, urinary retention, pain, 
and pressure. Physical examination is the primary 
method of diagnosis. Traditionally, fluoroscopic defe- 
cography was the mainstay for radiologic imaging of 
these conditions. MRI has the advantages of being non- 
invasive, not using ionizing radiation, and being able to 
best demonstrate the soft tissue structures and associ- 
ated pathology to best advantage [52-54]. 

A variety of MR techniques have been used to 
evaluate the pelvic floor. Commonly, multiplanar single- 
shot fast spin-echo sequences are performed during rest 
and straining. Rectal contrast, typically ultrasound gel, 
is administered before the exam. Some sites have also 
used vaginal markers, rectal markers, and bladder, ure- 
thral, and/or vaginal contrast [55-64]. 

Urethral hypermobility is depicted at MR imaging 
by a change in the normal vertical orientation of the 
urethra to a horizontal orientation during straining 
[57]. Urethral hypermobility can be treated with surgical 
urethral suspension, collagen injection, or mechanical 
sphincters. Periurethral collagen is well shown on T2- 
weighted images and appears high in signal intensity 
(fig. 13-7) [65-68]. Complications of mechanical sphinc- 
ters such as fistula formation, periurethral abscess, 
and erosion can also be depicted [69]. The sagittal 
single-shot echo-train spin-echo technique is also valu- 
able for demonstrating enteroceles and cystoceles, 



which are also associated with pelvic floor relaxation 
[57, 70, 71]. 

Cystoceles are caused by defects in the pubocervical 
fascia. The loss of support allows the bladder to bulge 
into the anterior vaginal wall and extend inferiorly. 
Symptoms of pelvic pressure, tissue bulging, and heavi- 
ness can be exacerbated by voiding, prolonged standing, 
and physical exertion. Cystoceles can be repaired surgi- 
cally, or symptoms can be controlled with a pessary 
device [59, 72]. Similar symptoms can occur with prolapse 
of the uterus, vagina, and/or cervix. When severe, these 
organs can completely prolapse through the introitus. 

Rectoceles often occur because of weakness or 
defects in the puborectalis sling. Many patients are 
asymptomatic, but difficult defecation is often present, 
sometimes requiring manual pressure through the 
vagina to assist with defecation. Bulging of the posterior 
vaginal wall is seen at physical examination as well as 
with MR imaging. Rectoceles are usually diagnosed 
when the rectum bulges more than 2-3 cm anterior of 
a line drawn through the anterior wall of the anal canal 
[59, 73, 74] (fig. 13.8). These abnormalities are often 
repaired surgically. Other abnormalities seen at pelvic 
floor imaging include enteroceles, hernias, and bulging 
or defects in the pelvic floor musculature. 

Conclusion 

MRI is the ideal imaging modality for the evaluation of 
urethral abnormalities because of its superior contrast 
resolution, lack of ionizing radiation, multiplanar capa- 
bility, and nonnephro toxic contrast material. Most 
common indications include evaluation of incontinence 
and pelvic floor relaxation and evaluation for diverticula 
in patients with recurrent infection. MRI is also excellent 
for evaluation of the more uncommon conditions of 
malignancy and congenital abnormalities. 



THE VAGINA 

High contrast resolution, the ability to achieve both 
small and large fields of view, and multiplanar capabil- 
ity render MRI superior to CT imaging and ultrasound 
for evaluation of many benign and malignant conditions 
of the vagina. In addition, the lack of invasiveness and 
added extraluminal anatomic detail make MRI prefera- 
ble to vaginography for the evaluation of congenital 
anomalies [75]. 



Normal Anatomy 

The vagina is a 7- to 9-cm-long fibromuscular tube lying 
between the bladder and rectum. The upper one-third is 
derived from mullerian duct fusion, whereas the lower 
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Fig. 13.7 Periurethral collagen injection for urinary 
incontinence. Transverse (a) and sagittal (b) ETSE images in a 
72-year-old woman show an intermediate-signal-intensity mass (C) 
that is centered around the urethra (arrows, a). The collapsed 
vagina is present posterior to the mass (arrow, £>). Without a 
history of prior collagen injections, it would be difficult to differ- 
entiate this mass from a urethral carcinoma. Transverse T2- 
weighted spin-echo image (c) in a second patient demonstrates 
high-signal-intensity collagen (large arrow) surrounding the low- 
signal-intensity urethra (small arrow). 



two-thirds originates from the urogenital sinus [76]. The 
layers of the vagina consist of the inner mucosal layer, 
the middle submucosal and muscular layer, and an outer 
adventitial layer that contains the vaginal venous plexus 
[10, 77]. The anterior, posterior, and lateral fornices of 
the vagina surround the cervix and are best seen on 
sagittal and transverse images. For descriptive purposes, 
it is useful to divide the vagina into thirds. The upper 
third is considered to be at the level of the lateral forni- 
ces, the middle third at the level of the base of the 
bladder, and the lower third at the level of the urethra. 

MRI Technique 

As in the evaluation of the pelvis in general, T2 -weighted 
images are critical because they differentiate the layers 



of the vaginal wall to best advantage. Tl -weighted 
images are complementary, particularly combining fat 
suppression with gadolinium administration. Fat sup- 
pression is required to differentiate fat from protein- 
aceous or hemorrhagic contents [78] and for detection 
of peritoneal enhancement or tumor [79]. The transverse 
plane is ideal for the evaluation of pathology with 
respect to the vaginal wall, and sagittal plane imaging 
demonstrates the relationship to the bladder and rectum. 
Coronal images can demonstrate levator ani muscle 
involvement. Thin (<5mm) sections are preferable. 
Patients should be asked to remove tampons before 
imaging to avoid obscuring detail. Routine use of torso 
or pelvic phased-array coils is ideal to allow acquisition 
of high-resolution, small field-of-view images [80, 81]. 
When even smaller field-of-view and higher-resolution 
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Fig. 13.8 Rectocele and urethral hypermobility. Sagittal SSFSE images in a 35-year-old woman were obtained after place- 
ment of rectal contrast. During relaxation (a), the rectum and urethra are normal in position. During straining (6), the urethra 
assumes a more horizontal orientation consistent with hypermobility. The rectum bulges (arrow, b) significantly anterior to the 
anterior wall of the anal canal, consistent with a rectocele. 



images are needed, endovaginal or endorectal coils may 
be employed [5]. As with 3T imaging of the urethra, 
improved spatial resolution is possible, but imaging can 
sometimes be challenging because of artifacts such as 
from field inhomogeneity. 

Normal 

The mucosal layer and any intraluminal fluid and mucus 
appear as a central area of low signal intensity on 
Tl -weighted images and high signal intensity on T2- 
weighted images (fig. 13-9) [77]. The thickness of the 
endoluminal mucus has been shown to correlate with 
estrogen levels and becomes more prominent during 
the late proliferative and early secretory phases of the 
menstrual cycle. Pregnant patients often have medium 
to high signal intensity of the mucus layer, vaginal wall, 
and surrounding tissues. In contrast, premenarchal 
females and postmenopausal females have a low-signal- 
intensity wall and a very thin high-signal-intensity 
mucus layer. The middle layer of the vagina is low in 
signal intensity on both Tl- and T2-weighted images 
and consists of the submucosa and muscularis layers. 
The muscularis consists of inner longitudinal and outer 
circular smooth muscle layers. The vaginal venous 
plexus in the adventitial layer is high in signal intensity 
on T2-weighted images because of slow venous flow. 



After gadolinium administration, the vaginal wall 
enhances, and occasionally a low-signal-intensity line is 
present centrally, which may represent the lumen or 
inner epithelial layer [10]. 

Normal Variants and Congenital Disease 

Congenital and developmental anomalies of the vagina 
can be divided into four categories: absence and partial 
absence, duplication and partial duplication, abnormali- 
ties of gonadal differentiation, and ambiguous genitalia. 
MRI provides a noninvasive method of determining the 
presence of the uterus, cervix, vagina, gonads, and 
penile bulb and thus is ideally suited for evaluation of 
these abnormalities [82-87]. 

Vaginal Agenesis and Partial Agenesis. Vaginal 
agenesis and partial agenesis are rare conditions that 
are classified under the larger category of mullerian duct 
anomalies. The incidence of all mullerian duct anoma- 
lies in women has been reported to be 1-15%. One in 
4000-5000 women is estimated to have vaginal agenesis 
[84, 88]. These patients typically have normal ovaries 
and external genitalia but can have associated abnor- 
malities of the uterus, cervix, upper urinary tract, and 
skeleton (fig. 13.10). If no functioning endometrium is 
present, these patients will often present with primary 
amenorrhea. If functioning endometrium is present, 
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Fig. 13.9 Normal vagina. Sagittal T2-weighted echo-train spin-echo (a) and immediate postgadolinium fat-suppressed SGE (b) 
images. On the T2-weighted images, the low-signal-intensity muscular wall and the central higher-signal-intensity mucosal layer of 
the vagina are apparent. The sagittal T2-weighted image (a) shows vagina (open arrows) as well as the posterior vaginal fornix 
(solid arrows). Relationship with uterus and cervix is well seen. On the immediate postgadolinium fat-suppressed image (£>), intense 
enhancement of vaginal mucosa (arrows) is present. (Courtesy of Susan M. Asher, M.D., Dept. of Radiology, Georgetown University 
Medical Center, Washington, DC.) 




Fig. 13.10 Vaginal agenesis in patient with surgically 
repaired persistent cloaca. Sagittal SS-ETSE image. No vagina 
is seen. The urethra (white arrow) is elongated and superiorly 
positioned. The bladder has a thickened wall (black arrow).The 
reconstructed rectum (R) is dilated. 



however, patients present after menarche with pain and 
mass effect from hematometra (fig. 13.11). 

The surgical management of these patients is deter- 
mined by the presence of functioning endometrium and 
a cervix. Complete vaginal agenesis with no functioning 
endometrium and only a small uterine bulb is treated 
with vaginoplasty. If the uterine bulb contains function- 
ing endometrium, vaginoplasty along with open surgery 
to remove the uterine remnant are required to prevent 
endometriosis. When a uterus with endometrium but 
no cervix accompanies complete agenesis, hysterec- 
tomy and vaginoplasty are required. If patients have a 
partial vaginal agenesis with a normal uterus and cervix, 
creation of an external vaginal opening alone is required, 
and pregnancy is possible [88]. 

Mayer-Rokitansky-Kuster-Hauser syndrome is the 
name given to the mullerian duct anomaly with vaginal 
and uterine agenesis, normal tubes and ovaries, and 
variable urinary tract anomalies (fig. 13.12). This disor- 
der occurs in approximately 1 in 5000 female births, 
with most patients having a normal karyotype [89]. 
Uterine and/or vaginal rudiments may be present, and 
documentation of their presence is also important for 
planning of the surgical approach [83]. Vaginal agenesis, 



1412 



Chapter 13 FEMALE URETHRA AND VAGINA 





Fig. 13.11 Vaginal atresia with hematometra. Sagittal-plane high-resolution 512 matrix T2-weighted echo-train spin-echo 
(a) and Tl -weighted 2D-SGE gradient-echo (b) images. The upper vagina and uterus are dilated and blood filled. Narrowing of the 
blood-filled structures is noted at the level of the cervix (arrow, b). 



partial agenesis, and cloacal abnormalities are best 
imaged with MRI. Thin-section T2 -weighted transverse 
images accurately demonstrate agenesis, and in cases 
of partial agenesis combined transverse and sagittal 
images delineate vaginal length, which is important in 
surgical planning [83, 86, 90, 91]. MRI also shows the 
presence or absence of the uterus, cervix, and kidneys. 
Exquisite sensitivity in evaluating blood makes MRI 
ideal for identifying functioning endometrium. 

Duplication and Partial Duplication. Duplica- 
tion and partial duplication of the vagina are typically 
seen in association with the didelphys anomaly of the 
uterus. This anomaly is well seen on transverse T2- 
weighted images. Vaginal duplication can result in a 
longitudinal vaginal septum that can be a cause of dys- 
pareunia [92]. T2-weighted images demonstrate the low- 
signal-intensity septum contrasted by the high signal 



intensity of the adjacent vaginal secretions and mucosal 
layer. Vaginal and uterine duplication can also be com- 
plicated by a transverse vaginal septum causing obstruc- 
tion of the affected hemivagina and its associated uterine 
cavity [93]. Patients begin menses at a normal age at 
puberty, because of the presence of the nonobstructed 
uterine horn, but can present with a palpable mass. 
Untreated cases can result in the development of endo- 
metriosis [92, 94]. This abnormality is also associated 
with ipsilateral renal agenesis. 

A transverse vaginal septum is the result of failure 
of fusion of the down-growing mullerian duct with 
the up-growing urogenital sinus. Like patients with 
imperforate hymen, these patients present at puberty 
with amenorrhea and cyclical abdominal pain (fig. 
13.13). Treatment of transverse vaginal septum includes 
resection of the septum and vaginal reconstruction. 
In more severe cases, agenesis of the cervix is also 
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Fig. 13.12 Mayer-Rokitansky-Kiister-Hauser syndrome. Transverse (a) and sagittal (b) T2-weighted ETSE images in a 
17-year-old female with primary amenorrhea show a normal urethra (u, a), rectum (R, a), and vaginal venous plexus (arrows, a). 
No normal vaginal wall is present (compare to fig. 13.8). On the sagittal image (b) the absence of the uterus, cervix, and vagina is 
well demonstrated. Transverse (c) and sagittal id) SS-ETSE images in a second patient .The vagina and uterus are absent, and the 
urethra (arrows, c, d) is more posteriorly positioned than normal. Partial absence of the sacrum with abnormal elevation of the 
pelvic floor is present. Transverse 512-resolution echo-train spin-echo (e) and sagittal SS-ETSE (/) images in a third patient demon- 
strate similar findings of absent vagina and uterus with posterior positioned urethra. 
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Fig. 13.13 Low transverse vaginal septum and hematocolpos. Sagittal T2-weighted ETSE (a) and transverse Tl-weighted 
(b) images in a 12-year-old girl with pelvic pain show a distended vaginal canal (V) that is filled with complex fluid with a fluid-fluid 
level (arrow, a). Tl-weighted image (b) obtained through the lower vagina shows that the distended vaginal canal contains high 
signal intensity (arrows, b) representing the Tl -shortening effects of protein and/or methemoglobin within subacute blood. A low 
transverse septum may have an appearance similar to an imperforate hymen on MR imaging. The treatment of the two conditions, 
however, is similar. Sagittal (c, d) and transverse (e) T2-weighted ETSE images in a second patient, who has a transverse vaginal 
septum, demonstrate marked distension of the vagina and uterine cavity consistent with hematocolpometra. (Courtesy of Andrea 
Oliveira, M.D., Brasilia, Brazil.) 
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found and hysterectomy with vaginoplasty is required 
[92, 95, 96]. 

Abnormalities of Gonadal Differentiation. 

Abnormalities of gonadal differentiation include true 
hermaphroditism and gonadal dysgenesis. True her- 
maphrodites have both ovarian and testicular tissues, 
which can exist together as an ovotestis or in separate 
discrete gonads [97, 98]. Although the internal genitalia 
are variable, most patients have a uterus. Ovotestes and 
testes are often intra-abdominal or cryptorchid, whereas 
ovaries are typically intra-abdominal [98]. Most (80%) 
have XX karyotype, with the remaining 20% evenly 
divided between XY and mosaic karyotypes [82, 83]. 
Development of the internal ducts usually corresponds 
with the gonad on that side. Sex assignment of true 
hermaphrodites is usually made by the external genita- 
lia, which are variable in appearance. MRI evaluation 
can be helpful in demonstrating the internal anatomy. 
Presence of the vagina or prostate is well established 
with transverse imaging, and sagittal views display the 
uterus, penile bulb, and prostate well [77, 82, 86, 98]. 
The gonads in these patients are at increased risk of 
neoplasms. 

The term "pure gonadal dysgenesis" refers to the 
presence of bilateral streak gonads, which are fibrous 
in nature and contain no germ cells [98]. The basic 
underlying defect is typically an abnormal second sex 
chromosome. The majority of these patients are of the 
XO phenotype known as Turner syndrome. These 
patients have infantile external genitalia, a uterus and a 
vagina, as well as bilateral streak ovaries. They often 
have other abnormalities such as a webbed neck and 
short stature. Other karyotypes occur with gonadal dys- 
genesis, including mixed gonadal dysgenesis in which 
the patients have a mosaic karyotype (XO/XY, XO/ 
XYY). These patients have one testis and one streak 
gonad [98]. A 46 XY combination also exists with abnor- 
mal testicular development. This entity differs from tes- 
ticular feminization in that female internal ducts are 
usually present as well as external female genitalia. The 
feminization may be incomplete if the testes are able 
to produce some testosterone or mullerian regression 
factor [98]. In patients with gonadal dysgenesis, Y 
chromosome-containing gonads are at increased risk for 
malignant transformation and should be removed. 
Although karyotype analysis is the most critical in the 
evaluation of these patients, MRI can be helpful in 
demonstrating the degree of differentiation of internal 
organs as well as identifying streak gonads, seen as low 
signal intensity on T2-weighted images. 

Ambiguous Genitalia. Patients with normal geno- 
type but ambiguous genitalia are classified as pseudo- 
hermaphrodites. Male pseudohermaphrodites have 




Fig. 13.14 Testicular feminization. Sagittal T2-weighted 
echo-train spin-echo image. Note absence of the uterus and the 
blind-ended vagina (arrow). 



testes but possess ambiguous internal and/or external 
genitalia [98]. The most common etiology is testicular 
feminization (fig. 13.14), which is an X-linked recessive 
disorder in which there is an absence of cytoplasmic 
testosterone receptors. These patients are pheno- 
typically female but have a blind-ended vagina with 
no uterus or fallopian tubes because the testes make 
normal mullerian regression factor [97]. T2 -weighted 
MR imaging is helpful in preoperative location of 
the testes, which are removed because of increased 
risk of malignancy [98]. Other forms of male pseudo- 
hermaphroditism include incomplete testicular femini- 
zation with partially masculinized genitalia, inability 
of tissues to convert testosterone to dihydrotestoster- 
one, congenital errors of testosterone synthesis, and 
inability of the testes to respond to hypothalamic 
gonadotropin [82]. 

Female pseudohermaphrodites have normal 46 XX 
karyotypes and normal ovaries but have virilized exter- 
nal genitalia because of androgen exposure in utero 
[77, 98]. The most common etiology is 21 -hydroxylase 
deficiency, which is one form of congenital adrenal 
hyperplasia. This deficiency leads to an excess of andro- 
genic sex steroids, which leads in turn to ambiguous 
genitalia if exposure occurs before the 12th week 
of gestation and to clitoromegaly if exposure occurs 
later. Development of male internal genitalia does 
not occur because this requires local androgen 
exposure rather than systemic exposure. Other, rarer 
causes of female pseudohermaphroditism include 
androgen-producing ovarian or adrenal tumors or 
maternal ingestion of androgen-containing drugs during 
the first trimester. With surgical and/or hormonal 
treatment, these females can have normal fertility and 
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near-normal female phenotype. MRI is important in 
identifying uterus, ovaries, vagina, and penile bulb if it 
is present. 

Mass Lesions 

Benign Masses 

Bartholin Cyst. Bartholin glands are mucus- 
secreting glands that open into the posterolateral aspect 
of the vaginal vestibule. Trauma or chronic inflamma- 
tion in this region is thought to lead to retention of 
secretion in these glands and cyst formation. Unless 
these cysts become infected, they usually do not incite 
symptoms. Neisseria gonorrhoeae is the most common 
infecting organism. In addition to antibiotic therapy, 
aspiration, incision and drainage, laser vaporization, 
and marsupialization can be employed [99, 100]. These 
cysts are seen on MR images as small fluid-filled struc- 
tures in the lower third of the vagina. They are high in 
signal intensity on T2-weighted images and medium to 
high in signal intensity on Tl -weighted images, depend- 
ing on the protein content of the fluid [75, 101] (fig. 
13.15). Rim enhancement after gadolinium administra- 
tion suggests infection of the cyst. 

Gartner Duct Cyst. Gartner duct cysts are formed 
from mesonephric duct or wolffian duct remnants and 
represent the most common benign vulvovaginal lesion 
in children. Usually asymptomatic, these lesions are 
found incidentally in 1-2% of female pelvic MRI examina- 
tions [75]. Occasionally larger lesions are seen and may 
cause dyspareunia or difficult vaginal delivery. Gartner 
duct cysts arise from the anterolateral wall of the proximal 
vagina. These lesions have signal characteristics typical 
for cysts that are low in signal intensity on Tl-weighted 
images and high in signal intensity on T2-weighted 
images. These cysts can exhibit high signal intensity on 
Tl-weighted images when the contents are proteinaceous 
or hemorrhagic (fig. 13.16) [102]. Rim enhancement is not 
a typical feature. Gartner duct cysts can be associated 
with genitourinary abnormalities such as Herlyn-Werner- 
Wunderlich syndrome, where they are associated with 
ipsilateral renal agenesis [103]. Communication of an 
ectopic ureter with a Gartner duct cyst has been reported 
and is a cause of incontinence [104]. 

Cavernous Hemangioma. Cavernous hemangio- 
mas of the vulva or vagina are most common in infants 
and tend to stabilize or regress during childhood and 
adolescence. Symptoms are unusual but can include 
bleeding, ulceration, or hemorrhage during vaginal 
delivery [105-107]. STIR and fat-suppressed T2-weighted 
images demonstrate high signal intensity in the serpigi- 
nous vascular lakes that make up the neoplasm (fig. 
13.17) [108]. 



Malignant Masses 

Primary Vaginal Malignancies. Relatively rare 
lesions, vaginal carcinomas account for less than 3% of 
all gynecological malignancies. Up to 95% of primary 
vaginal malignancies are of squamous cell histology, 
and they are usually well-differentiated [109, 110]. This 
entity affects older patients, with a peak age incidence 
of 60-70 years. Infection with human papillomavirus 
has been shown to be a risk factor for these tumors 
[111]. Patients are often asymptomatic but can present 
with increased vaginal discharge or spotting. Either 
TNM or FIGO classification schemes can be used for 
staging (Table 13.2). These lesions typically arise from 
the upper posterior vagina and then spread through the 
wall to invade adjacent pelvic structures. Lesions in the 
upper third of the vagina spread to the iliac nodes, 
whereas tumors in the lower two-thirds initially involve 
the inguinal nodes. 

Clear cell adenocarcinomas make up 3% of primary 
vaginal malignancies and occur in less than 0.14% of 
women who have suffered in utero diethylstilbestrol 
(DES) exposure [112-114]. Most of these patients were 
born between 1951 and 1953. These tumors most often 
arise from the anterior aspect of the upper third of the 
vagina (fig. 13.18). There is an 80% 5-year survival rate 
for women presenting with vaginally confined disease 
and only 20% 5-year survival for women with locally 
advanced or metastatic tumors [111]. 

The contrast resolution of MRI has made it the 
modality of choice in the evaluation of vaginal tumors. 
It can be used to assess the extent of disease at initial 
presentation, and it can be used to detect tumor recur- 
rence [115]. Differentiation of inflammatory changes 
from primary or metastatic lesions may be problematic, 
but one group of investigators has shown MRI to be 
92% accurate in demonstrating metastatic disease and 
82% accurate in depicting recurrence [116]. Vaginal 
tumors are of intermediate signal intensity on Tl- 
weighted images and may be occult when small. 
However, these lesions are well seen on T2-weighted 
images and demonstrate moderately high signal 
intensity [115, 117]. Vaginal neoplasms show variable 
enhancement after gadolinium administration (figs. 
13.19, 13.20, and 13.21). 

Detection of tumor recurrence after hysterectomy 
may be an important role for MRI. The vaginal cuff can 
have a very irregular appearance due to postoperative 
fibrosis and granulation tissue. Tumor is generally irreg- 
ular in contour and usually high in signal intensity on 
T2-weighted images, whereas fibrosis and granulation 
tissue are low in signal intensity on T2-weighted images 
[116, 118]. Recurrent tumor frequently enhances in a 
heterogeneous intense fashion on gadolinium-enhanced 
fat-suppressed images. Inflammatory changes within 9 
months to 1 year after radiation therapy result in 
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Fig. 13.15 Asymptomatic Bartholin gland cyst. Transverse T2-weighted ETSE (a) and sagittal Tl-weighted fat-suppressed 
SGE Qf) images show a low-signal-intensity mass on the T2-weighted image (arrow, a) within the lateral aspect of the distal vagina 
near the introitus. On the sagittal Tl-weighted fat-suppressed image this mass appears high signal intensity because of high protein 
content (arrow, b). B, bladder; U, uterus. Coronal T2-weighted ETSE (c) and coronal gadolinium-enhanced fat-suppressed SGE (d) 
images in a second patient. The cyst is high in signal intensity on the T2-weighted image (arrow, c) and demonstrates an enhancing 
cyst wall with low-signal-intensity cyst contents on the postgadolinium image (d). Sagittal 5 1 2-resolution T2-weighted ETSE (e, /) 
images in two other patients show Bartholin duct cysts (arrows, e, /). 



Fig. 13.15 (Continued) 






ym & 




Fig. 13.16 Gartner duct cyst. Transverse T2-weighed ESTE (a), transverse Tl-weighted ETSE (&), and sagittal T2-weighted 
ETSE (c) images in a 22-year-old woman with an asymptomatic palpable paracervical mass. There is a well-circumscribed mass 
with high-signal intensity on Tl- and T2-weighted images (g, a-c), centered within the left side of the proximal vagina (v, a, b). 
The high signal on Tl reflects intracystic protein. Sagittal T2-weighted image (c) reveals that the mass is located above the urethra 
(U, c) and below the cervix (C, c) within the proximal vagina. The normal zonal anatomy of the uterus is present. Sagittal id) and 






Fig. 13.16 (Continued) transverse (e) T2-weighted ETSE and transverse SGE (/) images in a second patient. There is a round, 
well-defined lesion in the upper vagina in the right lateral fornix (arrows, d, e). The cyst is high signal on the Tl -weighted image 
(/) and low signal on T2-weighted images (d, e), consistent with intracystic protein in a Gartner cyst. Sagittal T2-weighted single- 
shot echo-train (g), transverse (h), Tl-weighted fat-suppressed SGE (i), and postgadolinium Tl-weighted fat-suppressed SGE (/) 
images in a third patient demonstrate findings similar to the second patient (arrow, g). 
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Fig. 13.17 Recurrent perivulvar cavernous hemangi- 
oma. Transverse Tl -weighted (a) and transverse (b) and coronal 
(c) T2-weighted ETSE images in a 26-year-old woman who under- 
went resection of perivulvar hemangioma 12 years before imaging. 
The Tl -weighted image (a) at the level of the perineum shows 
effacement (arrow) of the anterior ischiorectal fat (F) adjacent to 
the right side of the vagina (v). On T2-weighted images (b, c), this 
area is ill-defined and shows high signal intensity (H, b) represent- 
ing the patient's known vascular malformation. Coronal image (c) 
shows the longitudinal extent of the lobular malformation (H). 
Note the asymmetry of the more central pelvic veins (v, c) because 
of the increased venous outflow of the malformation. 




increased signal intensity on T2-weighted images and 
may mimic tumor recurrence [119]. Close follow-up with 
MRI may be useful in selected cases. 

Other rare primary vaginal malignancies include 
leiomyosarcomas in adults, endodermal sinus tumors 
in infants, embryonal rhabdomyosarcoma (sarcoma 
botryoides) in children (fig. 13.22), melanoma (fig. 
13.23), and lymphoma (fig. 13.24) [115, 120-122]. 
Leiomyosarcoma and endodermal sinus tumors are 
highly malignant with poor prognosis. Melanoma may 
be high in signal intensity on Tl-weighted images [117]. 
The high signal intensity within melanin can be either 
secondary to intratumoral hemorrhage or from the Tl- 



shortening effects of paramagnetic metals such as iron 
that are associated with melanin [123]. Primary vaginal 
leiomyomas have as appearance similar to uterine 
fibroids. Tumors that are not degenerated reveal homog- 
enous low signal intensity on T2-weighted images sec- 
ondary to the smooth muscle content of the tumor (see 
fig. 13.21) [22, 124]. 

Vaginal Metastases. Secondary vaginal malig- 
nancies make up 80% of all vaginal tumors [98]. Local 
spread from cervical and endometrial carcinoma com- 
prise the majority of reported cases (figs. 13.25 and 
13.26) [125]. 
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Table 13.2 TNM Staging for Vaginal 
Carcinoma 

Primary Tumor 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor confined to the vagina 

T2 Tumor invades paravaginal tissues but does not extend 
to the pelvic wall 

T3 Tumor extends to the pelvic wall 

T4 Tumor invades mucosa of bladder or rectum and/or 
extends beyond 

Regional Lymph Nodes 

Nx Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

Upper two-thirds of vagina 

N1 Regional lymph node metastasis 

Lower third of vagina 

N2 Regional lymph node metastasis 

Bilateral inguinal lymph node metastasis 




Fig. 13.18 Invasive clear cell adenocarcinoma of the 
vagina. Sagittal T2-weighted ETSE image in a in a 68-year-old 
woman unrelated to DES exposure shows a large hetero- 
geneous intermediate- to high-signal-intensity mass (T) in the 
anterior wall of the proximal vagina with gross invasion of 
the posterior bladder wall (B) and the posterior urethra (u). 
The posterior vaginal wall is preserved (open arrow). 



Metastases 

M1 Distant metastases 



Sagittal- and transverse-plane images are useful 
for the demonstration of tumor extension to the vagina. 
Both T2-weighted fast spin-echo images and gadolinium- 
enhanced Tl -weighted fat-suppressed images define 
tumor involvement. 

Vulvar and Perineal Carcinomas. Vulvar carci- 
nomas are uncommon lesions that occur in older 
patients and are typically of squamous cell origin. Most 
of the patients have vulvar pruritus, although pain, 
bleeding, and palpable mass are often typical symp- 
toms. A TNM system is used for staging (Table 13-3). 
Modern treatment includes local resection with inguinal 
lymphadenectomy. Postoperative adjuvant radiation 
therapy has replaced pelvic lymphadenectomy [126, 
127]. MRI is a sensitive modality for the evaluation of 
both primary and recurrent vulvar carcinoma (figs. 13.27 
and 13.28). 

Other more rare malignancies involving the vulva 
include Bartholin gland carcinoma, Paget disease, mela- 
noma, basal cell carcinoma, rhabdomyosarcoma, and 
aggressive angiomyxoma [75, 122, 128]. 

Bartholin gland carcinomas are very rare, with 
fewer than 50 reported cases in the literature [129]. Most 
are adenoid cystic carcinomas and grow slowly, with 
local spread preceding metastatic disease. Treatment 



includes radical vulvectomy with regional nodal dissec- 
tion and adjuvant radiation if complete resection is not 
obtained [130]. At least in part because of the slow rate 
of growth of this neoplasm, greater than 80% 5-year 
survival is usually seen. 

Miscellaneous 

Radiation Change 

The appearance of radiation changes of the vagina 
varies depending on the time interval between therapy 
and imaging. Acute radiation changes of less than 1 
year reflect histologic changes of interstitial edema 
and capillary leakage. The vaginal wall shows general- 
ized thickening and is high in signal intensity on T2- 
weighted and gadolinium-enhanced Tl -weighted 
images (fig. 13.29). Chronic changes after more than 1 
year result in fibrosis, diminished interstitial fluid, and 
diminished vascularity. The vaginal wall may become 
atrophic, has low signal intensity on T2-weighted 
images, and demonstrates diminished enhancement 
after gadolinium administration. Necrosis of the vaginal 
wall with secondary fistula formation can also occur 
[119, 131, 132]. 

Fistulas 

Fistulas to the vagina occur most commonly in the 
setting of gynecological malignancy after radiation 
therapy, hysterectomy, inflammatory bowel disease, or 
a combination of these. Imaging in the sagittal and 
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Fig. 13.19 Vaginal carcinoma at 1.5 and 3 T. Sagittal (a) and transverse (b) T2-weighted ETSE and sagittal (c) and transverse 
id) interstitial-phase gadolinium-enhanced fat-suppressed SGE images at 1.5T. There is a large, irregular soft tissue mass arising from 
the vagina and involving the urethra (arrows, a-d). The uterus is small and low signal secondary to prior radiation therapy. In 
a second patient, transverse T2-SE (e) and interstitial-phase gadolinium-enhanced fat-suppressed 3D gradient echo (/) images at 3T 
show an irregular, enhancing, partially necrotic vaginal mass (arrow e, /). 
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Fig. 13.20 Vaginal carcinoma with bladder and rectum invasion. Transverse T2-weighted spin-echo id) and transverse 
gadolinium-enhanced Tl -weighted fat-suppressed spin-echo (£>) images. A large heterogeneous vaginal cancer is identified on the 
T2-weighted image (arrow, a) arising from the anterior vaginal wall. Postradiation changes in the pelvis are also heterogeneous in 
signal intensity, and the margins of the tumor are not well-defined. The tumor enhances heterogeneously and intensely after gado- 
linium administration (arrow, £>), and invasion of the bladder is clearly shown. 




Fig. 13.21 Primary vaginal leiomyoma in a 40-year-old 
woman. Four consecutive transverse T2-weighted ETSE images 
show a homogeneous low-signal-intensity mass (m) that is sepa- 
rate from the cervix (c) and urethra (arrows). The low signal 
intensity on T2 reflects the smooth muscle content of the tumor. 
B, bladder. 




Fig. 13.22 Vaginal rhabdomyosarcoma in a 14-year-old 
female. Transverse gadolinium-enhanced Tl -weighted fat- 
suppressed spin-echo image demonstrates an irregular enhancing 
mass extending outside the vagina to involve the vulva and peri- 
neal region. Enhancing bony metastasis of the left inferior pubic 
ramus is also seen. 
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Fig. 13.23 68-year-old female with vaginal melanoma 
recurrence. Sagittal gadolinium-enhanced Tl -weighted fat- 
suppressed spin-echo image demonstrates an irregular enhance- 
ment of the vaginal area extending into the soft tissues 
anteriorly. 
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Fig. 13.24 Extensive vaginal lymphoma. Axial (a) and coronal (£>) T2-weighted ETSE images demonstrate a large, lobulated 
intermediate-signal-intensity mass filling the vaginal canal, displacing the uterus, and extending through the introitus. 
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Fig. 13.25 Vaginal invasion. Sagittal (a, b) and transverse 
(c) T2-weighted ETSE images in a 78-year-old woman who has 
endometrial carcinoma and presents with an introital mass show 
distended endometrial (E), cervical (C), rectal (R), and vaginal (V) 
canals that are filled with solid tumor. Transverse image (c) 
demonstrates that the anterior vaginal wall is intact (white arrows) 
and the urethra (u) is spared. However, the posterior vaginal 
wall and rectovaginal septum are indistinct, indicating invasive 
adenocarcinoma. Transverse T2-weighted spin-echo image (d) in 
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Fig. 13.25 (Continued) a second patient, who has bladder 
cancer. The bladder cancer (arrow, d) arises from the posterior 
wall and invades the anterior wall of the vagina. In a third patient, 
sagittal T2-weighted ETSE (e) and interstitial-phase gadolinium- 
enhanced fat-suppressed 3D-gradient echo (/) images at 3 T show 
cervical carcinoma with extensive uterine (long arrows, e, /) and 
vaginal invasion (short arrow, e, /). 



transverse planes with T2-weighted and postgadolinium 
Tl -weighted images is important to maximize detection 
(fig. 13-30). The addition of fat suppression to the 
Tl -weighted images increases the conspicuity of the 
enhancing sinus tract walls. Vaginal fistulas can be 
diagnosed with vaginography, contrast enema, and 
retrograde cystography, but MR imaging has the added 
advantage of being able to evaluate the surrounding 
soft tissue structures, which can often determine whether 
the fistula is due to benign or malignant disease 
[133-135]. 



Conclusion 

MRI is the modality of choice for evaluation of vaginal 
pathology. The noninvasive nature of the test, the lack 
of ionizing radiation, and its ability to demonstrate 
the surrounding soft tissue structures make it superior 
to vaginography for evaluation of congenital abnor- 
malities. Multiplanar capability, high soft tissue contrast, 
and nonnephrotoxic contrast media make it the exami- 
nation of choice for evaluation of benign or malignant 
masses. 
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Fig. 13.26 Rectal carcinoma with spread to posterior 
vaginal fornix. Sagittal immediate postgadolinium fat- 
suppressed SGE image. A lobulated intermediate-signal- 
intensity mass (arrow) extends from the lower rectum anteriorly 
to involve the posterior vaginal fornix (long arrow), which 
appears expanded. 



Table 13.3 TNM Staging for Carcinoma 
of the Vulva 


Primary Tumor 

T1 Tumor 2cm or smaller confined to the vulva 


T2 


Tumor larger than 2 cm confined to the vulva 


T3 


Tumor of any size with adjacent spread to the 
urethra and/or perineum 


T4 


Tumor of any size infiltrating the bladder mucosa 
and/or the rectum 


Regional Lymph Nodes 

NO No nodes palpable 


N1 


Noes palpable in either groin, not enlarged, mobile 


N2 


Nodes palpable in either one or both groins, 
enlarged, firm, and mobile 


N3 


Fixed or ulcerated nodes 


Metastases 




MO 


No clinical metastases 


M1 


Palpable deep pelvic lymph nodes 


M2 


Other distant metastases 





Fig. 13.27 Invasive squamous cell carcinoma of the vulva. Transverse (a) and coronal (b) T2-weighted fat-suppressed 
ETSE images in a 37-year-old woman with history of human papillomavirus infection and condylomata accuminata. There is a 
heterogeneous mass (m, a) of intermediate to high signal intensity in the perineum, with obliteration of the expected location 
of the normal low-signal-intensity anterior rectal wall (r, a) and posterior vaginal wall (v, a). The distal urethra is not involved 
(arrow, a). Coronal image (b) shows bilateral inguinal adenopathy (N). This image alone is not specific for metastatic adenopathy. 
The presence of central necrosis within lymph nodes on postcontrast MR and CT images is very specific for malignancy in the 
setting of squamous cell carcinomas of the pelvis, i, Ischial tuberosities; B, bladder. 
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Fig. 13.28 Vulvar carcinoma. Transverse SGE (a), 512- 
resolution T2-weighted echo-train spin-echo (£>), and 90-s post- 
gadolinium fat-suppressed SGE (c) images. The Tl -weighted image 
(a) shows an irregular low-signal-intensity mass arising from the 
vulva with posterior extension to involve the anus (arrow, a). On 
the T2-weighted image Qf) the mass is intermediate in signal inten- 
sity. In part, this reflects the high signal intensity of fat on echo- 
train spin-echo sequences. Heterogeneous enhancement of tumor 
is seen on postgadolinium imaging (c). 




Fig. 13.29 Radiation changes after treatment for vaginal 
carcinoma. Transverse gadolinium-enhanced Tl -weighted fat- 
suppressed spin-echo image. Enhancing tissue is seen involving the 
urethra, vagina, and anal canal, giving a "grinning pig" appearance. 
Diffuse thickening of the vaginal wall is appreciated. Enhancement 
from acute radiation changes cannot be easily distinguished from 
tumor, but symmetric changes favor benign disease. 
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Fig. 13.30 Rectovaginal fistula. Sagittal T2-weighted ETSE image (a) in a 36-year-old woman with history of inflammatory 
bowel disease and prior subtotal colectomy reveals high-signal-intensity content of the fistula (arrow) that is continuous with the 
remaining rectal segment (r) and the vagina (v). b, Bladder. Transverse 512-resolution T2-weighted echo-train spin-echo (£>), sagittal 
512-resolution T2-weighted echo-train spin-echo (c), and sagittal 45-s postgadolinium SGE id) images in a second patient who is 
status post hysterectomy for cervical cancer. A signal void focus of air is present in the vagina on T2-weighted images (small arrows, 
b, c), consistent with a fistulous communication with bowel. The superior aspect of the vagina expands into an abscess cavity (long 
arrow, c), which is well shown on sagittal-plane images. The gadolinium-enhanced image shows increased enhancement and thick- 
ness of the vaginal wall, which is consistent with inflammatory changes (short arrow, d). A fistulous tract is apparent on this sagittal 
image (long arrow, d) in continuity with adjacent bowel. 
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agnetic resonance imaging (MRI) provides excel- 
lent visualization of the uterus and cervix. MRI 
has become the imaging modality of choice for the 
diagnosis of congenital uterine anomalies and benign 
acquired gynecological disease. MRI has been shown 
to be effective for preoperative characterization and 
staging of endometrial and cervical carcinoma. Because 
MRI does not employ ionizing radiation, it is also well 
suited for imaging women of reproductive age. 



MRI TECHNIQUE 

Patients are best imaged with an empty bladder after 
fasting for at least 4 hours. A distended bladder may 
produce motion-related artifact in the phase-encoding 
direction and displace the uterine fundus superiorly, 
where it is more affected by bowel peristalsis. Also, 
uterine compression may obscure the normally visible 
fat plane between the uterus and urinary bladder, an 
important landmark for evaluation of tumor invasion in 
gynecologic cancer staging. Antispasmodics such as glu- 
cagon (lmg intramuscularly or intravenously) may be 



used to decrease motion artifact related to bowel peri- 
stalsis. Some centers use intravaginal gel to distend the 
vaginal fornices [1]. Imaging is performed with the 
patient supine unless she is in late pregnancy, in which 
case a decubitus position is preferred to decrease pres- 
sure on the inferior vena cava. 

Patients with intrauterine contraceptive devices are 
safely imaged. The device demonstrates a signal void 
on Tl- and T2 -weighted sequences and does not cause 
sufficient signal loss to significantly limit the examina- 
tion [2]. A phased-array coil should be used. It is helpful 
to place a saturation band over the fat in the anterior 
abdominal wall to minimize artifact on non-fat- 
suppressed sagittal images, and it may be helpful to use 
an anterioposterior frequency-encoding direction for 
axial images. Endoluminal coils are not currently com- 
monly used for imaging of the uterus [3]. One study 
showed that endoluminal coils would add cost without 
improving overall staging in patients with cervical 
carcinoma [4]. However, another study showed endo- 
vaginal coils to be useful for evaluation of small-volume 
disease and parametrial extension in patients with cervi- 
cal cancer [5]. 
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There are many MR sequence protocol options for 
imaging the female pelvis. The appropriate choice 
depends on the specific clinical question as well as the 
available equipment and expertise. The following general 
protocol suggestions employ current widely available 
sequences. First, a large-field-of-view coronal and axial 
T2-weighted single shot echo train spin-echo image is 
obtained, such as half-Fourier single-shot turbo spin- 
echo. Subsequent images are obtained with a small field 
of view (20-24 cm) to maximize spatial resolution and 
are angled to the uterus based on the axial single-shot 
echo-train spin echo because the uterus is frequently 
oriented toward the left or right [6]. Small-field-of-view 
images include axial and sagittal T2-weighted echo-train 
spin echo and axial Tl -weighted spoiled gradient echo 
in and out of phase. Sequence planes are angled to the 
uterus or cervix to provide true long- and short-axis 
views of these structures. An oblique section obtained 
perpendicular to the cervical canal results in a short-axis 
view and allows accurate assessment of cervical zonal 
anatomy and facilitates cervical carcinoma staging [7]. 

The necessary oblique planes can be obtained by 
first obtaining T2-weighted echo-train spin-echo or T2-/ 
Tl -weighted steady state-free precession images axial 
to the patient. These sequences delineate the endome- 
trial and endocervical canals and are used to prescribe 
oblique sagittal T2-weighted images oriented parallel to 
the endometrial or endocervical canal. From the oblique 
sagittal images, oblique axial T2-weighted and dual- 
echo Tl -weighted images are prescribed in a plane 
perpendicular to the endometrial or endocervical canal 
(short- axis view). In some conditions, such as uterine 
anomalies, oblique coronal T2-weighted images are also 
obtained (fig. 14.1). Fat saturation is not routinely 
applied to T2-weighted sequences in the female pelvis; 
however, fat-suppressed Tl -weighted images are helpful 
in cases of suspected endometriosis to detect small 
endometrial deposits. A three-dimensional T2-weighted 
acquisition may be helpful if the necessary plane proves 
difficult to obtain in cases of suspected uterine anoma- 
lies. Cine imaging using ultrafast imaging such as single- 
shot echo-train spin echo has been shown to depict 
uterine peristalsis and the development and resolution 
of sustained uterine contractions [8-10]. This can be 
accomplished by imaging midsagittal to the uterus every 
2-3 seconds for 1-2 minutes for a cine consisting of 
between 20 and 60 individual images. 

For benign disease, exclusive use of breath-hold 
sequences is usually sufficient and serves to minimize 
examination time. For evaluation of cancer, longer- 
duration high-resolution T2-weighted echo-train spin- 
echo and postgadolinium fat-suppressed Tl-weighted 
images are needed. Sequential postgadolinium breath- 
hold three-dimensional fast gradient-echo images are 
used for dynamic imaging. 



Imaging at 3T 

The movement toward higher-field MR systems requires 
adaptation of techniques for female pelvis imaging. The 
essential advantage of high-field MR imaging is an 
increase in signal-to-noise ratio (SNR), which depends 
on main magnetic field strength, B . There is a potential 
twofold increase in SNR at 3T compared to 1.5 T. 
Alternatively, similar SNR can be obtained at a faster 
speed. However, several challenges are encountered 
when imaging at 3T. Higher-field imaging is associated 
with increased specific absorption rates (SAR) that 
require modifications for most breath-hold rapid acqui- 
sition sequences. Also, there are increased signal inho- 
mogeneities that arise from the greater shimming 
challenge for the extrinsic magnetic field as well as 
intrinsic field distortions due to increased susceptibility 
effects and chemical-shift effects. Particularly problem- 
atic in the female pelvis is signal shading problems 
magnified by dielectric effects increased at higher field 
strengths. One tool that helps decrease focal signal loss 
in the female pelvis is a dielectric pad, or radiofre- 
quency cushion, available from several vendors. The 
pad is placed between the patient and the surface coil. 

Certain sequences require compromises for imple- 
mentation at 3 T, including single-shot T2 and balanced- 
echo techniques [11, 12]. Other sequences benefit from 
imaging at higher field strength, such as 3D gradient 
echo and echo-train spin echo. Standard echo-train spin 
echo is not limited by SAR effects, because of the rela- 
tively long TR and short echo-train lengths, and can 
more fully take advantage of the increased SNR at 3T. 
3D gradient echo may be optimized at 3T by taking 
advantage of the higher signal to increase the band- 
width, which allows a decrease in the TE and TR. 
Shorter TE leads to decreased susceptibility effects, and 
shorter TR allows for reduction in scan time. 

Because of the current advantages and disadvan- 
tages of 3T imaging, consideration should be made 
before imaging a particular patient at 3T rather than 
1.5 T. For instance, at the present time it is recom- 
mended that fetal imaging not be performed at 3T 
because of prominent standing wave effects from amni- 
otic fluid as well as concerns regarding safety [13]. For 
nonpregnant patients, careful optimization of imaging 
parameters can lead to high-quality images at 3T with 
acceptable scan times and SAR [10, 14]. 

NORMAL ANATOMY 

Uterine Corpus 

The uterus is divided into three major segments: 1) the 
fundus. 2) the body or corpus, and 3) the cervix. In 
women of reproductive age the entire uterus measures 
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Fig. 14.1 Long-axis view of the uterus in two patients. Sagittal (a) and oblique (b) T2-weighted ETSE images of a septate 
uterus. On the sagittal section (a), an imaging plane parallel to the endometrium is prescribed. The resultant long-axis view of the 
uterus (b) shows a muscular and fibrous septum with a normal convex fundal contour, which helps differentiate septate from 
bicornuate uteri. Sagittal (c) and oblique id) T2-weighted ETSE images of a normal uterus. A sagittal image (c) is used to prescribe 
an oblique plane parallel to the endometrial canal. The long-axis view of the uterus id) shows a correctly positioned IUD, seen as 
a hypointense T-shape within the endometrial cavity. 



6-9 cm in length with the uterine corpus measuring 
4-6 cm; the cervix 2.5-3.2 cm. The uterus measures 
approximately 4 cm in thickness and 6 cm in its maximal 
transverse dimension. Histologically, the uterine corpus 
is divided into three layers: 1) the serosa, which consists 
of peritoneum; 2) the myometrium, which consists of 
smooth muscle; and 3) the endometrium. 

On Tl -weighted images, the entire uterus is of 
intermediate signal intensity similar to muscle; the zonal 
anatomy is usually unapparent. On T2-weighted imaging, 



three distinct zones can be recognized in women of 
reproductive age: 1) a high-signal-intensity stripe repre- 
senting the normal endometrium and secretions within 
the endometrial cavity, 2) the junctional zone, a band 
of low signal intensity histologically corresponding to 
the innermost layer of the myometrium, and 3) the outer 
myometrium of intermediate signal intensity [15-17] 
(figs. 14.2 and 14.3). The low-signal-intensity junctional 
zone is seen immediately subjacent to the endometrial 
stripe and represents the innermost layer of the 
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Fig. 14.2 Zonal anatomy of the uterine corpus and cervix, (a) Sagittal T2-weighted ETSE image of the uterine corpus and 
cervix. The central hyperintensity in the uterine corpus represents the endometrium. The band of low signal intensity represents 
the junctional zone (arrow), which appears continuous with the fibrous stroma of the cervix (arrowhead). The outer layer of the 
myometrium is of intermediate signal intensity. Zonal anatomy of the uterine corpus and cervix at 3T. Sagittal T2-weighted 
ETSE image of the uterine corpus and cervix in a different patient (b) shows the myometrial layers including the junctional zone 
(arrow). 




myometrium. [18, 19]. The junctional zone differs from 
the outer myometrium structurally and functionally. The 
histological basis for the low signal intensity of the junc- 
tion zone is multifactorial. First, the water content of 
the junctional zone is lower than that of the endome- 
trium and outer myometrium [18]. The compact smooth 
muscle bundles, as well as the orientation of the fibers 
within the junctional zone, may also contribute to the 
low signal on T2-weighted images [19]. There is also a 
threefold increase in percentage of nuclear area in the 
junctional zone in comparison with the outer myome- 
trium, reflecting an increase in both size and number 
of nuclei [20]. Considerable variation in the normal 
thickness of the junctional zone has been reported, with 
a mean thickness ranging from 2 to 8mm [15, 19]. In 
women taking oral contraceptives, the junctional zone 
may be indistinct. 



Fig. 14.3 Short-axis view of the uterus. T2-weighted 
ETSE sequence perpendicular to the endometrial canal shows 
the uterine zonal anatomy: central hyperintense endometrium, 
low-signal-intensity junctional zone (arrow) representing the 
innermost myometrium, and outer intermediate-signal-intensity 
myometrium. 



Cervix 

The cervix is separated from the corpus of the uterus 
by the internal os, which corresponds to a slight 
constriction visible externally and by the entrance of 
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Fig. 14.4 Short-axis view of the cervix, (a) T2-weighted ETSE image perpendicular to the endocervical canal shows the 
cervical zonal anatomy: central hyperintense mucus, high signal-intensity mucosa, hypointense fibrous stroma (arrow), and outer 
intermediate-signal-intensity loose stroma. Short-axis view of the cervix at 3T. T2-weighted ETSE image (b) perpendicular to the 
endocervical canal in a different patient shows the cervical zonal anatomy including prominent vertical folds (arrow) due to plicae 
palmatae. 



the uterine vessels. On high-resolution T2-weighted 
sequences, the cervix demonstrates four distinct zones: 
1) central hyperintense mucous within the endocervical 
canal, 2) high-signal-intensity endocervix composed of 
columnar epithelium, 3) hypointense fibrous stroma, 
and 4) outer intermediate-signal-intensity loose stroma 
(figs. 14.2 and 14.4). The combined thickness of the 
endocervical canal and mucosa ranges from 2 to 3 mm, 
and the surrounding hypointense fibrous stroma is of 
3- to 8-mm thickness [21]. This layer contains a high 
concentration of elastic fibrous tissues and appears con- 
tinuous with the junctional zone. Smooth muscle strands 
predominate toward the periphery of the cervix in the 
outer intermediate-signal-intensity layer, which is con- 
tinuous with the outer myometrium of the uterine 
corpus. In contrast to the zonal anatomy of the uterus, 
the MRI appearance of the cervical zonal anatomy does 
not appear to vary with the hormonal status of women. 
On Tl -weighted precontrast images, the zonal anatomy 
of the cervix usually is not apparent. After gadolinium 
administration, the endocervical mucosa enhances 
rapidly, whereas the stroma shows more gradual 
enhancement. The fibrous stroma enhances at a slower 
rate relative to the outer zone of smooth muscle. 

Parametrium 

The parametrium is located between the layers of the 
broad ligament adjacent to the lateral margins of the 
uterine corpus and cervix. It may serve as a pathway 



for local spread of disease, for example, tumor exten- 
sion of cervical carcinoma. The parametrium is com- 
posed largely of loose connective tissue and contains a 
high amount of blood and lymphatic vessels. It is there- 
fore usually of intermediate signal intensity on Tl- 
weighted sequences and iso- or hyperintense to fat on 
T2-weighted sequences. On contrast-enhanced images, 
intense enhancement of the parametrium is often noted. 

Menstrual Changes 

Endometrial thickness varies with the menstrual cycle 
and is thinnest at time of menstruation. The endome- 
trium increases in width rapidly during the proliferative 
phase and continues to increase more slowly during 
the secretory phase [22]. The thickness of the endome- 
trial stripe is reported to vary widely from 3 to 6 mm in 
the follicular phase to 5-1 3 mm during the secretory 
phase (fig. 14.5) [16, 23]. The junctional zone has been 
shown to be the site of uterine contractions, which 
may be sustained or transient (uterine peristalsis). 
Sustained contractions typical of pregnancy also occur 
in non-pregnant women and may mimic fibroids or 
adenomyosis [8, 9, 24, 25]. They may be differentiated 
by their tendency to appear or resolve over the course 
of the examination (fig. 14.6). Uterine peristalsis occurs 
continuously in women of childbearing age, and the 
direction of the peristaltic wave depends on the phase 
of the menstrual cycle. Peristalsis has been demon- 
strated with MRI using fast T2-weighted imaging as 
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Fig. 14.5 Physiological changes during menstrual cycle in a 32-year-old woman. Sagittal T2-weighted ETSE images at 
different phases of the menstrual cycle. A retroverted uterus with a small hypointense intramural leiomyoma (arrow, a) is apparent. 
During the follicular phase (day 5) (a), the hyperintense endometrial stripe is thin. During the secretory phase (day 18) (£>), the 
endometrial stripe widens considerably, and the endometrial complex and myometrium show increased signal intensity. 





Fig. 14.6 Uterine contraction. Sagittal T2-weighted ETSE images separated by 25min. The early image (a) shows a focal 
thickening of the junctional zone with slight mass effect on endometrial canal (arrow, a). After 25min (&), the contraction is no 
longer seen and the junctional zone appears normal (arrow, b). Also note the movement of the uterus with bladder (bl) filling 
during the time interval. 



CONGENITAL UTERINE ANOMALIES 



1439 




Fig. 14.7 Variable patterns of uterine enhancement. 

Sagittal Tl -weighted gadolinium-enhanced fat-suppressed gra- 
dient-echo image. Early enhancement of the inner myometrium 
may be observed during the menstrual phase. The endometrial 
stripe is thin and hypointense (small arrows). There is early 
enhancement of the junctional zone (arrows) relative to the 
outer myometrium. 



transient thickening that moves up or down the junc- 
tional zone, depending on menstrual cycle phase [24, 
25]. The outer layer of the myometrium is of intermedi- 
ate signal intensity on T2-weighted images; it increases 
in signal intensity in the midsecretory phase. During the 
menstrual cycle, the thickness of the myometrium 
increases slightly and is greatest during the secretory 
phase [23]. 

Uterine enhancement varies with the menstrual 
cycle. A very thin layer of the innermost myometrium 
enhances early during the proliferative phase. The 
entire junctional zone enhances early during menstrua- 
tion (fig. 14.7) [26]. The outer myometrium enhances 
slightly later, and the endometrium enhances in a 
delayed fashion [26, 27]. On delayed gadolinium- 
enhanced images, the zonal anatomy may be apparent 
with the same relative signal intensities as on T2- 
weighted images, although there is less contrast between 
zones. 

In postmenopausal women, the uterus is small with 
indistinct zonal anatomy. The signal intensity of the 
myometrium on T2-weighted sequences is decreased, 
and the junctional zone is not consistently visualized. 
On T2-weighted sequences, the endometrial stripe can 
be identified as a thin, hyperintense structure. A maximal 
endometrial thickness of 3 mm in women not receiving 
exogenous hormones and a thickness of 4-6 mm in 
women receiving hormonal replacement therapy has 
been reported [17]. 

With prolonged use of oral contraceptives, a 
decrease in uterine size may be seen, the endometrial 



thickness averages 2 mm, and no variation with the 
course of the menstrual cycle is seen. The junctional 
zone is less prominent, and the signal intensity of the 
myometrium on T2-weighted imaging is increased com- 
pared to women who do not use oral contraceptives 
[16, 24, 28]. 

Tamoxifen 

Tamoxifen is an orally administered nonsteroidal anties- 
trogen used as an adjuvant therapy in women with 
breast carcinoma. In addition to its antiestrogen effects 
on breast tissue, tamoxifen acts as a weak estrogen 
agonist on the postmenopausal endometrium of the 
uterus. A spectrum of endometrial abnormalities has 
been reported in patients receiving tamoxifen therapy, 
including proliferative changes, hyperplasia, polyps, and 
carcinoma [26, 29-31]. Postmenopausal women taking 
tamoxifen are more likely to develop fibroids or adeno- 
myosis, particularly the cystic variety [27, 32, 33]. 
Currently, no definitive screening guidelines for monitor- 
ing patients on tamoxifen therapy have been estab- 
lished, but a combination of endovaginal ultrasound and 
endometrial sampling is most frequently used [27]. The 
role of MRI in evaluating this group of patients is limited. 
In patients undergoing MR imaging, two different 
imaging patterns have been described: 1) a T2-weighted 
homogeneously hyperintense endometrium with a mean 
thickness of 0.5 mm, contrast material enhancement of 
the endometrial-myometrial interface, and a signal void 
within the lumen on gadolinium-enhanced images as 
well as 2) a T2-weighted heterogeneous, widened endo- 
metrium (mean thickness 1.8 cm) with enhancement of 
the endometrial-myometrial interface and a latticelike 
enhancement circumscribing well-defined cystic spaces 
on gadolinium-enhanced images (fig. 14.8). 



CONGENITAL UTERINE ANOMALIES 

Miillerian Duct Anomalies 

The prevalence of congenital mullerian duct anomalies 
(MDA) among women of reproductive age is approxi- 
mately 1%. These congenital uterine anomalies result 
from nondevelopment or nonfusion of the mullerian 
ducts. Anomalies are divided into classes with similar 
clinical features, prognoses, and treatment options (fig. 
14.9). Failure of the paired mullerian ducts to develop 
results in various degrees of uterine, cervical, and 
vaginal agenesis. Didelphys or bicornuate uteri result 
from absent or incomplete fusion of the uterine horns, 
respectively. If fusion does occur but is followed by 
absent or incomplete resorption of the septum between 
mullerian duct components, a septate uterus will result. 
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(a) 

Fig. 14.8 Tamoxifen-induced changes. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced fat-suppressed gradient-echo 
(b) images. The endometrial complex is markedly enlarged (arrows, a, b) and shows heterogeneous signal intensity. A latticelike 
pattern of enhancement is present. A benign polyp was found at histopathology. Bl, bladder. 



Because of the proximity of the mullerian and wolffian 
systems embryologically, MDAs are frequently associ- 
ated with urinary tract anomalies, particularly renal 
agenesis or ectopia. Many of these uterine abnormalities 
are entirely asymptomatic. It is estimated that reproduc- 
tive difficulties occur in 25% of women with MDAs 
compared to 10% of all women. MDAs do not cause 
primary infertility but are associated with recurrent mis- 
carriage, premature labor, dystocia, cervical incompe- 
tence, and intrauterine growth retardation. 

Role ofMRI 

Transvaginal ultrasound and hysterosalpingography 
(HSG) are widely used for imaging diagnosis; however, 
each has limitations in classifying patients with uterine 
anomalies. During HSG, only horns that communicate 
with the main endometrial cavity are opacified, and the 
external contour of the uterus cannot be evaluated. MRI 
is currently the imaging modality of choice. In patients 
undergoing MRI for suspected MDA, an additional 
sequence oriented coronal to the uterus should be per- 
formed to evaluate the fundal contour. Occasionally the 



anatomy is such that it is difficult to obtain this view, 
in which case a T2-weighted three-dimensional acquisi- 
tion may be acquired to be viewed in any plane. If not 
routinely performed, a large-field-of-view coronal image 
should be obtained to diagnose renal agenesis or 
ectopia, unless this was investigated before MRI by US 
or excretory urography [34, 35]. MR hysterosalpingog- 
raphy is at present still in an experimental state but 
might become a promising technique as an adjunct to 
conventional MR pelvic imaging in the future [36]. 

The treatment options for different uterine anoma- 
lies vary considerably, and accurate preoperative diag- 
nosis is essential for appropriate patient management. 

Described below is the widely used modified 
Buttram and Gibbons classification and corresponding 
MR imaging features [37, 38]. Despite the classification 
scheme, these anomalies represent a spectrum of 
disease, and complex anomalies may show characteris- 
tics of multiple classes. In the case of a complex 
anomaly, it is important to describe the individual com- 
ponents rather than placing it into the class it most 
resembles [38-40]. 
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{a) 



(b) 





(c) (d) 

Fig. 14.9 Uterine anomalies. Unicornuate uterus (a), bicornuate uterus (£>), septate uterus (c), uterus didelphys id). 



MRI Appearance 

Class I: Segmental Agenesis or Hypoplasia. 

These anomalies result from abnormal development of 
the mullerian ducts. This may occur as part of a con- 
genital syndrome or as a result of chromosomal defects 
(fig. 14.10). MR imaging reveals an absent or very small 
uterus, cervix, or vagina depending on the affected 
segment. Uterovaginal agenesis is typically best seen on 
sagittal T2-weighted sequences. The most common type 
of class I MDA is the combined form as seen in patients 



with Mayer-Rokitansky-Klister-Hauser syndrome. In 
patients with this syndrome, the presence of vaginal 
agenesis or hypoplasia with intact ovaries and fallopian 
tubes is accompanied by variable anomalies of the 
uterus, urinary tract, and skeletal system. Primary amen- 
orrhea is the leading symptom in these patients (fig. 
14.11) [41, 42]. 

Class II: Unicornuate Uterus. This anomaly is the 
result of nondevelopment or rudimentary development 
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Fig. 14.10 Gonadal dysgenesis. Sagittal T2-weighted spin- 
echo image in a patient with Turner syndrome. There is uterine 
hypoplasia (curved arrows) with a uterus-to-cervix ratio of 1:1. 
Vaginal hypoplasia (arrows) is also noted. Ovaries were not identi- 
fied. Bl, bladder; R, rectum. (Reprinted with permission from 
Reinhold C, Hricak H, Forstner R et al.: Primary amenorrhea: evalu- 
ation with MR imaging. Radiology 203(2): 383-390, 1997.) 





Fig. 14.11 Mayer-Rokitansky-Kuster-Hauser (MRKH) 

syndrome. Sagittal (a), coronal (c), and axial (b, d) T2-weighted 
ETSE images in a 16-year-old patient presenting with primary 
amenorrhea. There is vaginal and uterine agenesis, with no evi- 
dence of these structures on sagittal (a) or axial (c, d) images. 
Both ovaries (arrows, b and c) and kidneys (not shown) were 
present. Mayer-Rokitansky-Kuster-Hauser syndrome at 3T. 






Fig. 14.1 1 (Continued) Transverse T2-weighted ETSE images 
in a 21 -year-old patient show vaginal and uterine agenesis with 
only fat seen between the urethra and rectum. Both ovaries 
(arrows, g, h) are superiorly positioned but otherwise normal; 
note physiologic fluid in the pelvis (arrowheads, g). 
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(a) 

Fig. 14.12 Unicornuate uterus. Transverse T2-weighted ETSE (a) and fat-suppressed Tl-weighted gradient-echo (b) images. 
The uterus is elongated and extends toward the right with normal zonal anatomy. No rudimentary horn was seen. 



of one mullerian duct. MR imaging shows an elongated 
uterus with normal zonal anatomy, but the overall 
uterine volume is reduced (fig. 14.12). When there is 
incomplete development of the second mullerian duct, 
a rudimentary horn is seen that may or may not contain 
endometrium. If a rudimentary horn contains endome- 
trium, surgical removal is often indicated. T2-weighted 
short- and long-axis views, as well as parasagittal sec- 
tions, are used to image the rudimentary horn. The 
presence or absence of the hyperintense endometrial 
stripe, as well as its continuity with the main uterine 
cavity, can be accurately determined with MRI [34, 35, 
43]. Of all the MDAs, unicornuate uterus has the highest 
association with renal anomalies, most commonly 
agenesis. 

Class III: Uterus Didelphys. MR imaging shows 
two separate uteri and cervices, often widely separated. 
Although a septate vagina may be seen with any of the 
MDAs, it is most commonly associated with uterus 
didelphys (figs. 14.13 and 14.14). When transverse, the 
septum can obstruct the outflow of blood into the 
vagina and result in hematocolpometra. In these cases, 
MRI demonstrates a distended vagina and uterine horn 
whose contents follow the signal characteristics of blood 
on Tl- and T2 -weighted sequences [34, 35]. 

Class IV: Bicomuate Uterus. MR imaging reveals 
divergent uterine horns more than 4 cm apart divided 
by a muscular and fibrous septum. An indentation in 
the fundus of more than 1 cm in depth suggests bicor- 
nuate over septate uterus, and this is best seen on a 
true coronal image oriented to the uterus (fig. 14.15). 
The septum of a bicornuate uterus may terminate at the 



level of the internal os (uterus bicornuate unicollis) or 
extend down to the external os (uterus bicornuate bicol- 
lis). At times it may be difficult to differentiate a double 
cervix from a cervical septation at MRI. Although a 
bicornuate uterus infrequently requires surgery, a trans- 
abdominal approach is used to fuse the uterine horns 
in symptomatic patients [34, 35]. 

Class V: Septate Uterus. Failure of resorption of 
the final fibrous septum between the two mullerian 
ducts results in a septate uterus. This is the most 
common MDA and has a high association with infertil- 
ity. MR imaging shows a convex or minimally indented 
(<lcm) fundus, a fibrous septum, and normal distance 
between the uterine horns (2-4 cm) [35, 43]. To differ- 
entiate from a bicornuate uterus, it is helpful to obtain 
a true coronal (long axis) image oriented to the uterus 
(figs. 14.16 and 14.17). Until recently, laparoscopy was 
the only reliable method of differentiating these entities. 
Several studies have demonstrated the accuracy of MRI 
in diagnosing septate and bicornuate uteri [34, 35, 44]. 
Septate uteri have a convex, flat, or minimally indented 
fundal contour, whereas bicornuate uteri have a large 
fundal cleft [34]. Accurate distinction between septate 
and bicornuate uteri is important for proper patient 
management. Septate uteri are associated with a higher 
rate of reproductive failure, with two-thirds of pregnan- 
cies terminating in abortion. In contrast to bicornuate 
uteri, septate uteri are successfully treated with hystero- 
scopic excision of the septum and do not require 
abdominal surgery. 

Class VI: Arcuate Uterus. Considered a mild 
septate uterus in the original classification and a normal 
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Fig. 14.13 Uterus didelphys in two patients. Transverse T2-weighted ETSE images at the level of the uterine corpus (a) and 
vagina (b) and Tl -weighted spin-echo image of the upper abdomen (c). Complete uterine duplication with two separate, normal 
sized corpora (arrows, a) as well a double cervix can be seen with two hyperintense endocervical canals (small arrows, a). Two 
separate vaginas are present (arrows, b), as well as right renal agenesis (c). Transverse T2-weighted ETSE (d), Tl -weighted gradient 
echo (e), and gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo (/") images in a second patient. A double cervix is 
present, one seen in short axis (arrow, d-f) and one in long axis (arrowhead, d-f), and two divergent uteri are present. Normal 
zonal anatomy and enhancement are seen. 
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Fig. 14.14 Uterus didelphys with obstructing vaginal septum. Transverse T2-weighted ETSE (a),Tl-weighted gradient-echo 
(b), and gadolinium-enhanced Tl-weighted gradient-echo (c) images show two separate uteri (arrows, a) with distension of the 
right endometrial cavity and vagina by hyperintense material, consistent with hematocolpometra. The right kidney is absent (c). 



Fig. 14.15 Bicornuate uterus. T2-weighted ETSE long-axis 
view of the uterus demonstrates widely divergent uterine horns 
and a concave fundus (arrow). 






Fig. 14.16 Septate uterus, (a) T2-weighted ETSE long-axis 
view of the uterus demonstrates a hypointense septum extending 
into the cervix with a convex uterine fundus (arrowheads). 
(Courtesy of Claude Sirlin, M.D., University of California, San 
Diego). Septate uterus with cervical duplication at 3T. 
Oblique T2-weighted images in a different patient obtained 
coronal to the uterine body (b) and cervix (c) show a septate 
configuration of the fundus (arrowheads, b) and two separate 
cervices (arrow, b). The portio vaginalis of each cervix can be 
seen protruding into the vagina, distended with gel (arrowheads, 
c). Combined anomalies may not fit into a single class according 
to common classification schemes; in reporting such cases, all 
individual components should be described. 





Fig. 14.17 Septate uterus with pregnancy in right horn. Coronal (a) and transverse (b) ETSE images in a patient with a 
septate uterus and first-trimester pregnancy. A gestational sac is identified in the right horn of the uterus. Incidental note is made 
of multiple small leiomyomas in the left horn (a). 
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Fig. 14.18 Testicular feminization. Coronal T2-weighted SS-ETSE (a) and transverse (b) T2-weighted ETSE images in a patient 
with complete androgen insensitivity.The uterus is absent. Bilateral rounded structures (arrows, a, b) with no follicles are seen at 
the internal inguinal ring, representing testes. 



variant by some, an arcuate uterus has questionable 
impact on fertility. MR imaging shows a short, broad 
septum. 



tively identify the position of undescended testes (fig. 
14.18) [46]. 



Class VII: Diethylstilbesterol Exposure. Diethyl- 
stilbesterol (DES), a synthetic estrogen agent, was fre- 
quently used until the 1970s in pregnant women with 
vaginal bleeding in an attempt to prevent miscarriage. 
This category includes various anomalies associated 
with DES such as hypoplasia, T-shaped uterus, constric- 
tions, polypoid defects, synechiae, and marginal irregu- 
larities. These patients are also at risk for developing 
clear cell carcinoma of the vagina. On MR imaging, a 
T-shaped endometrium is best seen on oblique coronal 
images parallel to the endometrium, and constrictions 
are seen as focal thickening of the junctional zone. 
Hypoplasia of the cervix and uterine cavity is seen, 
whereas the normal zonal uterine anatomy is preserved. 
No increased incidence of urinary tract anomalies has 
been reported in patients with DES exposure [45]. 

Congenital Disorders 
of Sexual Differentiation 

Congenital disorders of sexual differentiation are divided 
into four categories: male and female pseudohermaph- 
roditism, mixed gonadal dysgenesis, and true hermaph- 
roditism. A multidisciplinary approach is usually required 
in these patients, including hormonal studies, karyotyp- 
ing, and anatomic information for accurate diagnosis 
and treatment. The excellent soft tissue differentiation 
and multiplanar imaging capability of MRI make it a 
useful noninvasive tool to determine the presence or 
absence of a uterus and vagina as well as to preopera- 



BENIGN DISEASE 

OF THE UTERINE CORPUS 

Endometrial Hyperplasia and 
Endometrial Polyps 

Endometrial hyperplasia is typically seen in postmeno- 
pausal women and presents with abnormal bleeding. 
Premenopausal women with polycystic ovary syndrome 
or women with estrogen-secreting tumors may also 
develop endometrial hyperplasia. 

Role of MRI 

Ultrasound is often used for initial imaging evaluation 
of the endometrium; however, the diagnosis of malig- 
nancy generally requires tissue sampling as the sono- 
graphic finding of endometrial thickening is nonspecific. 
MRI is helpful in patients with indeterminate ultrasound 
findings and unsuccessful biopsy due to distorted 
anatomy or cervical stenosis. 

MRI Appearance 

Endometrial hyperplasia usually appears as diffuse 
thickening of the endometrial stripe on T2-weighted 
images (fig. 14.19). The signal intensity of the endome- 
trial stripe is isointense or slightly hypointense to normal 
endometrium. These imaging characteristics, however, 
are nonspecific and may also be seen with endometrial 
carcinoma. Polyps of the endometrium are seen in 
about 10% of all uteri, typically in postmenopausal 
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Fig. 14.19 Endometrial hyperplasia and tunnel cluster. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced fat- 
suppressed Tl-weighted Qf) images show thickening of the endometrial stripe (arrowhead,a,&), which enhances less than myome- 
trium on postgadolinium images (&).Also note innumerable small cystic lesions lining the endocervical canal (arrow). Examination 
of the hysterectomy specimen revealed endometrial hyperplasia and tunnel cluster, a benign cervical glandular condition similar 
to nabothian cysts that may mimic minimum deviation adenocarcinoma (adenoma malignum) on gross and histologic inspection. 



patients. In many cases they are asymptomatic, but they 
may cause irregular or persistent bleeding. Malignant 
transformation into endometrial cancer is seen in less 
than 1% of cases [47, 48]. 

On T2-weighted images, endometrial polyps most 
frequently present as masses isointense or slightly 
hypointense relative to normal endometrium. At times, 
however, they may be entirely isointense and present 
as diffuse or focal thickening of the endometrial stripe. 
Large polyps result in distension of the endometrial 
cavity and often appear heterogeneous. Identification 
of a vascular stalk or cystic areas favors the diagnosis. 
On the basis of signal intensity, they can be distin- 
guished from submucosal leiomyomas by means of 
MRI, the latter typically appearing hypointense on T2- 
weighted sequences (fig. 14.20) [48]. Polyps show pro- 
nounced early enhancement on gadolinium-enhanced 
Tl-weighted sequences. This helps distinguish them 
from endometrial carcinoma, which typically shows 
only mild enhancement. However, it is important to 
realize that although MRI can help to distinguish most 
polyps from endometrial carcinoma on the basis of 
morphologic features, accuracy is not sufficient to 
obviate biopsy, partly because carcinomas and polyps 
frequently coexist [49]. 



Leiomyomas 

Leiomyomas (synonyms: fibroids, fibroleiomyoma) are 
benign neoplasm of smooth muscle cell origin and are 
the most common reproductive tract tumor. Leiomyomas 
are usually classified according to location: submucosal, 
intramural, subserosal, or cervical (figs. 14. 21-14. 24). 
Uncommonly, a leiomyoma may be situated in the 
broad ligament (fig. 14.25) or entirely detached from 
the uterus, parasitizing the blood supply from other 
vascular beds, usually the omentum [50]. Although leio- 
myomas are entirely asymptomatic, in most cases pre- 
senting as incidental findings, they may be associated 
with a variety of symptoms, usually abnormal bleeding. 
Other symptoms include pressure effects, infertility, 
second-trimester abortions, dystocia, or palpable pelvic- 
abdominal mass. Torsion, infection, and sarcomatous 
degeneration are rare complications. Pain is usually the 
result of acute degeneration, for example, in hemor- 
rhagic infarction of a leiomyoma during pregnancy or 
torsion of a pedunculated subserosal leiomyoma. 
Patients may also present with prolapse of a submuco- 
sal leiomyoma (fig. 14.26) [48, 51]. For patients with 
symptomatic leiomyomas, treatment options include 
medical therapy with gonadotropin-releasing hormone 
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(a) 





Fig. 14.20 Endometrial polyp. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced fat-suppressed Tl-weighted gradient- 
echo Qf) images show an endometrial mass (arrow, a, b). On T2-weighted images (a), hyperintense cystic spaces are seen within 
the polyp. On postgadolinium images (&), reticular enhancement outlines the cystic foci. Endometrial polyp at 3T. Sagittal T2- 
weighted ETSE (c) and axial single-shot ETSE (d) images in a different patient show an endometrial mass (arrow, c, d) with hyper- 
intense cystic spaces seen within the polyp. 
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Fig. 14.21 Classification of uterine leiomyomas. 





Fig. 14.22 Intramural leiomyoma, (a) Coronal T2-weighted fat-saturated ETSE image demonstrates a small sharply margin- 
ated, hypointense intramural leiomyoma (arrow). Intramural leiomyoma at 3T. Coronal T2-weighted fat-saturated ETSE image 
in a different patient (b) demonstrates a larger sharply marginated, hypointense intramural leiomyoma (arrows). 



(GnRH) analogs, surgical treatment with hysterectomy 
or myomectomy, or uterine artery embolization (UAE). 
As a percutaneous interventional technique, this proce- 
dure offers the advantages of avoidance of surgical 
risks, potential preservation of fertility, and shorter hos- 
pitalization [51, 52]. MRI-guided focused ultrasound is 
another treatment method gaining acceptance [53, 54]. 

Role ofMRI 

The role of imaging in evaluating patients with sus- 
pected leiomyomas includes lesion detection, character- 
ization, and localization. MRI is used in selected cases 
as a problem-solving modality, for example, to distin- 



guish between a pedunculated leiomyoma and a solid 
ovarian mass, to demonstrate the exact size and location 
of the lesion (i.e., subserosal, intramural, or submucosal 
origin) before uterine-sparing surgery, to distinguish 
leiomyomas from adenomyosis, or to visualize the 
endometrium in a patient with multiple leiomyomas and 
indeterminate ultrasound. MRI has been shown to be 
superior to ultrasound for the detection and localization 
of uterine leiomyomas and to be a useful adjunct for 
differentiating leiomyomas from other pathological 
conditions. Accurate preoperative localization of leio- 
myomas is of great importance in planning myomec- 
tomy because submucosal leiomyomas may be resected 
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Fig. 14.23 Subserosal leiomyoma. Sagittal T2-weighted 
ETSE image demonstrates a subserosal sharply marginated, 
hypointense lesion with a hyperintense rim (arrow). 



hysteroscopically, whereas laparoscopic or transabdom- 
inal myomectomy is required for intramural or subse- 
rosal leiomyomas. It can also demonstrate postprocedural 
complications such as hematoma, abscess, uterine 
rupture, and peritoneal inclusion cyst. 

MRI has also been used to aid patient selection for 
uterine artery embolization (UAE) and monitoring the 
result of embolization by demonstrating the degree of 
shrinkage and loss of enhancement of the leiomyomas 
[51, 56-58]. It has been shown that in this subpopulation 
of patients undergoing uterine arterial embolization, 
MRI is helpful. MRI characteristics of leiomyomas before 
embolization can help predict the success of the pro- 
cedure, and MRI can monitor outcome [51, 56-59]. It 
has been shown that leiomyomas that do not enhance 
respond poorly to UAE, presumably because they 
have already undergone infarction. MRI not only evalu- 
ates tissue enhancement characteristics before emboli- 
zation, but also delineates arterial supply [60, 61]. MRI 
also enables quantitative monitoring of GnRH analog 
therapy, documenting the change in size of individual 
leiomyomas. 

MRI Appearance 

Leiomyomas of the uterus have a typical appearance on 
MRI. They are depicted as sharply marginated lesions 
of low signal intensity not only on Tl- but also T2- 
weighted sequences. Dark signal on T2-weighted 




Fig. 14.24 Submucosal leiomyoma. Sagittal (a) and 
transverse Qf) T2-weighted ETSE images demonstrate multiple 
welldefined hypointense leiomyomas including a submucosal 
leiomyoma (arrows, a, b) that arises in the anterior uterine wall 
and deviates the endometrial canal. 



images permits differentiation from malignant tumors 
(figs. 14. 2 1-1 4. 27). The lesions are surrounded by a 
pseudocapsule of compressed neighboring tissue. A 
small hyperintense rim due to dilated lymphatic clefts, 
dilated veins, as well as slight edema surrounding the 
leiomyoma may be seen on T2- weighted imaging (fig. 
14.23). These histologic findings have been shown to 
correspond to perilesional rim enhancement on con- 
trast-enhanced images. In addition to standard sagittal 
and axial views, coronal or oblique views may be indi- 
cated for accurate localization and for establishing 
the myometrial origin of a lesion. The presence of a 
fat plane on Tl -weighted sequences may aid in differ- 
entiating a pedunculated leiomyoma from a solid 
adnexal mass. Most leiomyomas enhance similar to the 





Fig. 14.25 Broad ligament leiomyoma. Transverse T2- 
weighted ETSE (a) and gadolinium-enhanced fat-suppressed Tl- 
weighted gradient-echo (b) images show a right adnexal mass 
(arrowheads, a) that is hypointense on T2-weighted images (a) 
and enhances fairly homogeneously on postgadolinium images 
(b). The mass was resected and found to be a leiomyoma within 
the broad ligament. Broad ligament adenomyoma. Transverse 
T2-weighted ETSE (c), Tl -weighted gradient-echo without id) and 
with (e) fat suppression, and gadolinium-enhanced fat-suppressed 
Tl-weighted gradient-echo (/") images in another patient show a 
right adnexal mass (arrows, c, /) that is hypointense on T2- 
weighted images (c) and enhances fairly homogeneously on post- 
gadolinium images id). Note high-signal-intensity foci (arrowhead, 
d, e) on Tl-weighted images. The mass was removed and found 
to be an extrauterine adenomyoma within the broad ligament. 
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Fig. 14.25 (Continued) 






Fig. 14.26 Prolapsed submucosal leiomyoma. Sagittal T2-weighted (a) and gadolinium-enhanced fat-suppressed Tl -weighted 
(b) images show a large mass (m, a, b) arising from the uterine wall, anterior to the endometrial stripe (arrowheads, a). The mass 
extends through the cervix into the vagina. At surgery, the cervix was found to be dilated 10 cm to accommodate the leiomyoma. 
Note the nabothian cyst, which identifies the posterior aspect of the dilated cervix (arrow, a, b). 
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Fig. 14.27 Multiple uterine leiomyomas with gadolinium enhancement. Sagittal T2-weighted ETSE (a, b) and gadolinium- 
enhanced fat-suppressed Tl-weighted gradient-echo (c, d) images show multiple well-defined hypointense masses on T2-weighted 
images that enhance avidly with gadolinium. Enhancement of leiomyomas varies with the cellular components and degree of 
degeneration. 
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surrounding myometrium and remain well marginated 
(figs. 14.26 and 14.27). 

Leiomyomas may undergo degenerative changes 
resulting in various, nonspecific MR appearances, but 
predominantly presenting with inhomogeneous high 
signal intensity on T2-weighted sequences and a lack 
of contrast-enhancement on gadolinium-enhanced Tl- 
weighted sequences (fig. 14.28). In leiomyomas under- 
going hemorrhagic or red degeneration, hyperintense 
areas on Tl -weighted images are typically seen, and 
there is no enhancement (fig. 14.29) [51]. For patients 
undergoing UAE, MRI aids patient selection and moni- 
tors change in size of leiomyomas, which is variable 
(fig. 14.30). UAE results in hemorrhagic infarction and 
results in high signal on Tl -weighted images and lack 
of enhancement in successfully treated leiomyomas; 
evidence of poor enhancement before embolization is 
a predictor of poor outcome (fig. 14.31). Cellular leio- 
myomas are a subtype that demonstrates uniform high 
signal intensity on T2-weighted images because of their 
unique histologic composition. These leiomyomas typi- 
cally enhance homogeneously and respond well to 
embolization. In addition to demonstrating enhance- 
ment characteristics, MRI can evaluate arterial supply, 
which may predict or explain poor outcome of UAE. 
Leiomyomas may parasitize blood supply from other 
sources such as ovarian arteries, and response to UAE 
may be minimal (fig. 14.32). 

Secondary calcification occurs in about 4% of leio- 
myomas [62]. Although the demonstration of these char- 
acteristic calcifications is difficult by MRI within the 
hypointense lesion, this is irrelevant as the correct diag- 
nosis will be made by the characteristic appearance of 
leiomyomas [48]. 

Lipoleiomyoma is a rare, specific type of leiomyoma 
that contains a substantial amount of fat presenting on 
MRI with signal intensity characteristic of fat on all pulse 
sequences [62] (fig. 14.33). 

MRI can be useful in differentiating leiomyomas 
from other solid pelvic masses [55]. Establishing the 
myometrial origin of a mass by demonstrating splaying 
of the uterine serosa or myometrium usually allows a 
confident diagnosis of leiomyoma to be made. Signal 
characteristics will give additional information. If a mass 
is predominantly of low signal intensity relative to myo- 
metrium on T2- weighted images, the diagnosis of leio- 
myoma is probable. Signal characteristics of leiomyomas 
may be indistinguishable from those of ovarian fibroma 
and Brenner tumors of the ovary; however, differentia- 
tion is unlikely to be important for clinical management 
because these tumors are rarely malignant [55]. 

Submucosal leiomyomas may be differentiated from 
endometrial pathology such as endometrial polyps, 
hyperplasia, or endometrial carcinoma by confirmation 
of their myometrial origin and by their typical low signal 



intensity on T2-weighted images (fig. 14.24). However, 
leiomyomas may exhibit variable signal intensities, and 
overlap in signal characteristics between leiomyomas 
and endometrial pathologies has been described. In 
women undergoing myomectomy, the surgical bed may 
be seen as an area of moderately high signal intensity 
on both Tl- and T2-weighted sequences. These signal 
characteristics suggest the presence of a subacute hema- 
toma within the myometrium at the myomectomy site 
(fig. 14.34) [51]. 

Benign metastasizing leiomyoma is an unusual 
variant that consists of smooth muscle cell tumors in 
the lungs, lymph nodes, or abdomen that appear to 
have originated from a benign uterine leiomyoma 
usually removed many years earlier [62]. 

Malignant degeneration occurs in less than 1% 
of leiomyomas, and leiomyosarcomas also occur de 
novo. There are no MRI signal characteristics that reli- 
ably distinguish leiomyomas from leiomyosarcomas. 
Malignancy should be considered if a leiomyoma 
enlarges suddenly after menopause or demonstrates an 
irregular configuration with indistinct borders; however, 
the most suggestive finding is evidence of metastatic 
disease (figs. 14.35 and 14.36). 

Adenomyosis 

Uterine adenomyosis is a common disease that affects 
women of reproductive age. Symptoms may be similar 
to those of leiomyomata and include dysmenorrhea and 
menorrhagia. Adenomyosis is defined as the presence 
of aberrant endometrial stroma and glands within the 
myometrium. The ectopic endometrium consists almost 
exclusively of the basal layer and is not affected by 
hormonal stimulation, unlike the ectopic functional 
endometrium found in endometriosis. Adenomyosis is 
commonly associated with leiomyomas. Adenomyosis 
may be microscopic, focal, or diffuse. The term adeno- 
myoma is reserved for the focal, nodular form of adeno- 
myosis [48, 63-66]. 

Adenomyosis may be entirely asymptomatic or 
present with symptoms of pelvic pain, hypermenorrhea, 
and uterine enlargement. Symptoms typically manifest 
in the fourth to fifth decade, with a higher incidence 
in multiparous women. These symptoms and signs, 
however, are nonspecific and can be seen in other 
common gynecological disorders such as dysfunctional 
uterine bleeding, leiomyomas, and endometriosis. 
Physical examination demonstrates an enlarged uterus 
that is not as firm as a myomatous uterus. 

Role of MRI 

The findings of adenomyosis on endovaginal ultrasound 
are subtle, although correct diagnosis is sometimes 
established when ultrasound is performed meticulously 
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Fig. 14.28 Degenerated uterine leiomyoma. Sagittal T2-weighted ETSE (a) and contrast-enhanced Tl-weighted fat- 
suppressed gradient-echo (b) images show a large subserosal leiomyoma (arrowheads, a, b) arising from the anterior uterus that is 
high signal intensity on T2-weighted images and does not enhance with gadolinium. Note the smaller leiomyoma in the fundus 
(arrow, a, b), which shows typical low signal intensity on T2-weighted images and homogeneous enhancement with gadolinium. 
Uterine leiomyoma with degeneration at 3T. Sagittal T2-weighted ETSE (c) and contrast-enhanced Tl-weighted fat-suppressed 
gradient-echo id) images in a different patient show a large subserosal leiomyoma (arrowheads, c, d) arising from the anterior 
uterus that contains areas of high signal intensity on T2-weighted images that do not enhance with gadolinium. 





Fig. 14.29 Hemorrhagic degeneration in a leiomyoma. 

Transverse T2-weighted ETSE (a), fat-suppressed Tl -weighted 
gradient-echo (£>), and gadolinium-enhanced fat-suppressed Tl- 
weighted gradient-echo (c) images show multiple uterine fibroids, 
one of which exhibits hemorrhagic degeneration (arrow, a-c) 
with high signal intensity on Tl -weighted images (b) and lack 
of enhancement on postgadolinium images (c). Hemorrhagic 
degeneration in a leiomyoma at 3T. Transverse T2-weighted 
ETSE (d), Tl -weighted gradient-echo (e), and gadolinium-enhanced 
fat-suppressed Tl -weighted gradient-echo (/") images in another 
patient show multiple uterine fibroids, one of which exhibits 
hemorrhagic degeneration (arrows, d-f) with high signal intensity 
on Tl -weighted images (e) and lack of enhancement on postgado- 
linium images (/"). 
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Fig. 14.29 (Continued) 





Fig. 14.30 Leiomyomas before and after uterine artery embolization in two patients. Coronal T2-weighted ETSE images 
before (a) and after (b) uterine artery embolization (UAE) show a leiomyoma (arrowheads) in the posterior uterus that displaces 
the endometrial stripe (arrow). The leiomyoma is larger before UAE (a) and decreases in size after UAE (£>). Sagittal T2-weighted 
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Fig. 14.30 (Continued) ETSE images before (c) and after (d) UAE in a second patient show a large leiomyoma before UAE 
(arrow, c) that decreases in size dramatically after UAE (arrow, d). 





Fig. 14.31 Multiple uterine leiomyomas before and after uterine artery embolization. Coronal T2-weighted SS-ETSE 
(a, b) and gadolinium-enhanced fat-suppressed Tl-weighted gradient echo (c, d) and sagittal Tl-weighted gradient echo (e, /) 
images. Images are obtained before (a, c, e) and after (b, d, /) uterine artery embolization (UAE). The large fibroids that show 
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Fig. 14.31 (Continued) typical signal characteristics and diffuse enhancement before UAE (arrowheads, a, c, e) show decreased 
size and lack of enhancement after UAE (arrows, b,d,f). The fibroid with evidence of degeneration before UAE (arrow, a,c,e) shows 
enhancement after UAE (arrows b, d, /). e, Endometrium. Fibroids before embolization at 1.5 T and after embolization 
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Fig. 14.31 (Continued) at 3T. Sagittal T2-weighted ETSE (g, f) and gadolinium-enhanced fat-suppressed Tl-weighted gradient- 
echo (h,j) images before (g, h) and after (i,j) embolization in a different patient show expected infarction of the intramural fibroid 
(arrow) and persistent enhancement of the pedunculated submucosal fibroid (arrowheads), which was subsequently resected hys- 
teroscopically. The preembolization images were performed at 1.5T, using gel to distend the vaginal canal (v, g, h), whereas the 
postembolization images were performed without gel at 3 T. 
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Fig. 14.32 Unsuccessful uterine artery embolization due to recruitment of ovarian arteries. Coronal T2-weighted 
SSETSE (a), dynamic gadolinium-enhanced MRA in early (a) and late (b) arterial phases, and delayed gadolinium-enhanced fat- 
suppressed Tl -weighted gradient-echo id) images in a patient status post uterine artery embolization without relief of symptoms. 
Submucosal fibroids are seen that are hyperintense on T2-weighted images (arrow, a) and show marked enhancement on late arte- 
rial phase images (arrow, c). Enlarged ovarian arteries, right larger than left, are seen (arrowheads, a-d). 





Fig. 14.33 Lipoleiomyoma. Coronal T2-weighted ETSE image (a) and Tl-weighted gradient-echo images obtained in phase (£>), 
out of phase (c), and with fat suppression (d) show a round mass (arrow) arising from the uterus with signal characteristics that 
indicate intralesional fat: chemical shift artifact seen on out-of-phase images (c) and signal loss throughout the lesion on chemically 
selective fat-suppression images (d). Lipoleiomyoma at 3T. Transverse Tl-weighted gradient echo obtained in phase (e) and out of 
phase (/") in another patient show a round myometrial mass (arrows, e, /) with chemical-shift artifact seen on out-of-phase images. 
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Fig. 14.34 Postmyomectomy hematoma. Transverse T2-weighted ETSE (a) and fat-suppressed Tl -weighted gradient-echo 
(b) images. A well delineated mass of moderately high signal intensity (arrows, a, b) consistent with a hematoma is present in the 
surgical bed. Note the peripheral rim of higher signal intensity (small arrows, 6), which is typical of a subacute hematoma. E, 
Endometrium. 





Fig. 14.35 Low-grade leiomyosarcoma. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced fat-suppressed Tl-weighted 
gradient-echo (b) images show a large exophytic subserosal uterine mass (arrowheads) with areas of high signal intensity on T2- 
weighted images and heterogeneous enhancement that was found to be low-grade leiomyosarcoma. 
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Fig. 14.36 Metastatic leiomyosarcoma.Transverse (a) and sagittal (b) T2-weighted ETSE, and transverse gadolinium-enhanced 
fat-suppressed Tl -weighted gradient-echo (c, d) images show a heterogeneous mass (arrow, a, c) arising from the posterior uterine 
wall and a right lower lobe lung metastasis (arrow, d). 



by an experienced operator. The correct diagnosis is 
important because uterine-conserving therapy is possi- 
ble with leiomyomas, whereas hysterectomy is consid- 
ered the definitive treatment for debilitating adenomyosis 
[58]. MRI is an accurate means of diagnosis, with sen- 
sitivity and specificity ranging from 86% to 100% [65, 
66]. MRI is especially helpful in patients with adenom- 
yosis and leiomyomas. Ultrasound is difficult in these 
patients, and detection of associated adenomyosis may 
change management. 

MRI Appearance 

On MRI, adenomyosis is diagnosed on T2-weighted 
sequences. Pathologic thickening of the hypointense 



junctional zone of 12 mm or more is typical (fig. 14.37). 
The use of a lower threshold value is problematic 
because of the wide range of normal and transient 
causes of thickening such as myometrial contractions 
and diffuse physiological thickening related to menses. 
Although published data are limited, some investigators 
have reported normal junctional zone thickness in 
excess of 12 mm on days 1 and 2 of the menstrual cycle 
[66]. For this reason, caution should be used when 
making the diagnosis of adenomyosis based only on 
junctional zone thickness. On T2-weighted images, 
multiple spots of hyperintensity are frequently seen, 
most likely representing islands of ectopic endome- 
trium, cystically dilated endometrial glands, or hemor- 
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Fig. 14.37 Diffuse asymmetric adenomyosis. Coronal (a) and sagittal Qf) T2-weighted ETSE images show a markedly thick- 
ened junctional zone with greater involvement of the anterior uterus (arrows) and a small area of sparing in the posterior uterus 
where the junctional zone is nearly normal (arrowheads). Diffuse adenomyosis frequently has an asymmetric distribution. Note the 
punctate high signal foci throughout the lesion. 



rhagic fluid (fig. 14.38) [66]. Bright foci on Tl -weighted 
images are seen much less frequently and correspond 
to areas of hemorrhage (fig. 14.39). The exact mecha- 
nism of hemorrhage is unclear because adenomyosis 
involves only the basal, nonfunctional layer of the endo- 
metrium. When the degree of hemorrhage is extensive, 
cystic adenomyosis can result, presenting with well- 
circumscribed, cystic myometrial lesions with hemor- 
rhage in different stages of organization [66]. 

The diffuse form of adenomyosis affects the entire 
uterus (figs. 14.37 and 14.38), which may result in uterine 
enlargement. The focal form, the so-called adenomy- 
oma, is characterized by a thickening of the junctional 
zone with an indistinct outer margin (fig. 14.39). Contrast- 
enhanced sequences may show uniform enhancement 
similar to many leiomyomas [48, 66]. In some cases, the 
dilated center of the endometrial glands does not 
enhance, leading to a speckled appearance (fig. 14.38). 

An important differential diagnosis of focal adeno- 
myosis on MRI is leiomyoma. Although MRI is shown 
to be highly accurate in differentiating adenomyosis 
from leiomyomas, the imaging characteristics may 
overlap. Features favoring the diagnosis of adenomyosis 
include poorly defined borders, elliptical rather than 
round shape, minimal mass effect on the endometrium, 
and linear striations radiating out from endometrium 
into the myometrium [28, 67]. Myometrial contractions 
may also mimic adenomyosis but typically change 
during the examination (fig. 14.6). 



While hysterectomy is the only well-established 
definitive treatment for adenomyosis, there are reports 
of success with endometrial ablation, medical therapy 
with GnRH analogs, and UAE (fig. 14.40). Reports 
suggest that patients with adenomyosis experience 
improvement in symptoms after UAE [59]. However, 
long-term results are not well established, and there 
is evidence that symptoms may recur in many patients 
[63, 67]. 

BENIGN DISEASE OF THE CERVIX 

Nabothian Cysts 

Nabothian cysts result from mucous distention of endo- 
cervical glands or clefts. They can be the result of an 
inflammatory process or due to squamous metaplasia. 
The cysts are common and only rarely present with 
symptoms, thus usually not requiring treatment. They 
may, however, reach up to 4 cm in diameter and, when 
multiple, may result in marked enlargement of the 
cervix. 

On MRI, nabothian cysts are well depicted on T2- 
weighted sagittal and axial images. Nabothian cysts 
demonstrate variable signal intensity on Tl -weighted 
images and are hyperintense on T2-weighted images 
(fig. 14.41). They show no enhancement after contrast 
administration. Nabothian cysts are differentiated from 
cervical carcinoma by their well-defined margins and 
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Fig. 14.38 Diffuse adenomyosis: findings on T2- and Tl-weighted images. Sagittal (a) and transverse (b) T2-weighted ETSE, 
transverse fat-suppressed Tl-weighted gradient-echo (c), and transverse gadolinium-enhanced fat-suppressed Tl-weighted gradient- 
echo id) images show diffuse thickening of the junctional zone with numerous foci of hyperintense signal on T2-weighted images 
(a, b) and several foci of hyperintense signal on Tl-weighted images (arrowheads, c). Enhancement of adenomyosis is variable; 
however, nonenhancing foci (arrowheads, d) may be seen.Also note the small subserosal leiomyoma (arrow, a). 



very high signal intensity on T2-weighted images. 
However, deep nabothian cysts and other benign cervi- 
cal glandular conditions may have imaging and histo- 
logic findings that mimic malignancy. One of these 
benign conditions called tunnel cluster involves multi- 
cystic dilatation of endocervical glands (fig. 14.19) 
and may on occasion appear similar to adenoma malig- 
num (minimal deviation adenocarcinoma). A solid com- 
ponent within or around multiple cysts should raise 
suspicion for malignancy. Endocervical polyps are 
also benign cervical masses, and they are a common 
cause of abnormal bleeding. MR may show a cystic or 



solid polypoid mass in the endocervical canal or vagina 
[68, 691. 



MALIGNANT DISEASE OF THE 
UTERINE CORPUS AND CERVIX 

Endometrial Carcinoma 

Endometrial carcinoma is the most common malignancy 
of the female genital tract, primarily occurring in post- 
menopausal women. Postmenopausal bleeding often 
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Fig. 14.39 Focal adenomyosis and leiomyoma. Sagittal T2-weighted ETSE (a) and fat-suppressed Tl-weighted gradient-echo 
Qf) images show a hypointense masslike region in the uterine fundus (arrowheads) that is continuous with the junctional zone. 
The mass contains punctate foci that are hyperintense on T2-weighted images (white arrowy) and hypointense on gadolinium- 
enhanced images (black arrow, b). Also note that the mass effect on the endometrium is minimal given the size of the lesion, even 
less than that of the smaller leiomyoma (black arrow, a\ white arrow, £>). Adenomyomas are generally oblong rather than round 
and do not have the hyperintense rim on T2-weighted images that is often seen in leiomyomas (black arrow, a). Focal adenomyosis 
at 3T. Transverse (c) and coronal id) T2-weighted ETSE images in another patient show a hypointense masslike region in the 
posterior uterine wall (arrowheads) that is continuous with the junctional zone and contains punctate hyperintense foci character- 
istic of adenomyosis. 
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Fig. 14.40 Adenomyosis before and after uterine artery embolization. Sagittal T2-weighted ETSE images before (a) and 
9 months after (b) uterine artery embolization (UAE) show an adenomyoma (arrow, a) that decreases in size after UAE (arrow, b). 
There are reports of successful treatment of adenomyosis with UAE, although consistent long-term efficacy has not been established. 
(Courtesy of Claude Sirlin, M.D., University of California, San Diego). 



occurs early in the disease. Most patients present with 
stage I disease, which carries a good prognosis. 
Adenocarcinomas account for 80-90% of all endometrial 
carcinomas. The remainder consists of adenosquamous, 
papillary serous, and clear cell carcinomas. Papillary 
and clear cell subtypes tend to be more aggressive 
tumors and carry a worse prognosis; however, imaging 
cannot predict cell type. The FIGO classification is used 
for tumor staging (Table 14.1) [70]. In general, endome- 
trial carcinoma invades the myometrium but rarely 
extends through the serosa into the abdominal cavity. 
The cervix is involved at time of diagnosis in approxi- 
mately 10% of cases. Lymphatic and hematogenous 
spread occurs later in endometrial carcinoma than in 
cervical carcinoma, and there is a strong correlation 
between the depth of myometrial invasion and the pres- 
ence of positive lymph nodes. Superficial myometrial 
invasion (FIGO stage lb) is associated with lymph node 
metastases in 3% of cases, while deep myometrial inva- 
sion (FIGO stage Ic) is associated with lymph node 
metastases in 40% of patients. The extent of myometrial 
invasion is considered the factor most responsible for 
the extreme variation in the 5-year survival of patients 
with stage I disease: from 49-60% in the most invasive 
cases to 90-100% in cases with little or no myometrial 
involvement. Histologic grade (1-3) of the tumor is 
another important prognostic factor. Adenocarcinomas 
and adenosquamous carcinomas are graded based on 
histologic differentiation, while clear cell and papillary 
serous carcinomas, characterized by particularly aggres- 



sive behavior, are considered high grade by definition 
[71]. Prognosis depends on histological grade, extension 
into the cervical stroma, and depth of myometrial inva- 
sion, which independently predicts lymph node involve- 
ment, recurrence, and 5-year survival. 

Para-aortic lymphadenopathy may occur without 
involvement of pelvic lymph nodes if the tumor spreads 
via lymphatics accompanying the ovarian vessels. 
Hematogenous metastases occur in patients with dis- 
seminated disease and most frequently involve the 
lungs [48, 72]. Peritoneal spread may also occur and is 
most associated with papillary and clear cell subtypes. 

Role ofMRI 

MRI is the imaging modality of choice for preoperative 
staging of endometrial carcinoma proven by fractional 
abrasion. The presence of deep myometrial invasion 
correlates well with lymph node invasion [73] and is 
well evaluated with MRI [74]. The likelihood of myome- 
trial invasion increases with histologic tumor grade, 
which is used to select patients for lymphadenectomy 
and possible specialist referral. MRI used for preopera- 
tive assessment of the myometrium has been shown to 
improve patient selection for lymphadenectomy for all 
grades of tumor [75]. In addition, MRI is helpful for 
patients with an established or suspected diagnosis of 
endometrial cancer in cases of technically limited ultra- 
sound, difficult biopsy, clinically advanced disease, 
aggressive histologic subtypes, or adenocarcinoma on 
cervical biopsy that may be either endometrial or cervi- 
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Fig. 14.41 Nabothian cysts in two patients. Sagittal (a) 
and transverse (b) T2-weighted ETSE images show hyperintense 
round lesions consistent with nabothian cysts (arrow, a, b). In this 
patient, the cysts are small and clustered posterior to the endocer- 
vical canal (arrowhead, a, b). Sagittal T2-weighted ETSE image 
in a second patient (c) shows several 1-cm well-defined hyperin- 
tense nabothian cysts in the cervix (arrows, c). The uterus is 
retroverted. 



cal in origin. MRI also detects cervical stromal involve- 
ment, which is another important prognostic indicator. 
For patients with adenocarcinoma diagnosed by cervical 
biopsy, MRI helps differentiate between tumors of 
endometrial and cervical origin. 

MRI Appearance 

T2-weighted sequences depict the uterine zonal anatomy 
and are used to identify and stage endometrial carci- 
noma. In addition to standard sagittal and axial imaging 
planes, short-axis views of the uterine corpus are helpful 
for assessing myometrial invasion. Signal intensities of 



small endometrial tumors are similar to that of normal 
endometrium on T2-weighted sequences, limiting the 
ability of tumor delineation, while larger tumors result 
in the widening of the endometrial cavity. A disruption 
of the junctional zone by the hyperintense tumor is 
indicative of myometrial invasion. A problem, however, 
is that the junctional zone is not always visualized in 
postmenopausal women, making correct imaging inter- 
pretation difficult in these cases. Deep myometrial inva- 
sion is suggested by the presence of hyperintense tumor 
in the outer half of the myometrium. Intravenous admin- 
istration of gadolinium agents is helpful for MR staging 
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Table 


14.1 


Revised FIGO Staging of 


Endometrial Carcinoma with Corresponding 


MRI Findings 


Revised FIGO Staging^ 


Stage 


Carcinoma in situ 


Stage 1 


Tumor confined to corpus 




IA 


Tumor limited to endometrium 




IB 


Invasion <50% of myometrium 




IC 


Invasion >50% of myometrium 


Stage II 


Tumor invades cervix but does not extend beyond 




uterus 




MA 


Invasion of endocervix 




MB 


Cervical stromal invasion 


Stage III 


Tumor extends beyond uterus but not outside true 




pelvis 




IMA 


Invasion of serosa, adnexa, or positive 
peritoneal cytology 




1MB 


Invasion of vagina 




IMC 


Pelvic and/or para-aortic lymphadenopathy 


Stage IV 


Tumor extends outside of true pelvis of invades 




bladder or rectal mucosa 




IVA 


Invasion of bladder or rectal mcosa 




IVB 


Distant metastases (includes intraabdominal 
or inguinal lymphadenopathy) 


Corresponding MR Findings 2 


Stage 


Normal or thickened endometrial stripe 


Stage 1 


IA 


Thickened endometrial stripe with diffuse or 
focal abnormal signal intensity. 
Endometrial stripe may be normal. 

Intact junctional zone with smooth 
endometrial-myometrial interface 3 




IB 


Signal intensity of tumor extends into 
myometrium <50% 

Partial or full-thickness disruption of 
junctional zone with irregular 
endometrial-myometrial interface 




IC 


Signal intensity of tumor extends into 

myometrium >50% 
Full-thickness disruption of junctional zone 3 
Intact stripe of normal outer myometrium 


Stage II 


MA 


Internal os and endocervical canal are 

widened 
Low signal intensity of fibrous stroma 

remains intact 




MB 


Disruption of fibrous stroma 


Stage III 


IMA 


Disruption of continuity of outer myometrium 
Irregular uterine configuration 




1MB 


Segmental loss of hypointense vaginal wall 




IMC 


Regional lymph nodes >1.0cm in diameter 


Stage IV 


IVA 


Tumor signal disrupts normal tissue planes 
with loss of low signal intensity of bladder 
or rectal wall 




IVB 


Tumor masses in distant organs or 
anatomic sites 



1 All stages are further subdivided into three tumor grades (not shown). 

2 MRI findings seen on T2-weighted or contrast-enhanced T1 -weighted 

images. 

3 For patients with adenomyosis, criteria may not apply. 



of endometrial carcinoma, with the cancer demonstrat- 
ing less pronounced contrast-enhancement compared 
to the surrounding tissues. Most studies report that 
contrast-enhanced sequences further improve assess- 
ment of myometrial invasion, the differentiation of vital 
tumor from necrosis or fluid-accumulation, as well as 
the differentiation of tumor from debris or hematometra 
[48, 75, 76]. Leiomyomas and adenomyosis may also 
enhance less than normal myometrium, and correlation 
should be made between contrast-enhanced Tl- 
weighted images and T2-weighted images. These benign 
myometrial conditions are pitfalls that lead to less accu- 
rate staging both by MR imaging and by pathological 
assessment [31]. 

The MR appearance of noninvasive endometrial 
carcinoma (FIGO stage IA) is nonspecific. The uterus 
may appear entirely normal, or the endometrial carci- 
noma may present as a widening of the endometrial 
stripe in postmenopausal women. In some cases, a 
heterogeneous mass with areas of high and low signal 
intensity distending the endometrial cavity may be 
noted. Since these changes are also seen in endometrial 
hyperplasia, endometrial polyps, or coagulated blood, 
MRI has no role as a screening modality and histologic 
sampling is required to establish the diagnosis. After 
gadolinium administration, endometrial carcinoma 
typically enhances to a lesser extent than the adjacent 
myometrium. In patients with FIGO stage IA disease, 
the junctional zone will remain intact (fig. 14.42), while 
in patients with myometrial invasion (stages FIGO lb 
and Ic) segmental or complete disruption of the junc- 
tional zone by the tumor may be seen on T2-weighted 
sequences (Table 14.1; figs. 14.43 and 14.44). The 
accuracy of MRI in differentiating noninvasive from 
invasive endometrial carcinoma has been reported to 
range from 69% to 88% [76, 77]. Gadolinium-enhanced 
images improve accuracy, especially in postmenopausal 
women, in whom the junctional zone is often indistinct. 
Stage IA disease may involve the ectopic endometrial 
glands of adenomyosis without true myometrial inva- 
sion (fig. 14.45). Histologically, endometrial carcinoma 
involving adenomyosis is not considered invasive if 
endometrial stroma is seen between tumor cells and 
myometrium [66]. 

Tumor extension to the cervix indicates at least 
stage II disease (fig. 14.46). Superficial extension of 
endometrial carcinoma to the cervical mucosa (FIGO 
stage IIA) is best seen on sagittal T2-weighted images 
by direct tumor visualization and widening of the endo- 
cervical canal. Invasion of the cervical fibrous stroma 
(FIGO stage IIB) is diagnosed when hypointense cervi- 
cal stroma is disrupted by the hyperintense tumor 
mass. An angled short-axis view of the cervix is helpful 
to evaluate the fibrous stroma. The ovaries may be 
involved by contiguous spread or metastases. Secondary 
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Fig. 14.42 Endometrial carcinoma stage IA, multiple leiomyomas. Sagittal T2-weighted ETSE images (a, b) in a patient 
referred to MRI for staging of endometrial carcinoma proven by D&C. Clinically advanced tumor stage was suspected. MRI shows 
widening of the endometrial cavity due to heterogeneously hyperintense tumor. The junctional zone (arrows, a), however, was intact 
and thus stage IA was diagnosed. The large uterus found at clinical examination and prompting the suspicion of advanced tumor 
stage could be explained by multiple sharply delineated, hypointense leiomyomas (arrows, &.). Endometrial carcinoma stage IA 
at 3T. T2-weighted ETSE (c) and gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo id) images in an oblique plane 
axial to the uterine body in a different patient show asymmetric widening of the endometrial cavity on the right that is darker 
than normal endometrium on T2-weighted images and enhances less than normal endometrium on the delayed postgadolinium 
images (arrows, c, d). The junctional zone appears intact. Normal appearance of the adjacent endometrium is also seen (arrowheads, 
c, d). 
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Fig. 14.43 Endometrial carcinoma stage IB. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced fat-suppressed Tl- 
weighted gradient-echo (b) images show endometrial thickening and focal disruption of the inner myometrium posteriorly (arrow). 
The junctional zone is intact anteriorly (arrowheads, a). Gadolinium-enhanced images are particularly helpful if the junctional zone 
is indistinct, as it may be in postmenopausal women. 



involvement of the ovaries is suggested whenever a 
mass with indeterminate signal characteristics is noted 
within the ovary (figs. 14.46 and 14.47). Stage FIGO III 
and stage FIGO IV are characterized by tumor extension 
beyond the uterus (figs. 14. 46-1 4. 50). Stage IIIA may 
appear as full-thickness myometrial invasion with 
uterine contour changes or a suspicious ovarian mass. 
The ovaries may be involved either by contiguous 
spread or metastases and should be suspected if any 
indeterminate lesion is noted within the ovary. Invasion 
of the vagina indicates stage IIIB disease, and enlarged 
pelvic or paraaortic lymph nodes suggest stage IIIC 
disease. Stage IV disease is present if the tumor spreads 
to the bladder or rectal mucosa, or if there are distant 
metastases including involvement of abdominal or 
inguinal lymph nodes. Ascites may also be present in 
advanced disease. 

Lymph nodes are well seen on Tl -weighted images 
because of the good soft tissue contrast between low- to 
moderate-signal-intensity nodes and the high-signal- 
intensity surrounding fat. Assessment of metastatic 
lymphadenopathy in patients with endometrial and cer- 
vical carcinoma on MRI is based on the size of lymph 
nodes; however, size is not specific for metastatic 
involvement. Nodes with a size exceeding 1.0 cm short- 
axis diameter are considered pathologic [77]. The 
administration of lymph node-specific contrast agents 
(ultrasmall superparamagnetic iron oxide, USPIO) 
may potentially improve MR accuracy in lymph node 
staging [78]. 




Fig. 14.44 Endometrial carcinoma stage IC. Sagittal 
T2-weighted ETSE image shows endometrial carcinoma, which 
is isointense relative to endometrium, resulting in asymmetric 
widening of the endometrial.The junctional zone (arrows) can 
be delineated anteriorly, and the tumor invades the inner myo- 
metrium along the posterior aspect. 
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Fig. 14.45 Endometrial carcinoma stage IA with involvement of adenomyosis. Sagittal T2-weighted ETSE (a) and 
gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo (b) and short-axis uterus view T2-weighted ETSE (c) and gadolini- 
umenhanced fat-suppressed Tl -weighted gradient-echo (c) images show endometrial carcinoma expanding the endometrial canal 
(arrowhead). The junctional zone is largely intact; however, a focal masslike region is seen in the anterior fundus (arrow) that is 
hypointense on T2-weighted images (a, c) and enhances less than adjacent myometrium on postgadolinium images (b, d). 
Pathological evaluation revealed stage IA disease within the endometrial canal and within adenomyosis with no evidence of myo- 
metrial invasion. 



Uterine Sarcoma 

Uterine sarcomas are rare, constituting only 2-3% of all 
uterine malignancies. They encompass four histologic 
subtypes: carcinosarcomas, also called malignant mixed 
mullerian tumors (MMMT), leiomyosarcomas, endome- 
trial stromal sarcomas, and adenosarcomas. MMMT, 
containing both carcinomatous and sarcomatous fea- 
tures, is the most common subtype and is associated 
with prior radiation therapy in one-third of cases (figs. 
14.51 and 14.52). Leiomyosarcoma, the second most 
common subtype, was discussed previously and may 
occur from malignant degeneration of a benign leio- 



myoma or arise de novo (figs. 14.34 and 14.35). 
Endometrial stromal sarcoma is the third most common 
subtype (figs. 14.53 and 14.54). 

No specific staging system exists for uterine sarco- 
mas. Uterine sarcomas invade blood vessels, lymphat- 
ics, and contiguous pelvic structures once they have 
extended beyond the uterus. The lung is the most 
common site of distant metastases. MRI signal charac- 
teristics are not reliable in differentiating between the 
various sarcomas, and it is often difficult to distinguish 
uterine sarcoma from endometrial adenocarcinoma. 
MR features that favor sarcoma over endometrial carci- 
noma include large size, heterogeneous signal with 
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Fig. 14.46 Endometrial carcinoma with ovarian metas- 
tasis in a patient taking tamoxifen. Sagittal (a) and transverse 
(b) T2-weighted ETSE and transverse gadolinium-enhanced fat- 
suppressed Tl -weighted gradient-echo (c) images show a large 
mass expanding the endometrial canal (arrowheads) and a left 
ovarian mass (arrow, b, c). Also note widening of the cervical 
canal indicating extension of tumor into the cervix (arrow, a). 
Tamoxifen is associated with increased risk of endometrial 
carcinoma. 









Fig. 14.47 Endometrial carcinoma with right adnexal metastasis. Sagittal id) and transverse (b) T2-weighted ETSE and 
transverse gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo (c) images. There is a heterogeneous endometrial mass 
that invades the myometrium (arrow, a). A cystic right adnexal mass with an anterior solid nodule (arrows,&,c) is seen, consistent 
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Fig. 14.47 (Continued) with metastatic disease. Gadolinium 
enhancement allows distinction between enhancing endometrial 
cancer and nonenhnacing fluid in the endometrial canal. 





Fig. 14.48 Papillary serous carcinoma with parametrial 
extension. Sagittal (a) and transverse (b) T2-weighted ETSE 
and transverse gadolinium-enhanced fat-suppressed Tl -weighted 
gradient-echo (c) images show a large tumor (arrowheads) that 
replaces the uterus and extends beyond the uterine serosa (arrow, 
b, c). Papillary serous and clear cell endometrial carcinomas tend 
to be more aggressive than adenocarcinoma. 
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Fig. 14.49 Poorly-differentiated endometrioid adeno- 
carcinoma. Transverse T2-weighted ETSE (a) and transverse (b) 
and sagittal (c) gadolinium-enhanced fat-suppressed Tl -weighted 
gradient-echo images show a large heterogeneous mass (arrow- 
heads) with extrauterine extension. 






Fig. 14.50 Endometrial carcinoma, extensive disease. Sagittal (a, b) and transverse (c) T2-weighted ETSE and gadolinium- 
enhanced fat-suppressed SGE id) images show a large necrotic endometrial mass with invasion of the posterior wall of the urinary 
bladder (arrows, a-c) as well as extension to the left pelvic sidewall (arrow, d). This mass extends to the sigmoid colon and rectum 
(curved arrow, a). Liver metastases (not shown) were also identified. 
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Fig. 14.50 (Continued) 





Fig. 14.51 Uterine carcinosarcoma. Sagittal (a) and coronal (b) T2-weighted ETSE images in a patient with prior pelvic radia- 
tion therapy show a large, heterogeneous uterine tumor extending into the cervix (arrow, a). There is also evidence of bladder 
wall invasion (arrow, b). Uterine carcinosarcoma. Sagittal T2-weighted SS-ETSE (c), transverse T2-weighted ETSE (d), and 
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Fig. 14.51 (Continued) transverse (e) and coronal (/") gadolinium-enhanced fat-suppressed Tl-weighted gradient-echo images 
in a different patient show a heterogeneous uterine tumor (arrows, c-f) without evidence of deep myometrial invasion. Also note 
significant uterine prolapse, with the cervix located at the introitus (arrowheads, c). 



hemorrhage and necrosis, areas of marked delayed 
enhancement, and invasive or metastatic disease at the 
time of diagnoses [79]. MR cannot reliably differentiate 
leiomyosarcomas from benign leiomyomas or those 
pathologically characterized as smooth muscle tumors 
of uncertain malignant potential [80]. Features that 



raise concern are large tumor size in an older patient, 
rapid growth, and ill-defined margins [81, 82]. Other 
features of leiomyosarcomas include high signal on T2- 
weighted images in more than 50% of the tumor, high- 
signal foci on Tl-weighted images, and nonenhanced 
areas [80]. 
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Fig. 14.52 Recurrent uterine carcinosarcoma. Sagittal 
T2-weighted ETSE image demonstrates a soft tissue mass 
(arrow) at the superior aspect of the vaginal cuff. 




Fig. 14.53 Endometrial sarcoma. Sagittal T2-weighted 
ETSE image shows a large, heterogeneous uterine mass with 
indistinct borders. 



Fig. 14.54 Endometrial sarcoma. Sagittal (a) and transverse 
(b) T2-weighted ETSE and gadolinium-enhanced fat suppressed Tl- 
weighted (c) images demonstrate a large, heterogeneous uterine 
mass with indistinct borders, central necrosis, and peripheral 
enhancement. 
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Uterine Metastases 

Metastatic disease involving the uterus is uncommon. 
Involvement of the uterus by nonuterine primary cancer 
usually occurs by direct extension. Rarely hematoge- 
nous or lymphatic spread involves the uterus. The diag- 
nosis of uterine metastasis is considered in patients with 
known metastatic disease and diffuse uterine enlarge- 
ment [831. 



Cervical Carcinoma 

Invasive cervical carcinoma is the third most common 
malignancy of the female genital tract and is typically 
seen in younger women. The average age at diagnosis 
is 45 years. Early cytological detection of cervical 
intraepithelial neoplasia (ON), a precursor lesion of 
cervical carcinoma, with routine cervical Papanicolaou 
(Pap) smears has led to a significant reduction in mor- 
tality. Approximately 80% of new cases occur in devel- 
oping countries. Vaccines against oncogenic human 
papillomaviruses may reduce incidence further and 
could potentially lead to a significant decrease in cervi- 
cal cancer deaths throughout the world [84]. The Pap 
smear is most sensitive for squamous cell carcinomas, 
and where screening programs exist there has been a 
relative increase in adenocarcinomas, which carry an 
overall poorer prognosis. 

When symptomatic, abnormal bleeding is the most 
common symptom. Currently approximately 85% of all 
cervical carcinomas are squamous cell carcinomas. The 
remaining 15% are adenocarcinomas, adenosquamous 
carcinomas, undifferentiated carcinomas, and sarcomas. 
Indicators of a poor prognosis include tumor cell type, 
young age, advanced stage at presentation, lymphade- 
nopathy, tumor diameter larger than 4 cm, depth of 
stromal invasion greater than 5 mm, and lymp ho vascular 
invasion. 

Cervical carcinoma spreads by direct extension and 
lymphatics. Because of the upward migration of the 
squamocolumnar junction with age, exophytic growth 
is typical in younger patients, while endophytic growth 
is typical in older patients. The external iliac chain is 
the most common site of lymph node involvement, fol- 
lowed by obturator, common iliac, and internal iliac 
chains. Para-aortic lymph nodes are involved in approx- 
imately 45% of cases with tumor extension to the pelvic 
sidewall or lower vagina. As tumor extends to the lower 
vagina, inguinal lymph nodes may become involved. 
Hematogenous spread is rare and occurs only in the 
presence of advanced disease. The liver and lung are 
the most common sites of hematogenous metastases. 

Cervical carcinoma is staged clinically according 
to the FIGO staging system (Table 14.2) [70]. Correct 
preoperative assessment of tumor stage influences prog- 



Table 


14.2 


FIGO Staging of Cervical 


Carcinoma with Corresponding MRI Findings 


FIGO Staging' 




Stage 


Carcinoma in situ 


Stage 1 


Tumor confined to cervix (extension to corpus 




should be disregarded) 




IA 


Microinvasion 




IB 


Clinically invasive. Invasive component 
>5mm in depth and >7mm in horizontal 
spread 


Stage II 


Tumor extends beyond cervix but not to pelvic side 




wall or lower third of vagina 




MA 


Vaginal invasion (no parametrial invasion) 




MB 


Parametrial invasion 


Stage III 


Tumor extends to lower third of vagina or pelvic 




sidewall; ureter obstruction 




IMA 


Invasion of lower third of vagina (no pelvic 
sidewall extension) 




1MB 


Pelvic sidewall extension or ureteral 
obstruction 


Stage IV 


Tumor extends outside true pelvis of invades 




bladder or rectal mucosa 




IVA 


Invasion of bladder or rectal mucosa 




IVB 


Distant metastases 


Corresponding MRI findings 2 


Stage 


No tumor mass present 


Stage 1 


IA 


No tumor mass or localized widening of the 
endocervical canal with a small tumor 
mass 

Fibrous stroma intact and symmetric 




IB 


Partial or complete disruption of low-signal- 
intensity fibrous stroma 

Rim of intact cervical tissue surrounding 
tumor 


Stage II 


MA 


Segmental disruption of hypointense vaginal 
wall (upper two-thirds) 




MB 


Complete disruption of low signal intensity 
fibrous stroma with tumor signal extending 
into parametrium 


Stage III 


IMA 


Segmental disruption of hypointense vaginal 
wall (lower third) 




1MB 


Same findings as MB with tumor signal, most 
frequently extending to involve obturator 
internus, piriformis, or levator ani muscles 

Dilated ureter 


Stage IV 


IVA 


Tumor signal disrupts normal tissue planes 
with loss of low signal intensity of bladder 
or rectal wall 




IVB 


Tumor masses in distant organs or anatomic 
sites 



1 The presence of metastatic lymph nodes is not included in the FIGO 

classification. 

2 MRI findings seen on T2-weighted or contrast-enhanced T1 -weighted 

images. 



nosis and choice of treatment. Patients with FIGO stage 
la are usually treated with simple hysterectomy or fer- 
tility-preserving surgery such as trachelectomy [85], 
whereas patients with invasive carcinoma (FIGO stage 
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Fig. 14.55 FIGO stage I cervical carcinoma in a pregnant patient at 11 weeks of gestation. Transverse T2-weighted 
ETSE images (a, b). Although the cervical carcinoma itself is not clearly visualized, the hypointense cervical stroma is not disrupted 
and therefore parametrial invasion could be excluded. Trachelectomy was performed, and definitive treatment was delayed until 
delivery (arrow, a\ fetus). 



lb) or tumor extending to the upper vagina (FIGO stage 
Ha) are generally treated with radical hysterectomy and 
pelvic lymph node dissection. Patients with more 
advanced disease (stage IIB or beyond) are treated with 
radiation therapy. 

Despite well-known limitations of the FIGO staging 
system, clinical staging remains the standard that deter- 
mines treatment in patients with invasive cervical carci- 
noma [86]. Staging errors of clinical staging ranging 
from 17% to 32% for stage IB disease and from 39% to 
64% for stage II disease have been reported [87]. 
Furthermore, although the presence of lymphadeno- 
pathy, large tumor volume, and tumor extension to the 
uterine corpus have important prognostic and therapeu- 
tic implications, these factors are not evaluated in the 
FIGO staging system. 

Role ofMRI 

The role of imaging in preoperative assessment of cervi- 
cal carcinoma has steadily increased. Imaging is not 
used for detection of carcinoma, but for staging of 
cytologically proven disease. MRI surpasses CT in the 
local staging of cervical carcinoma, showing superior 
accuracy for assessment of depth of stromal and para- 
metrial invasion [88, 89]. A recent cost-effectiveness 
study demonstrated significant cost savings with MRI 
compared to traditional evaluation including tests such 
as cystoscopy, barium enema, and intravenous pyelog- 
raphy [86]. 

Currently MRI may not be indicated in all patients 
with cervical carcinoma. Patients with tumors larger 
than 2 cm in size or with tumors located entirely within 



the endocervical canal have been shown to benefit most 
from undergoing MRI evaluation [86]. Furthermore, MRI 
is particularly useful in patients with biopsy-proved 
adenocarcinoma or coexistent pelvic masses and in 
pregnant patients with cervical carcinoma (fig. 14.55). 

MRI Appearance 

On MRI, the T2-weighted sequence is the most impor- 
tant sequence for the staging of cervical disease, provid- 
ing optimal contrast between the tumor and the residual 
cervix. Axial and sagittal sequences are routinely per- 
formed. It was shown that additional oblique images, 
perpendicular to the cervical canal, further improve 
staging accuracy [7]. The tumor is of high signal inten- 
sity compared to the hypointense cervical stroma. Stage 
FIGO I disease is restricted to the cervix (figs. 14.55- 
14.57). Stage IA disease may not be visible, while stage 
IB disease is seen as a high-signal-intensity mass on 
T2-weighted images surrounded by a preserved hypoin- 
tense rim of cervical stroma (fig. 14.58). 

A tumor is classified as stage IIA when it invades 
the upper two-thirds of the vagina (figs. 14.59 and 
14.60) (see Table 14.2). On MRI, this is best assessed 
on sagittal T2-weighted images. Disruption of the low- 
signal-intensity vaginal wall or the presence of a thick- 
ened hyperintense vagina indicate tumor invasion. An 
important criterion for management is the presence or 
absence of parametrial invasion, which indicates FIGO 
stage lib disease. Parametrial extension is diagnosed 
with MRI when there is complete disruption of the 
cervical stroma, often associated with irregularity 
or stranding within the parametrial fat (fig. 14.61). A 
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Fig. 14.56 Stage I cervical carcinoma. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced fat-suppressed Tl-weighted 
gradient-echo Qf) images show a small endocervical mass (arrow) surrounded by intact fibrous stroma. The tumor is high signal 
intensity on T2-weighted images (a) and enhances less than myometrium on postgadolinium images (b). 
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Fig. 14.57 Cervical carcinoma stage IB. Sagittal (a,&) and oblique (c) T2-weighted ETSE images. On the sagittal image, 
oblique imaging plane perpendicular to the cervical canal is prescribed graphically (£>), resulting in a short-axis view of the cervix 
(c). A tumor (arrow, a) of intermediate signal is seen within the cervix. The tumor is entirely surrounded by normal hypointense 
cervical stroma (arrowheads, c), excluding parametrial invasion. A nabothian cyst (small arrow, a) is also seen within the cervix. 
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Fig. 14.57 (Continued) Cervical carcinoma stage IB at 3T. Sagittal id) and oblique axial (e) T2-weighted ETSE and oblique 
axial gadolinium-enhanced fat-suppressed Tl-weighted gradient-echo if) images in a different patient. The vaginal canal (v, d) is 
distended with gel. A tumor is seen of intermediate signal on T2-weighted images and hypointense to the surrounding cervical 
stroma after gadolinium (arrows, d, f). The tumor is not entirely surrounded by normal hypointense cervical stroma (arrowhead, 
e) but is contained within the cervix. Apparent disruption of the fibrous stromal ring is suggestive but not diagnostic of extracervi- 
cal invasion, whereas an intact fibrous ring essentially excludes parametrial invasion. 
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Fig. 14.58 Cervical carcinoma stage IIB. Transverse T2-weighted fat-suppressed ETSE images (a, b) show a large, heteroge- 
neously hyperintense cervical tumor. Normal hypointense cervical stroma is seen anteriorly (arrows, a, b) but is disrupted poste- 
riorly.The diagnosis of parametrial invasion was histologically confirmed. 




Fig. 14.59 Cervical carcinoma with vaginal exten- 
sion. Sagittal T2-weighted ETSE image shows hyperintense 
cervical carcinoma (arrow) with extension to the vagina. The 
tumor results in cervical stenosis with fluid retention within 
the uterus. Note that the fat planes between the cervix and the 
urinary bladder and between the cervix and the rectal wall 
are preserved (arrowheads), excluding bladder or rectal wall 
infiltration. 



completely intact ring of low-signal-intensity cervical 
stroma is highly accurate in excluding parametrial inva- 
sion (fig. 14.58). 

In FIGO stage Ilia disease, the tumor mass can be 
seen extending to the lower third of the vagina. This is 
best evaluated on sagittal T2-weighted images. Because 
of the lymphatic drainage of the distal vagina, enlarged 
inguinal nodes may be seen with distal vaginal invasion 
(fig. 14.62). 

Infiltration of the pelvic wall or obstruction of one 
or both ureters corresponds to stage Illb disease. A 
dilated ureter can be well delineated on the psoas 
muscle on axial fat-saturated T2-weighted images. Pelvic 
sidewall invasion is suggested when the normal low 
signal intensity of the levator ani, pyriformis, or obtura- 
tor internus muscle is disrupted on T2 -weighted images. 
Invasion of the urinary bladder or rectal wall (stage IVa) 
is suspected when the normally present fat planes 
between the organs are obliterated. Furthermore, a 
hyperintense disruption of the otherwise hypointense 
urinary bladder or rectal wall might be seen and a 
nodular wall thickening or intraluminal masses may be 
present (figs. 14.62 and 14.63) [48]. 

Lymph node metastases are not part of FIGO staging 
but do affect prognosis and treatment decisions. As in 
the case of endometrial carcinoma, accuracy for detect- 
ing lymph node metastases based on size is poor. Yang 
et al. showed that central necrosis of a lymph node is 
an accurate criterion to diagnose metastasis in a pelvic 
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Fig. 14.60 Cervical carcinoma with vaginal extension: use of vaginal gel. (a) Sagittal T2-weighted ETSE image shows a 
large cervical carcinoma with exophytic growth pattern in a 44-year-old woman. There is focal disruption of the low-signal vaginal 
wall in the posterior fornix (arrow). The anterior wall and the remainder of the posterior wall (arrowheads) are well delineated and 
intact. (Courtesy of Claude Sirlin, M.D., University of California, San Diego). Cervical carcinoma with vaginal extension at 3T. 
Sagittal T2-weighted ETSE image in a 42-year-old woman (£>) shows a cervical carcinoma with invasion of the anterior vaginal wall. 




Fig. 14.61 Cervical carcinoma with parametrial inva- 
sion. Oblique transverse T2-weighted ETSE image obtained 
perpendicular to the cervical canal (short-axis view) shows 
parametrial extension of tumor with disruption of the hypoin- 
tense ring of fibrous stroma (arrows). The short-axis view of 
the cervix minimizes partial volume effects and may improve 
staging accuracy. (Bl = bladder.) 




Fig. 14.62 Cervical carcinoma, extensive disease. 

Sagittal T2-weighted ETSE image shows hyperintense cervical 
carcinoma with extension to the vagina, labia majora (white 
arrows), and urinary bladder (black arrows). Fluid in the uterus 
is caused by cervical obstruction from the tumor. 
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Fig. 14.63 Cervical carcinoma with urinary bladder invasion (FIGO stage IV). (a) Sagittal T2-weighted ETSE image shows 
hyperintense cervical carcinoma with extension to the vagina (large arrow: tampon) and urinary bladder (curved arrow). Note that 
the fat plane between cervix and rectal wall is well seen (small arrows), excluding rectal invasion. Stage IV cervical carcinoma 
at 3T. Sagittal T2-weighted ETSE Qj) and transverse Tl -weighted gradient-echo (c) images show a large cervical mass (white arrow- 
heads, b) with abnormal thickening of the bladder wall (black arrowhead, b; white arrowhead, c). Stage IV disease was diagnosed 
based on the large femoral metastasis (arrow, c). 



node [90]. Others have reported that spiculated or tabu- 
lated shape is predictive of metastasis [91]. 

Contrast-enhanced images are also useful in cases 
of suspected invasion of the bladder or rectum or if the 
tumor volume is large and necrotic areas or fistulas are 
suspected, particularly in the postradiation setting (fig. 
14.64) [48, 92-94]. 

Cervical carcinoma may result in cervical outlet 
obstruction and, when high grade, hematometra or 
pyometra. On MRI, the uterine cavity is distended by 
material of variable signal intensity, depending on its 
composition, for example, retained secretions, blood, or 
tumor. Other causes of cervical stenosis include con- 
genital, inflammatory, neoplastic, or iatrogenic origins 
as well as the presence of endometrial carcinoma. 

Adenocarcinoma, Undifferentiated 
Carcinoma, and Sarcoma 

Adenocarcinomas, undifferentiated carcinomas, and sar- 
comas comprise 15% of cervical carcinomas and are 



associated with a worse prognosis. The relative incidence 
of adenocarcinoma is increasing because of the success 
of the screening programs, which are more sensitive for 
squamous cell carcinoma. Adenocarcinomas may be 
higher in signal intensity on T2 -weighted images with less 
enhancement on delayed gadolinium-enhanced Tl- 
weighted images; however, the MRI appearance overlaps 
with that of squamous cell carcinoma. Because up to 30% 
of cervical adenocarcinomas have endometrioid elements, 
pathological differentiation from endometrial carcinoma 
may be difficult [95]. In patients with adenocarcinoma 
diagnosed by cervical biopsy, MRI may reveal the origin 
and guide proper management. MR features that favor 
endometrial origin include endometrial thickening or dis- 
tension by a mass, invasion of the myometrium directly 
from endometrium, and the presence of a complex 
ovarian mass. If myometrial invasion is seen from the 
region of the cervix only, the origin is likely cervical (fig. 
14.65). However, some tumors have an intermediate 
appearance, and it is not possible to determine tumor 
origin based on MRI appearance. Adenosquamous carci- 
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Fig. 14.64 Large cervical cancer after radiation therapy with necrosis and bladder fistula. Transverse T2-weighted 
ETSE (a) and transverse gadolinium-enhanced fat-suppressed gradient-echo (b) images. The T2-weighted image (a) demonstrates a 
large mass in the cervix. After gadolinium enhancement (6), extensive necrosis secondary to radiation therapy and a fistula to the 
bladder (arrow, b) are seen. Bladder fistulae are usually best shown on postgadolinium images as a low-signal linear structure, 
reflecting lack of enhancement of the tract, often associated with increased enhancement of the tract wall. Cervical cancer after 
radiation therapy with necrosis and rectal fistula. Sagittal (c) and transverse (d) gadolinium-enhanced fat-suppressed gradient- 
echo images in a different patient show extensive necrosis secondary to radiation therapy and a large fistula to the rectum (arrows, 
c) as well as abundant stool in the distended vaginal vault (v, d) between the bladder and rectum. 



noma has a worse prognosis than either squamous cell 
carcinoma or adenocarcinoma [96]. Mullerian adenosar- 
coma is a rare low-grade malignancy that may occur in 
the endometrium or cervix. Adenosarcoma present as 
recurrent cervical polyps (fig. 14. 65^, J) [97]. 

Adenoma Malignum 

Adenoma malignum (also called minimal deviation 
adenocarcinoma) is a rare subtype of mucinous adeno- 
carcinoma, comprising about 3% of cervical adenocar- 
cinomas. There is an association with Peutz-Jeghers 



syndrome [68]. It carries a poor prognosis and classically 
presents with the nonspecific symptom of watery dis- 
charge. The MRI appearance of adenoma malignum has 
been described. A multicystic mass extends from the 
endocervix into the cervical stroma (fig. 14.66). The 
mass typically has solid enhancing components that 
help differentiate it from benign nabothian cysts, which 
may also appear as a multicystic mass (figs. 14.40 and 
14.41). It may not be possible to distinguish adenoma 
malignum from cervical hyperplasia, polyps, or other 
benign cystic lesions [68, 69, 95]. 




Fig. 14.65 Cervical adenocarcinoma. Sagittal T2-weighted 
ETSE (a) and gadolinium-enhanced fat-suppressed Tl -weighted 
gradient-echo (b) images in a 55-year-old woman show a large 
cervical mass with endophytic growth (arrowheads). MRI is 
helpful to determine whether biopsy-proven adenocarcinoma is 
endometrial or cervical in origin. Cervical adenocarcinoma at 
3T. Oblique axial T2-weighted ETSE (c) and gadolinium-enhanced 
fat-suppressed Tl -weighted gradient-echo id) images oriented 
to the cervix in another patient show a smaller cervical adenocar- 
cinoma (arrows, c, d) confined to the cervix. A portion of the 
retroflexed and angulated uterine body is also seen (u, c, d). 
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Fig. 14.65 (Continued) Mullerian adenosarcoma at 3 T. 

Sagittal T2-weighted ETSE (e) and gadolinium-enhanced fat- 
suppressed Tl -weighted gradient-echo (/") images in a third patient 
show a polypoid mass (arrows, e, /) projecting into the cervix, 
which is distended because of stenosis of the external os. 
Adenosarcoma is a rare low-grade malignancy that may present as 
cervical polyps and has a tendency for recurrence. 





Fig. 14.66 Adenoma malignum. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced fat-suppressed Tl -weighted gradient- 
echo (b) images in a 47-year-old woman with watery vaginal discharge. A multicystic mass extends from the endocervical glands to 
the deep cervical stroma (arrows). Note distension of the vaginal fornices with mucin produced by the tumor (arrowhead). (Courtesy 
of Kaori Togashi, M.D., Ph.D., Department of Nuclear Medicine and Diagnostic Imaging, Graduate School of Medicine, Kyoto 
University.) 
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Fig. 14.67 Cervical metastasis. Sagittal T2-weighted ETSE (a, b) and sagittal (c) and transverse (d) gadolinium-enhanced fat- 
suppressed Tl-weighted gradient-echo images in a patient with colon cancer show an irregular cervical mass (arrow, a, c, d) causing 
uterine obstruction with hematometra (arrowheads, b). 



Cervical Metastases 

The cervix and uterine corpus are both uncommon sites 
of metastatic disease and usually involved by direct 
extension from bladder or colorectal cancer (fig. 14.67). 
Rarely, hematogenous or lymphatic spread reaches the 
cervix. 



Recurrent Cervical Carcinoma and 
Posttreatment Change 

After treatment of cervical carcinoma, recurrent disease 
may occur in multiple locations. Most recurrence occurs 
within 2 years of treatment, frequently in the pelvis. 



Less commonly, liver, bone, or peritoneal recurrence 
is seen. Approximately 30% of women with invasive 
cervical carcinoma will die as the result of recurrent 
or persistent disease [98]. Recurrent disease may be 
detected by surveillance imaging studies or become 
symptomatic, causing swelling of the lower extremities 
due to lymphatic obstruction or pain due to nerve com- 
pression or ureteral obstruction. MRI and CT are com- 
parable for detection of distant recurrence; however, 
MRI is superior for detection of local recurrence in the 
pelvis (figs. 14.68 and 14.69). 

Patients who have undergone radiation therapy 
present a diagnostic challenge. It may be difficult to 
differentiate between radiation changes and tumor. MRI 
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Fig. 14.68 Recurrent cervical carcinoma. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced fat-suppressed Tl-weighted 
gradient-echo (£>) and transverse T2-weighted ETSE (c) and gadolinium-enhanced fat-suppressed Tl-weighted gradient-echo id) 
images show a right pelvic sidewall mass that is low signal intensity on T2-weighted images (arrow, a, c) and enhances on postg- 
adolinium images with central necrosis (arrow, b, d). 



was shown to be of value in this subpopulation of 
patients and to be superior to CT [99-103]. Irradiation 
of the uterus in premenopausal patients results in a 
decrease in the size of the uterus, thinning of the endo- 
metrium, decreased signal intensity of the myometrium, 
and loss of uterine zonal anatomy on T2-weighted 
sequences. These changes likely reflect a combination 
of direct radiation effects on the uterus and loss of hor- 
monal stimulation from ovarian function suppression. 

Recurrent tumor is hyperintense relative to muscle 
on T2-weighted imaging, whereas radiation fibrosis 
remains hypointense when imaged more than 12 
months after radiation therapy. During the initial 6-12 
months after treatment, areas of radiation fibrosis may 
demonstrate increased signal intensity on T2-weighted 



sequences because of associated inflammation, edema, 
and increased capillary vascularity. Both tumor recur- 
rence and radiation fibrosis demonstrate low signal 
intensity on Tl-weighted sequences; however, the pres- 
ence of an identifiable mass lesion favors recurrence 
[101, 102]. Increased enhancement of the cervix after 
gadolinium is nonspecific and can be observed in recur- 
rent tumor as well as postradiation fibrosis, inflamma- 
tion, and radiation necrosis [94]; however, early 
enhancement on dynamic imaging is considered more 
worrisome for tumor. Gadolinium-enhanced imaging is 
helpful in demonstrating parametrial and pelvic sidewall 
recurrence [100]. 

Radical trachelectomy is a fertility-conserving treat- 
ment for early-stage cervical cancer. Usually performed 




Fig. 14.69 Recurrent cervical carcinoma with invasion 
of the rectum and bladder. Sagittal (a) and transverse (b) 
T2-weighted ETSE and transverse gadolinium-enhanced fat- 
suppressed Tl -weighted gradient-echo (c) images show an ill- 
defined mass involving the vaginal cuff (arrow, a-c) with extension 
to the rectum (white arrowhead, a-c) and bladder (black arrow- 
head, a-c). 






Fig. 14.70 Normal postoperative appearance after trachelectomy. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced 
fat-suppressed Tl -weighted gradient-echo (b) images show the absence of the cervix after fertility-sparing surgery for cervical car- 
cinoma. The vaginal canal (v) was distended with gel. 
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transvaginally in association with laparoscopic lymph 
node resection, the procedure consists of resection of 
the cervix, formation of an end-to-end anastamosis 
between the uterine corpus and vagina, and placement 
of a cerclage suture [103]. The postoperative MR appear- 
ance has been described and reflects these anatomical 
changes [104] (fig. 14.70). In some cases, the appear- 
ance may mimic that of prior irradiation, resulting in a 
very small cervix, although in the case of trachelectomy 
prominent suture susceptibility artifact may be seen. 



CONCLUSION 

MRI has an established role in the investigation of the 
uterus and cervix. Detection and characterization of 
benign disease, such as leiomyomata and adenomyosis, 
is routinely performed at many centers. MRI is excellent 
for staging of malignancy, although the exact clinical 
role has not been universally established. 
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ADNEXA 



MICHELE A. BROWN, MIHAELA I. POP, SUSAN M. ASCHER, 
MOHAMED ELAZZAZI, AND RICHARD C. SEMELKA 



RI plays an increasingly important role in the 
evaluation of patients with adnexal disease. 
Accurate tissue characterization often allows definitive 
diagnosis not possible with other imaging modalities. 
MRI characteristics help predict the likelihood of malig- 
nancy in order to direct proper management and 
limit surgical intervention for benign disease [1, 2]. 
In women who are of childbearing age or pregnant, 
MRI provides detailed evaluation of adnexal disease 
without ionizing radiation or other harmful effects 
on the fetus [3]. This chapter describes the MRI appear- 
ance of a variety of benign and malignant adnexal 
diseases. 



MRI TECHNIQUE 

Bowel peristalsis can cause significant degradation of 
images in the pelvis. To reduce this artifact, patients 
should fast for 4-6 hours before scanning, or an anti- 
peristaltic drug such as glucagon may be used. A dose 
of lmg given intramuscularly 15-30min before the 
examination is effective. To reduce the presence of 



flow-related artifacts, saturation pulses can be placed 
above and below the volume of interest. In addition, 
having the patient void before imaging improves comfort 
and decreases motion artifact. 

A phased-array coil should be used routinely. 
Phased-array coils improve signal-to-noise ratio in the 
center of the body compared to conventional body coils 
[4-6]. Because of near field sensitivity of the coil, fat 
beneath the coil is bright in signal intensity and motion- 
related ghost artifact may be a problem [7]. A variety of 
techniques have been described to moderate this effect 
[8, 91. It is helpful to place a saturation band over the 
anterior body wall for non-fat-suppressed sagittal images 
and use an anterioposterior frequency-encoding direc- 
tion for axial images. 

Standard sequences used for the adnexa include 
transverse Tl -weighted spoiled gradient-echo, trans- 
verse Tl -weighted gradient-echo with fat suppression, 
transverse echo-train spin-echo, T2 -weighted, sagittal or 
coronal breath-hold or single-shot echo-train spin-echo, 
and postgadolinium gradient-echo with fat suppression. 
Sequential fast 3D gradient-echo sequences are used for 
dynamic postgadolinium imaging. 
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Imaging at 3 T 

There has been increasing use of 3 T systems to image 
the female pelvis, including the ovaries [10]. The techni- 
cal challenges and potential solutions are similar to 
those encountered when imaging the uterus, as dis- 
cussed in Chapter 14. Please refer to that discussion for 
more detail regarding optimization of 3 T imaging tech- 
niques for female pelvic imaging. 

NORMAL ANATOMY 

From the Latin adnectere (to bind to), adnexa are acces- 
sory or adjoining anatomic parts. In the female pelvis, 
the adnexa are the appendages of the uterus: the 
ovaries, the fallopian tubes, and the ligaments that 
support the uterus. 

Ovary 

During the first year of life, the ovaries migrate into the 
true pelvis to lie within the ovarian fossa, a depression 
within the pelvic sidewall. The ovarian fossa is defined 
by the external iliac vessels anteriorly and the ureter 
and internal iliac vessels posteriorly. Although this is 
the typical location of the ovaries, there is some vari- 
ability based on multiparity, the size of the bladder and 
uterus, and prior surgery. The ovaries are held in posi- 
tion by the ovarian suspensory ligament (or infundibu- 
lopelvic ligament) superiorly and medially, by the broad 
ligament (proper ovarian ligament) inferiorly and ante- 
riorly, and by the mesovarium anteriorly. In general, 
the ovaries are lateral to the uterus and inferior to the 
fallopian tubes. 

The blood supply of the ovaries is derived from the 
ovarian artery and the ovarian branch of the uterine 
artery. These anastomose to form an arcade of approxi- 
mately 10 arterial branches that penetrate the ovary. The 
ovarian artery and vein pass through the ovarian sus- 
pensory ligament. The venous drainage of the ovaries 
differs slightly between left and right, with the left 
ovarian vein draining into the left renal vein and the 
right ovarian vein draining directly into the IVC near the 
right renal vein. The lymphatic drainage of the ovaries 
follows the venous drainage into para-aortic nodes. 

Ovarian size varies with age; in the neonate, ovaries 
measure approximately 1.5 x 2.5 x 3mm [11]. In the 
premenopausal female, ovarian volume is 5-8 g, with 
increases during ovulation and pregnancy. A decrease 
in size begins at age 30, and after menopause ovarian 
atrophy is more pronounced [12]. The use of hormonal 
replacement therapy may affect the rate of atrophy. 

Histologically, the ovary is divided into medullary 
(central) and cortical (peripheral) regions. The medulla 
contains the stromal cells, lymphatics, blood vessels, 



and nerves. The cortex is composed of follicles differing 
in their stage of maturation; the number of follicles is 
greatest at birth and progressively declines, disappear- 
ing after menopause [11]. During the reproductive years, 
one graafian follicle matures each month, releasing an 
ovum and becoming a corpus luteum. In the absence of 
pregnancy, the corpus luteum degenerates into a corpus 
albicans and eventually completely involutes. Oral con- 
traceptives interfere with this process, suppressing 
graafian follicle maturation and ovum release. 

In a study of MRI features of the ovary [13], two 
patterns of ovarian anatomy were seen with T2-weighted 
images. The first is a lower-signal-intensity cortex and 
stroma with higher signal in the medulla; this pattern is 
more prevalent in premenopausal subjects (fig. 15.1). 
The second pattern is a more homogeneous low signal 
of the cortex and medulla. This pattern is more common 
in postmenopausal women. On Tl-weighted images, 
the ovaries have signal intensity homogeneously isoin- 
tense to the myometrium. After the administration of 
gadolinium, ovarian enhancement differs with hormonal 
status. In premenopausal women, ovarian enhancement 
tends to be less than the enhancement of the myome- 
trium, while in postmenopausal women enhancement 
is equivalent [14]. 

Transposed ovaries have imaging patterns similar 
to normal ovaries (fig. 15.2). 

Functional cysts have very high signal on T2- 
weighted images and are of low to intermediate signal 
on Tl-weighted images. These include follicular, corpus 
luteal, and corpus albicans cysts. Cysts are common in 
ovaries regardless of age and hormonal status. In one 
series of asymptomatic postmenopausal women, 17% 
had at least one cyst [151 Cyst walls are generally of 
decreased signal intensity on T2-weighted images; wall 
enhancement after gadolinium is variable (fig. 15.3). 
Corpus luteal cysts have thick and often irregular walls, 
which enhance early and intensely after contrast (fig. 
15.4) [16]. Corpus luteal cysts may also contain protein- 
aceous material or blood, altering their Tl- and T2- 
weighted signal characteristics (fig. 15.5). 

Fallopian Tubes 

The fallopian tubes form from the unfused proximal 
portions of the mullerian ducts during the third phase 
of mullerian development [17]. They are encased within 
the superior portion of the broad ligament and assume 
a relatively horizontal orientation during the migration 
of the ovaries. The normal tube is approximately 10 cm 
in length and has a 1- to 4-mm luminal diameter [18]. 
Four segments are recognized (medial to lateral): inter- 
stitial portion, isthmus, ampulla, and infundibulum or 
fimbriated end. The wall of the fallopian tube is complex, 
consisting of longitudinal folds and mucosal rugae 
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Fig. 15.1 Normal ovaries. Transverse T2-weighted ETSE images demonstrate normal ovaries (arrows, a, b) with multiple small 
hyperintense follicles. Normal ovaries at 3 T. Transverse T2-weighted ETSE images demonstrate normal ovaries (arrows, a, b) 
with multiple small, hyperintense follicles. 





Fig. 15.2 Transposed right ovary. T2-weighted ETSE (a) and Tl -weighted gradient-echo (b) images of a transposed 
normal right ovary (arrows, a, b) in a woman with cervical cancer treated with radiation therapy. Transposed ovaries with 
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Fig. 15.2 (Continued) physiological cyst on the right. Coronal T2-weighted SS-ETSE (c) and gadolinium-enhanced fat- 
suppressed Tl -weighted gradient-echo id) images show transposed ovaries in a different patient with cervical carcinoma. There is 
a physiological cyst in the right ovary (arrows, c, d). A portion of the normal left ovary is also seen (arrowheads, c, d). 





Fig. 15.3 Normal ovary with a functional cyst. Transverse (a) and coronal (b) 512-resolution T2-weighted ETSE,T1 -weighted 
gradient-echo (c), and transverse gadolinium-enhanced Tl -weighted fat-suppressed gradient-echo (d) images in a woman with 
normal ovaries. The high-resolution T2-weighted images (a, b) show follicles within the right ovary (arrow, a) and a cyst within 
the left ovary (arrowhead, b). The cortex containing the follicles is lower in signal intensity than the medulla. On the unenhanced 
Tl -weighted image, the ovarian stroma is isointense to the uterus, with the follicles and functional cyst being lower in signal inten- 
sity (arrowheads, c). After contrast, the ovarian parenchyma enhances, including the rims of the follicles (long arrow, d) and cyst 
(short arrow, d). Simple functional cysts are low to intermediate in signal intensity on Tl-weighted images and high in signal inten- 
sity on T2-weighted images and have variable thin mural enhancement after contrast administration. 
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Fig. 15.4 Corpus luteal cyst. Transverse gadolinium-enhanced fat-suppressed Tl-weighted gradient-echo images obtained in 
late arterial phase show an intensely enhancing, irregularly shaped cyst (arrow, a, b). Intense early enhancement and thick, irregular 
walls are characteristics of corpus luteal cysts on MR images. 





Fig. 15.5 Hemorrhagic cyst in a patient with endometrial carcinoma. T2-weighted fat-suppressed ETSE (a) and Tl- 
weighted fat-suppressed gradient-echo (b) images. Hemorrhagic cysts can mimic endometriomas with high signal intensity on Tl- 
weighted images (arrow, b) and heterogeneous high signal intensity on T2-weighted images (arrow, a). Note the endometrial 
thickening due to endometrial carcinoma with focal thinning of the junctional zone (open arrows, a, b). 



whose size and number increase from medial to lateral. 
The mucosal surface contains ciliated cells that aid in 
the passage of the ovum to the uterine cavity. The 
normal fallopian tube is not routinely seen with MR 
imaging. 



CONGENITAL ABNORMALITIES 

Congenital abnormalities of the ovaries include com- 
plete and mixed gonadal dysgenesis as well as true and 
pseudohermaphroditism. MRI is very important in dem- 
onstrating the internal reproductive organs and can 



identify the presence of normal ovaries, streak gonads, 
or ovotestes [19, 20]. Gonadoblastoma, a neoplasm 
occurring in up to one-third of patients with mixed 
gonadal dysgenesis, can also be detected [19, 21]. 

The Buttram classification of mullerian duct defects 
includes tubal disorders. Class I anomalies include 
fallopian tube agenesis, which is a bilateral condition 
[18]. Class II anomalies include unicornuate uterus, 
which may be associated with one aplastic tube. 
Diethylstilbestrol-related anomalies may involve short- 
ened, convoluted tubes with withered fimbria, narrow 
fimbrial openings, and bandlike constrictions in the 
intramural portion of the tube [22]. 
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BENIGN DISEASE OF THE ADNEXA 

Benign adnexal disease consists of neoplastic and non- 
neoplastic processes. Benign neoplastic disease primar- 
ily involves ovarian tumors, as benign fallopian tube 
tumors are exceedingly rare. Nonneoplastic disease 
such as infection and endometriosis may affect the fal- 
lopian tubes as well as the ovaries. Specific benign 
masses such as endometriomas and mature cystic tera- 
tomas demonstrate specific MRI features that, when 
present, allow confident diagnosis. MRI may also predict 
the likelihood of malignancy in an adnexal mass with 
several MRI criteria that have been described; these are 
discussed in greater detail in the following section on 
malignant disease. It is important to appreciate that 
overlap exists between the MRI appearance of benign 
and malignant ovarian masses, and proper management 
of nonspecific masses may include serial imaging and 
often resection. 

Nonneoplastic Disease 

Functional Ovarian Cysts 

When uncomplicated, functional cysts are not a 
diagnostic dilemma. However, when complicated by 
hemorrhage, differentiation from endometriomas and 
neoplasm may be difficult. Resolution of a cyst on serial 
imaging easily classifies it as functional. On a single 
study, certain features aid differentiation. Papillary pro- 
jections are an important feature of neoplastic cysts 
(fig. 15.6) not present in functional cysts (fig. 15.7) [23]. 
Endometriomas generally have profound Tl -shortening 
that causes high signal on Tl -weighted images and T2 
shortening that causes low signal on T2-weighted 
images [24]. Low signal on T2 -weighted images (shading) 
is a feature of endometrioma that is reported to be 
unusual in corpus luteal cysts. In the absence of multi- 
plicity or T2 shading, the distinction is often difficult 
and follow-up imaging may be helpful. 

Theca-Lutein Cysts 

Elevated circulating levels of human chorionic gonado- 
tropin ((3-hCG), usually seen in women with gestational 
trophoblastic disease, cause gross enlargement of the 
ovaries due to the presence of multiple theca-lutein 
cysts. Of women with gestational trophoblastic disease, 
up to 46% are found to have theca-lutein cysts [25]. 
Numerous cysts, often multilocular and measuring up 
to 4 cm, may be seen. The ovaries are generally between 
6 and 12 cm but may enlarge to upwards of 20cm [25]. 
While usually asymptomatic, women may present with 
pain if there is cyst rupture or hemorrhage or if the 
ovary torses. 

On MRI, theca-lutein cysts have a variable appear- 
ance with low to high signal on Tl- and high signal on 



T2-weighted sequences [26, 27]. If there is an associated 
hypervascular endometrial mass, gestational trophoblas- 
tic disease is likely (fig. 15.8). Women undergoing ovu- 
lation induction for infertility may have a similar ovarian 
response. Accompanying simple or hemorrhagic ascites 
may indicate ovarian hyperstimulation syndrome given 
the appropriate clinical scenario. In these cases, an 
intrauterine or ectopic gestation may also be evident 
(fig. 15.9). 

Paraovarian and Peritoneal Cysts 

Almost any sort of benign or malignant ovarian cyst can 
arise adjacent to the ovary within the broad ligament 
or parovarium, and collectively these cysts are termed 
paraovarian cysts [12]. They may account for 10-20% 
of adnexal masses, based on surgical reports [28]. A 
common subset of these cysts is hydatid cysts of 
Morgagni that arise from mullerian duct remnants. 
These occur at the fimbriated end of the fallopian tube 
and are generally asymptomatic. Large cysts may 
undergo torsion or develop hemorrhage. On MRI, 
uncomplicated paraovarian cysts have signal character- 
istics of simple fluid. Multiplicity and bilaterality have 
been reported. Paraovarian cysts are round or ovoid 
and may be indistinguishable from ovarian cysts unless 
a normal ipsilateral ovary is identified separate from the 
cystic lesion. 

Peritoneal inclusion cysts or peritoneal pseudocysts 
require two conditions for formation: an ipsilateral func- 
tioning ovary and adhesions. Most often seen in women 
with prior abdominopelvic surgery or endometriosis, 
these are pseudocysts that lack true walls. Because they 
are fluid collections contained by mesothelium-lined 
adhesions, they conform to the surrounding structures 
and are often triangular or irregular in shape, rather 
than round. This distinguishing feature is well shown 
by MRI, and in one series MRI was more useful than 
CT or US in their diagnosis [29]. Inclusion cysts can also 
mimic other adnexal cysts [30]. If left untreated, they 
tend to grow because of continued accumulation of 
fluid (fig. 15.10). 

Endometriosis 

Endometriosis is a generally benign entity that affects 
women in their reproductive years. It may be an inci- 
dental finding or may present with pain or infertility. 
Malignant transformation occurs in less than 1% of 
cases, most commonly to endometrioid carcinoma, clear 
cell carcinoma, and carcinosarcoma [12, 31]. Enlargement 
of an endometrioma during pregnancy may be the 
result of changes in the hormonal milieu and does not 
necessarily indicate malignant transformation [32]. By 
strict pathological criteria, ectopic endometrial glands 
with surrounding endometrial stroma must be found; 
however, repeated hemorrhage often causes oblitera- 
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Fig. 15.6 Normal right ovary and left ovarian serous cyst- 
adenocarcinoma. T2-weighted ETSE (a), Tl -weighted SE (£>), and 
gadolinium-enhanced Tl -weighted fat-suppressed gradient-echo (c) 
images in a 40-year-old woman with a left adnexal mass. The normal 
right ovary (arrows, a-c) contains several follicles that have enhanc- 
ing rims after contrast. Note that the ovarian stroma enhances less 
than adjacent myometrium. In contrast, the left ovary has been 
replaced by a primarily cystic mass. Apparent thickening of the 
wall of the cyst (arrowheads, a) is confirmed on the postgadolin- 
ium image, which demonstrates enhancing papillary projections 
(arrowheads, c). (a and c: Reprinted with permission from Outwater 
EK, Mitchell DG: Normal ovaries and functional cysts: MR appear- 
ance. Radiology 198: 397-402, 1996.) 



tion of the endometrial lining [33, 34]. In order of 
decreasing frequency, the most common sites of involve- 
ment are the ovaries, cul-de-sac and posterior uterine 
wall, uterosacral ligaments, anterior uterine wall, and 
bladder dome [34-36]. Other potential sites of involve- 
ment are the sigmoid colon, fallopian tubes, and distal 
ureters. Hypothesized etiologies include three major 
mechanisms: 1) metastatic: reflux of endometrial cells 
through the fallopian tubes with implantation onto 
pelvic structures or spread through blood vessels, lym- 
phatics, or surgery; 2) metaplastic: coelomic cells are 



transformed by repeated exposure to hormonal stimuli; 
and 3) induction: endometrial substances induce undif- 
ferentiated mesenchymal cells [37]. Metastatic deposi- 
tion is the most accepted theory, specifically retrograde 
menstruation. Retrograde menstruation has been associ- 
ated with disordered myometrial contractions that may 
alter the direction of flow during menses [38]. 

On MRI, endometriomas are typically thick- walled 
cysts with extensive surrounding fibrosis and adhesions 
to adjacent structures. Imaging studies most often detect 
endometriomas rather than small endometrial implants, 
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Fig. 15.7 Ovarian cyst. Transverse (a) and sagittal (b) T2-weighted SS-ETSE and transverse (c) and sagittal id) gadolinium- 
enhanced fat-suppressed images. A large, well-defined cyst with simple fluid content and no mural irregularity is apparent arising 
from the right ovary (arrow, a). 



which are often difficult to detect. On Tl -weighted 
images, endometriomas are of high signal intensity. The 
high signal intensity is more conspicuous with the use 
of fat suppression; lesions less than 1 cm in size can be 
detected on fat-suppressed Tl-weighted images [39-41]. 
On T2-weighted images, endometriomas demonstrate 
low signal intensity (shading), presumably due to 
repeated bleeding and the accumulation of blood prod- 
ucts that shorten T2 (figs. 15.11-15.13). This profound 
T2 shortening is uncommon in functional or hemor- 
rhagic cysts [16]. When these signal characteristics are 
used as diagnostic criteria, the sensitivity of MR for 
detecting endometriomas ranges from 90% to 92%, and 
the specificity ranges from 91% to 98% [39, 42, 43]. 
Smooth ringlike mural enhancement is typical of endo- 



metriomas, although solid lesions also occur (fig. 15.14). 
The characteristic ring enhancement may cause confu- 
sion with other processes such as tubo-ovarian abscess 
or hemorrhagic cysts if all sequences are not considered 
[42, 44, 45]. 

The diagnosis of endometrial implants is more 
elusive. High-resolution MR imaging may detect implants 
as high-signal lesions on Tl-weighted sequences, espe- 
cially with fat suppression [39, 40]. Some implants also 
exhibit enhancement after gadolinium [42]. High signal 
on T2-weighted images has also been described, 
presumably due to actual endometrial glands within 
the implants [58]. Typically, implants are low-signal- 
intensity masses on T2-weighted images due to sur- 
rounding fibrosis, and foci of hemorrhage may also be 



BENIGN DISEASE OF THE ADNEXA 



1507 





Fig. 15.8 Theca-lutein cysts. Sagittal (a) and transverse (b) 
512-resolution T2-weighted ETSE and gadolinium-enhanced fatsup- 
pressed Tl -weighted SGE (c) images in a woman with an invasive 
mole. The combination of an infiltrating endometrial mass and 
enlarged and cystic ovaries (long arrows, a-c) should suggest the 
diagnosis of gestational trophoblastic disease. Note the high signal 
of myometrium in the area of marked molar invasion (arrowheads, 
a) versus the area where it is relatively spared (short arrows, a). 
Whereas theca-lutein cysts are present in up to one-third of women 
with gestational trophoblastic disease, they also occur in other 
conditions associated with elevated human chorionic gonadotro- 
pin (p-hCG) levels. 



detected [46]. Laparoscopic or surgical diagnosis, staging, 
and treatment are still often necessary, as the sensitivity 
of MR for detecting mild endometriosis has been 
reported to be 75% [47]. MR imaging may not detect 
very small superficial lesions seen at laparoscopy; 
however, MR imaging may surpass laparoscopy at 
detecting deep pelvic endometriosis, which is more 
frequently symptomatic [48]. 

Polycystic Ovaries 

Polycystic ovarian syndrome (PCOS) represents a spec- 
trum of disease that may manifest clinically with hir- 
sutism, irregular bleeding, or infertility. Obesity is an 
associated characteristic but does not define the disease 
[49]. The most common cause is a hormone imbalance 
leading to stimulation of the ovaries without maturation 
of a dominant follicle. As a result, the ovaries are left 



with numerous follicles of nearly the same size, gener- 
ally at the periphery of the ovary. When present, ovarian 
enlargement is due to an increase in the stromal tissues; 
capsular hypertrophy is also present [12, 50]. On MR 
images, polycystic ovaries are normal to large in size, 
with multiple small peripheral follicles of uniform size. 
A dark capsule and central stroma can be seen on T2- 
weighted images (fig. 15.15) [51, 52]. Unlike normal 
ovaries, the small uniform follicles do not become hem- 
orrhagic and are consistently bright on T2-weighted 
images and dark on Tl-weighted images [51]. It should 
be noted that overlap exists between the MRI appear- 
ance of normal and polycystic ovaries, and even classic 
imaging findings are neither sufficient nor necessary for 
the diagnosis of PCOS [52]. The significance of polycys- 
tic ovaries in asymptomatic women is not currently well 
understood. PCOS patients are typically treated for a 
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Fig. 15-9 Theca-lutein cysts in ovarian hyperstimulation syndrome. Transverse T2-weighted ETSE (a) and Tl -weighted 
gradient-echo fat-suppressed gradient echo (b) images in a patient on ovulation induction medicine who presented with acute pain 
and hypotension. Bilateral multilocular ovarian cysts (arrowheads, a, b) are identified in association with a gravid uterus (not shown) 
and marked free abdominopelvic fluid. Some of the cysts are complicated by hemorrhage, which is best seen on the fat-suppressed 
Tl-weighted images (curved arrow, b). There is also evidence of hemoperitoneum. Note that the dependent fluid is intermediate 
in signal intensity on the Tl-weighted images and is decreased in signal intensity on T2-weighted images, which is consistent with 
intracellular methemoglobin (arrows, a, b). The hyperstimulation syndrome is a well-recognized, life-threatening complication of 
ovulation induction therapy for infertility. 





Fig. 15.10 Peritoneal inclusion cyst. Sagittal (a) and transverse (b) T2-weighted ETSE images in a woman with a history of 
abdominopelvic surgery. A large, irregularly shaped cystic mass (arrowheads, a, b) displaces the bladder (arrow, a) and sigmoid 
colon (arrow, b). The mass was found to be a benign peritoneal cyst. 
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Fig. 15.11 Endometriosis: benefit of fat-suppression. Tl-weighted SE (a) and Tl-weighted fat-suppressed gradient-echo 
(b) images in a patient with bilateral adnexal masses shown on transvaginal ultrasound. There is a high-signal-intensity mass 
applied to the left ovary on the Tl-weighted image (arrow, a), which is more conspicuous on the fat-suppressed image (arrow, 
b). Note that the small endometrial implants applied to the uterine serosa are well seen with the fat suppression technique (arrow- 
heads, b). Large endometrioma at 3 T. Transverse T2-weighted ETSE (c) and Tl-weighted fat-suppressed Tl-weighted gradient- 
echo id) images in a different patient show a large endometrioma with a single septation adjacent to the uterine cervix (uc). In 
this case, no additional small implants were seen on fat-suppressed images. 



presenting complaint of infertility, menstrual irregular- 
ity, or androgen excess; however, there are important 
long-term health implications, including diabetes and its 
associated cardiovascular risks. Also, because of the 
unopposed estrogen seen in anovulation, patients with 
PCOS are at increased risk for endometrial cancer 
(fig. 15.16) [49]. 

Ovarian Torsion 

Torsion of the ovary occurs most frequently in prepu- 
bertal girls and during pregnancy [53]. The presence of 
an underlying ovarian mass predisposes the ovary to 



torsion. While most patients present with acute onset 
of pelvic pain, some patients present with episodic pain, 
presumably related to intermittent ovarian torsion. The 
pathologic and imaging changes reflect the degree of 
vascular compromise. In the earliest stages, only the 
venous flow is restricted; this causes enlargement of the 
ovary from congestion, edema, and interstitial hemor- 
rhage. As arterial flow is restricted, necrosis of the ovary 
and any associated mass will commence. 

Three MRI findings have been described that are 
together considered diagnostic of acute ovarian torsion: 
1) an adnexal protrusion continuous with the uterus or 
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Fig. 15.12 Endometriosis in a patient with cervical stenosis. Transverse T2-weighted ETSE (a), Tl-weighted SE (&), Tl- 
weighted fat-suppressed SE (c), and gadolinium-enhanced Tl-weighted fat-suppressed SE (d) images in an adolescent girl with 
amenorrhea and pelvic pain. High-signal-intensity endometriomas on the conventional Tl-weighted images (arrow, b) demonstrate 
characteristic low signal on the T2-weighted images (arrow, a). With the addition of fat suppression, small endometriosis implants 
that were indistinguishable from pelvic fat on nonsuppressed images become more conspicuous (arrows, c). Note that the endo- 
metrial canal (e, c) and free fluid (arrowheads, c) in the pelvis are higher in signal intensity than usual, which is consistent with 
hematometra and hemoperitoneum, respectively. The endometriomas and endometriosis implants have variable enhancement after 
contrast administration (arrows, d). This patient had cervical atresia and retrograde menses, which presumably account for her 
endometriosis. Surgery confirmed endometriosis and hemorrhagic free pelvic fluid; the hysterectomy specimen revealed cervical 
agenesis. 



to which engorged blood vessels converge, 2) thick, 
straight vessels draped around the lesion, and 3) com- 
plete absence of enhancement [54]. The first sign, the 
adnexal protrusion, is felt to represent the pedicle con- 
necting the ovary and/or lesion to the uterus or vascular 
supply. This torsion knot is generally of low signal 
intensity on Tl- and T2-weighted images (fig. 15.17), 
but areas of high signal may be seen, reflecting the 
presence of hemorrhage or congestion [51, 54]. The 
second sign, draping vessels, are vessels on the surface 



of the ovary distal to the torsion. The third sign, lack 
of enhancement, indicates significant arterial compro- 
mise; when the torsion involves only the vein or incom- 
pletely involves the artery, some enhancement will still 
be detected. This enhancement may be better seen with 
the use of MR subtraction imaging [55]. Multiple small 
peripheral follicles are also seen. Occasionally, a high- 
signal-intensity rim surrounds the adnexal mass on 
Tl-weighted images. This reflects the presence of hem- 
orrhage within the lesion but is a nonspecific finding 
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Fig. 15.13 Endometriosis: T2 shortening with fluid-fluid levels. Transverse 512-resolution T2-weighted ETSE (a), Tl- 
weighted fat-suppressed SE (£>), and gadolinium-enhanced Tl-weighted fat-suppressed SE (c) images in a 42-year-old woman with a 
2-month history of pelvic pain, elevated CA-125, and complex adnexal masses on transvaginal sonography. Bilateral adnexal masses 
have high-signal-intensity components on Tl-weighted images, which demonstrate fluid-fluid levels on T2-weighted images consis- 
tent with endometriomas (short solid arrows, a, b). Note the serpentine left hydro/hematosalpinx (arrowheads, b, c). Posterior to 
the uterus is a polygonal fluid collection (open arrow, a-c). After contrast, the septations of the masses (short solid arrow, c) 
enhance, as do the walls of the dilated left fallopian tube (arrowheads, c). The polygonal fluid collection has similar enhancement 
characteristics. Orthogonal views confirm the findings. Note the IUD within the endometrium (long solid arrows, a-c). At laparos- 
copy, bilateral endometriomas, endometriosis implants, left hydro/hematosalpinx, adhesions, and a peritoneal pseudocyst behind 
the uterus were found. MRI can add specificity to the finding of an elevated CA-125. Endometriosis at 3 T. Transverse T2-weighted 
ETSE (d), Tl-weighted gradient-echo (e), and Tl-weighted fat-suppressed gradient echo (f) images in a different patient show pelvic 
masses (arrows, d-f) with low signal on T2-weighted images and high-signal-intensity components on Tl-weighted images that 
suppress with fat saturation. Also note evidence of adhesions, characteristic of severe endometriosis. 
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Fig. 15.13 (Continued) 





Fig. 15.14 Solid endometrioma. T2-weighted echo-train spin-echo (a), Tl-weighted spin-echo (b), and gadolinium-enhanced 
Tl -weighted fat-suppressed gradient-echo (c) images in a patient with right endometrioma and cul-de-sac endometrial implants. The 
T2-weighted image (a) shows the endometrioma (E, b) with low signal intensity (arrow, a). A fibrotic cul-de-sac solid endometrioma 
implant (open arrows, a-c) infiltrates the perirectal fat (A = adenomyosis, a). Gadolinium-enhanced Tl-weighted fat-suppressed 
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Fig. 15.14 (Continued) gradient-echo image (c) shows a layered appearance to the endometrioma (arrow, c) with a high- 
signal-intensity superior layer (arrow, c), corresponding to the low-signal layer on T2, reflecting paramagnetic effects of blood 
products. Abdominal wall endometriosis at 3 T. Sagittal T2-weighted echo-train spin-echo (d), Tl-weighted gradient-echo (e), 
and gadolinium-enhanced Tl-weighted fat-suppressed gradient-echo (/") images in a different patient with prior cesarean section 
and pain. A small mass is seen at the left aspect of the abdominal scar (arrows, d-f) that is low signal on T2-weighted images and 
enhances with gadolinium. Abdominal wall endometriosis implants may appear solid with marked enhancement. 
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Fig. 15.15 Polycystic ovaries. Sagittal 512-resolution T2- 
weighted ETSE image demonstrates a mildly enlarged ovary 
that contains multiple, similar-sized cysts (arrow). Central 
ovarian tissue is low in signal intensity, reflecting increased 
medullary cellular stroma. 





/ A 




fc 


- A 


¥.. 


T^R 


1 v 


■3 


k* 


K. * M 


Jt 


l*c 




1 


^^ 







Fig. 15.16 Endometrial carcinoma in a patient with 
polycystic ovary syndrome. Oblique (short-axis view of the 
uterus) T2-weighted ETSE image shows low-signal-intensity 
central ovarian stroma and capsule with numerous small 
peripheral follicles. The endometrium is thickened (arrow). 
Biopsy revealed endometrial carcinoma. 



seen in any subacute hematoma [56, 57]. Diffusion 
imaging has also been used with success in the evalu- 
ation of ovarian torsion [58]. 

The MRI findings of massive ovarian edema have 
also been described. This occurs when there is twisting 
of the vascular pedicle without hemorrhagic infarction, 
and there is typically no underlying mass. The most 
common finding is marked enlargement of the ovary 



(up to 40 cm) with increased signal intensity on T2- 
weighted images (fig. 15.18) [59-61]. 

Pelvic Inflammatory 
Disease/Tubo-Ovarian Abscess 

Pelvic inflammatory disease (PID) is a condition of 
women of reproductive age and refers to a variety of 
pelvic infections. The route of spread of the infection 
is ascending; women who have undergone hysterec- 
tomy are not at risk. A variety of microorganisms may 
be involved, most commonly Chlamydia trachomatis 
and Neisseria gonorrhoeae. Other causes include 
Bacteroides species and a variety of other gram-negative 
and -positive aerobic and anaerobic bacteria, and mixed 
infections are also common. Women at particularly high 
risk for PID are those with an intrauterine device (IUD). 
Actinomycosis is especially common in these women 
[62]. Women with PID present with fever and abdominal 
and pelvic pain; cervical motion tenderness and a dis- 
charge may be detected during the physical examina- 
tion. An associated palpable adnexal mass suggests a 
concurrent tubo-ovarian abscess (TOA) or pyosalpinx. 
Uncomplicated PID (myometritis, endometritis, and 
oophoritis) is typically managed conservatively with 
antibiotics. TOA or pyosalpinx may require percutane- 
ous or surgical drainage for cure. Long-term sequelae 
of PID include infertility, chronic pelvic pain, and 
increased risk of ectopic pregnancy. 

Most patients with PID/TOA are diagnosed based 
on clinical picture, physical examination, and ultra- 
sound. In one series of highly selected patients admitted 
to the hospital for suspicion of PID, MRI proved more 
accurate in the diagnosis of PID than transvaginal US 
[63]. MR was also helpful in detecting other causes of 
symptoms. MRI depicts the extent of inflammation as 
ill-defined hyperintensity on fat-suppressed T2-weighted 
images that enhances markedly on postgadolinium fat 
suppressed Tl -weighted images (fig. 15.19) [62]. These 
areas are also seen as curvilinear and hypointense on 
routine Tl -weighted imaging. TOA has a variable 
appearance but is usually seen as a round or tubular 
thick-walled, fluid-filled mass in the adnexal region (fig. 
15.20). In one series, the abscesses were most often 
hypointense on Tl -weighted images and hyperintense 
or heterogeneous on T2-weighted images [64]. Within 
the innermost portion of the abscess wall, a thin rim 
was observed that was hyperintense or intermediate 
signal intensity on Tl -weighted images and hypointense 
on T2-weighted images in almost every case. Dense 
enhancement was observed after gadolinium adminis- 
tration. This rim corresponds histologically with a layer 
of granulation tissue, heavily infiltrated by inflammatory 
cells and containing fresh hemorrhage. The differential 
diagnosis of TOA includes endometrioma, ovarian neo- 
plasm, infected ovarian cyst, and abscess from another 
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Fig. 15.17 Ovarian torsion. Transverse (a) and sagittal (b) T2-weighted ETSE and transverse (c) and coronal id) gadolinium- 
enhanced Tl-weighted gradient-echo images in a patient with pelvic pain, low-grade fever, and mild leukocytosis. T2-weighted 
images (a, b) show a large, solid pelvic mass (arrows, a, b) posterior to the uterus. Peripheral follicles are noted on the sagittal 
image (£>), indicating that the mass is a markedly enlarged ovary. Gadolinium-enhanced Tl-weighted images (c, d) show no enhance- 
ment of the pelvic mass (arrows, c, d) consistent with infarction. Surgery confirmed ovarian torsion with an infarcted ovary. 
Histopathologic evaluation showed an infarcted ovary with hemorrhagic necrosis. (Courtesy of Russell Low, M.D., Sharp Clinic, San 
Diego, CA.) Ovarian torsion in a pregnant patient. Coronal T2-weighted SS-ETSE (e) and transverse T2-weighted SS-ETSE 
with fat suppression (/") in a different patient show a large right ovary with edematous stroma (arrows, e, /) and prominent cyst 
(arrowheads, e,f). Pregnant patients are predisposed to ovarian torsion. 
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Fig. 15.18 Massive ovarian edema. Coronal (a) and sagittal (b) T2-weighted SS-ETSE images show an enlarged right ovary 
(arrow, a, b) with increased stromal signal intensity and few small peripheral follicles (arrowhead, b). Note the enlarged uterus 
(u, a) due to adenomyosis and leiomyomata. 





Fig. 15. 19 Pelvic inflammatory disease. Coronal 5 1 2-resolution T2-weighted ETSE (a) and gadolinium-enhanced Tl -weighted 
fat-suppressed gradient-echo (b) images in a patient with acute pelvic pain and fever. Bilateral complex cystic masses are not ovarian 
cysts but the inflamed, dilated fallopian tubes folded upon themselves (arrows, a), flanking the uterus. After contrast the tube walls 
enhance and further demonstrate that the masses are not adjacent discrete cysts, but rather continuous structures (arrows, b). 



source such as Crohn disease, appendicitis, or diverticu- 
litis. Chronic PID/TOA results in similar but less severe 
changes. Findings of salpingitis include tubal enlarge- 
ment due to obstruction of the fimbriated end of the 
tube. On MR images, a serpentine adnexal lesion is 



seen; the central signal varies with the tube contents. 
Purulent material is of variable signal intensity on Tl- 
and T2-weighted images but may show a fluid-debris 
level. After the administration of gadolinium, the tube 
wall enhances. 
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Fig. 15.20 Tubo-ovarian abscess. Transverse gadolin- 
ium-enhanced Tl -weighted fat-suppressed SE image in a woman 
with fever and a fluctuant adnexal mass on bimanual exam. A 
large loculated abscess occupies the posterior pelvis (a). The 
right ovary is enlarged (solid arrows) and is invested with an 
abscess ("a"). The well-formed abscess capsule and septations 
enhance markedly, as does the inflammation in the surround- 
ing fat (open arrows). Associated inflammatory changes are 
more conspicuous on fat-suppressed images. Tubo-ovarian 
abscess is a well-recognized complication of PID, and whereas 
most cases of PID can be managed conservatively, the presence 
of an abscess usually necessitates surgical intervention. 



Hydrosalpinx 

Occlusion of the fimbriated end of the tube uncom- 
plicated by hemorrhage or infection produces tubal 
dilation resulting in a hydrosalpinx. If complicated by 
hemorrhage the term hematosalpinx may be applied; if 
complicated by infection, the term pyosalpinx is used. 
The causes of tubal obstruction include PID, endome- 
triosis, adjacent tumors, and adhesions from prior 
surgery. On MR images, a dilated fallopian tube appears 
as a tubular fluid-filled structure folded on itself to form 
an S or C shape (fig. 15.21) [65]. The multiplanar capa- 
bility of MR is especially useful in proving that a mul- 
ticystic structure is actually a dilated tube. The signal 
intensity of the fluid on Tl- and T2-weighted images 
may suggest the cause of the obstruction. Fluid that is 
of increased signal on Tl -weighted images is associated 
with endometriosis. 

Ectopic Pregnancy 

The most common sites for extrauterine pregnancy are 
the fallopian tubes, followed by the ovaries. Because 
of the increased use of ovulation-stimulating drugs, 
the incidence of ectopic pregnancy is increasing. Most 




Fig. 15.21 Hydrosalpinx. Sagittal 512-resolution T2- 
weighted ETSE image demonstrates a large hydrosalpinx (S). 
Adenomyosis of the uterus (arrow) is also present. 



ectopic pregnancies are confirmed with transvaginal 
ultrasound, and few reports of the MRI appearance have 
been published [66-69] A potential advantage of MRI is 
its ability to precisely localize the implantation site of a 
cornual or cervical ectopic pregnancy, which is impor- 
tant for proper management. MRI features include fal- 
lopian tube hematoma, enhancement of the fallopian 
tube wall, a gestational sac-like structure, bloody ascites, 
and a heterogeneous adnexal mass. The hematoma is 
of intermediate to high signal intensity on Tl -weighted 
images [68], and the ascites is of increased signal inten- 
sity on fat-suppressed Tl -weighted images. An enhanc- 
ing treelike region within the heterogeneous mass has 
been reported to represent villus-containing fibrin 
strands in the fetoplacental tissue [66]. 

Pelvic Varices 

Pelvic varices and enlarged ovarian veins may be detected 
as part of an evaluation of pelvic pain or may be noted 
incidentally [70, 71]. Primary pelvic varices are associated 
with the pelvic pain syndrome (also called pelvic con- 
gestion syndrome), in which patients present with 
chronic pelvic pain without obvious cause. Pelvic con- 
gestion syndrome generally affects multiparous women 
of reproductive age; patients complain of a deep, dull 
pelvic ache made worse by activity or actions that 
increase intra-abdominal pressure [72]. The clinical diag- 
nosis is challenging; patients suspected of having this 
condition often undergo venography, which is invasive 
and frequently negative. MR imaging provides a nonin- 
vasive venogram, and the addition of routine sequences 
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Fig. 15.22 Pelvic varices. Coronal oblique maximumin- 
tensity projection of an MR angiogram approximately 45 s after 
gadolinium injection in a patient with chronic pelvic pain. 
There is reflux of contrast down a large left ovarian vein 
(arrow) with filling of left pelvic varices (arrowheads). 



for evaluation of pelvic anatomy permits diagnosis of 
other possible causes of pain such as adenomyosis. On 
Tl -weighted and T2-weighted images, serpentine para- 
uterine and paraovarian vessels are noted. With dynamic 
gadolinium-enhanced imaging, reflux can be seen down 
enlarged gonadal veins on early images, and the pelvic 
varices enhance intensely (fig. 15.22). In patients with 
pain due to pelvic varices, venous embolotherapy has 
been reported to lead to significant improvement in pain 
[731. Secondary pelvic varices are not generally associ- 
ated with pain but do signal a potentially serious under- 
lying abnormality such as inferior vena caval obstruction, 
portal hypertension, increased pelvic blood flow, or 
vascular malformations [72]. 

Benign Ovarian Neoplasms 

Benign ovarian neoplasms are classified together with 
their malignant counterparts according to cell type 
(Table 15.1). 

Epithelial Origin 

Benign epithelial tumors may be serous, mucinous, or 
transitional cell (Brenner tumors). Endometrioid and 



Table 15.1 Benign and Malignant Primary 
Ovarian Neoplasms 


Epithelial Cell 
(-70%) 


Germ Cell 
(-20%) 


Sex Cord-Stroma 
(-10%) 


Serous tumor 


Mature cystic 
teratoma 


Fibroma 


Mucinous tumor 


Immature teratoma 


Granulosa-theca 
cell tumor 


Endometrioid 
tumor 


Dysgerminoma 


Sertoli-Leydig 
tumor 


Clear cell tumor 


Endodermal sinus 
tumor 


Sclerosing stromal 
cell tumor 


Brenner tumor 


Embryonal cell tumor 




Cystadenofibroma 


Choriocarcinoma 





clear cell epithelial tumors are usually malignant, 
although rare benign varieties exist. Most benign epi- 
thelial tumors are cystadenomas, usually serous or 
mucinous. Tumors with fibrous stroma are considered 
cystadenofibromas or adenofibromas. Serous and muci- 
nous cystadenomas each have characteristic MRI fea- 
tures; however, overlap exists. The distinction is often 
not possible, which is not important because treatment 
is the same. 

Serous cystadenomas are common and account for 
approximately 20% of benign ovarian neoplasms [12]. 
While the malignant variation of this lesion tends to 
occur in older women, benign cystadenomas develop 
in women between 20 and 50 years of age. About 20% 
are bilateral, in contrast to the malignant version, which 
is more frequently bilateral [74]. The most common 
presentation is of a thin-walled unilocular cyst, although 
there may be papillary projections [75]. These projec- 
tions are very important to recognize because they are 
the hallmark of epithelial neoplasms and may be a 
predictor of malignancy [76]. Benign epithelial tumors 
have fewer and smaller projections than borderline or 
frankly malignant tumors [23]. When benign, these 
lesions can be treated by simple resection or unilateral 
oophorectomy. On MR images, uncomplicated serous 
cystadenomas have signal intensity similar to water on 
all sequences, and they appear dark on Tl- and bright 
on T2 -weighted sequences (fig. 15.23). If complicated 
by hemorrhage, the Tl and T2 signal characteristics 
are altered because of shortening of relaxation times. 
Unilocular and thin-walled lesions may be mistaken for 
simple functional cysts, while multilocular lesions may 
mimic mucinous cystadenomas or, more importantly, 
malignant tumors (fig. 15.24). Papillary projections may 
occur in benign epithelial tumors but should raise sus- 
picion of malignancy (fig. 15.25). 

Mucinous cystadenomas are also of epithelial 
origin and account for another 20% of benign ovarian 





Fig. 15.23 Serous cystadenoma. Sagittal (a) and transverse (b) 512-resolution T2-weighted ETSE images in a 10-year-old girl 
with precocious puberty. A large septate mass occupies the pelvis. Note the pubertal-sized, follicle-containing ovary draped over 
the mass (long arrows, a). The signal-void area in the dependent portion of bladder reflects the T2* effects of concentrated gado- 
linium (short arrow, a). The ovarian mass displaces the uterine corpus and cervix (arrow, b) posteriorly. At surgery, a benign serous 
cystadenoma was resected. 





Fig. 15.24 Multilocular serous cystadenoma. Coronal T2- 
weighed SS-ETSE (a) and Tl -weighted gradient-echo Qf) images 
show a multilocular mass (arrow). A focus of high-signal-intensity 
material on Tl -weighted images (arrowhead, b) indicates hemor- 
rhage within a locule. (Courtesy of Claude Sirlin, M.D., Department 
of Radiology, University of California, San Diego). Multilocular 
serous cystadenoma at 3 T. Transverse T2-weighted ETSE image 
in a different patient (c) show a multiseptate mass in the right 
adnexa found to be a benign serous cystadenoma on resection. 
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Fig. 15.25 Serous cystadenoma with papillary projec- 
tions. Transverse T2-weighted ETSE image shows a unilocular 
right adnexal mass (arrow) with a small number of papillary 
projects (arrowheads). Benign serous tumors may have papil- 
lary projections, but they tend to be fewer and smaller than 
those typically seen in malignant serous tumors. 



neoplasms. They are less frequently bilateral (about 5%) 
and are more common after age 40 [12]. These lesions 
tend to be multilocular and lack papillary projections, 
which may help distinguish them from the serous type. 
Distinction may not be possible, and it is unlikely to be 
important because treatment is the same. Mucinous 
cystadenomas also tend to be larger than serous cyst- 
adenomas. On MR images, mucinous cystadenomas 
classically demonstrate multiple locules with varying 
signal intensity on Tl- and T2 -weighted images due to 
their protein content [76]. Hemorrhage may also be seen 
in one or more locules, causing further variation in Tl 
and T2 signal (fig. 15.26) [75]. Mucinous cystadenomas 
may also be unilocular or have very few septa (fig. 
15.27). As in serous cystadenomas, papillary projections 
are suggestive of malignancy. 

Cystadenofibromas are cystic epithelial neoplasms 
in which fibrous stroma is a major component in addi- 
tion to epithelial cells. Adenofibromas contain an even 
more prominent fibrous component. Like other epithe- 
lial tumors, cystadenofibromas and adenofibromas may 
be serous, mucinous, or, less commonly, endometrioid 
or clear cell. These tumors are usually benign; however, 
borderline and malignant varieties exist. The MRI 
appearance has been reported to be variable. They may 
contain solid components that are very low signal on 
T2-weighted images, suggesting their fibrous nature 
[77]. However, cystadenofibromas may also appear 
nearly entirely cystic on MR images, mimicking cystad- 
enomas (fig. 15.28) [78]. Endometrioid tumors are typi- 
cally malignant but may occur as benign adenofibromas. 



There is an association of endometrioid and clear cell 
tumors with endometriosis, and they may arise from 
endometriotic cysts (fig. 15.29). 

A variety of adenofibroma is the Brenner tumor or 
transitional cell tumor, which arises from the surface 
epithelium of the ovary and contain nests of urothelium- 
like cells [79]. These account for 2-3% of all ovarian 
neoplasms; the majority of these are benign, with few 
reports of borderline or malignant counterparts. Benign 
Brenner tumors have signal characteristics similar to 
fibromas, with decreased homogeneous signal intensity 
on T2-weighted images [80]. Larger tumors may show 
cystic areas [79]. Brenner tumors are associated with 
other ovarian tumors in approximately 30% of cases, 
usually in the ipsilateral ovary. 

Germ Cell Origin 

The only benign tumor of germ cell origin is the mature 
cystic teratoma or dermoid cyst, which is the most 
common ovarian neoplasm and accounts for 26-44% 
[12]. The peak incidence is during the midreproductive 
years, although they can be detected at any age. 
Approximately 90% are unilateral, and the mean size is 
6 cm. Patients are usually asymptomatic. When present, 
symptoms are related to mass effect or torsion. Rarely, 
infection or rupture may occur. Malignant transforma- 
tion occurs in 1-3% [12], most frequently in postmeno- 
pausal women. 

Mature cystic teratomas are composed of varying 
amounts of endodermal, mesodermal, and ectodermal 
elements. Bone, teeth, hair, cartilage, skin, muscle, fat, 
bronchus, salivary gland, thyroid, pancreas, neural 
tissue, and retina have been found within them [12]. 
They are typically unilocular, although septations may 
be present. The cysts have an ectodermal lining and 
contain keratin and sebum, secreted by sebaceous 
glands. Management consists of conservative surgery 
with cystectomy, oophorectomy, or salpingo-oophorec- 
tomy depending on the size of the tumor and the desire 
to preserve fertility. Rarely, malignant transformation 
occurs, usually to squamous cell carcinoma. Other cell 
types reported include adenocarcinoma, sarcoma, tran- 
sitional cell carcinoma, and melanoma [12, 81, 82]. The 
prognosis after malignant transformation is poor; most 
patients survive less than 1 year [12]. 

The characteristic MRI feature is fat, which is present 
in approximately 95% of mature cystic teratomas (figs. 
15. 30-15. 32). Other findings include fluid-fluid levels, 
layering debris, low-signal-intensity calcification (usually 
teeth), and Rokitansky nodules (dermoid plugs attached 
to the cyst wall) [83-86]. The fat within the lesion has 
signal characteristics of gross fat signal on all sequences. 
Interfaces between the fat and water and/or soft tissue 
in the lesion also cause chemical shift artifact, present 
in about 60% of cases [87]. Standard Tl- and T2-weighted 
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Fig. 15.26 Mucinous cystadenoma. Sagittal (a) and trans- 
verse (b) T2-weighted ETSE and transverse Tl -weighted SE (c) 
images. Multiple internal cysts and septations are typical findings 
in mucinous cystadenoma. The low-signal-intensity fibrotic wall of 
the mass (arrowheads, b) and the adjacent normal left ovary 
(arrow, b) are noted. The sagittal image (a) demonstrates displace- 
ment of the uterus (u) posteriorly by the mass. 



imaging sequences support the diagnosis of a teratoma; 
however, Tl -weighted images obtained out of phase or 
with chemically selective fat suppression improve diag- 
nostic confidence [87-891. Accuracies up to 96% have 
been reported with these techniques [87]. Out-of-phase 
imaging may have a particular advantage in lesions with 
only small amounts of fat (fig. 15.33) [90]. 

Monodermal teratomas are a subset of teratomas that 
are composed of one tissue type, such as struma ovarii 
and struma carcinoid. Most reports in the literature 



describe struma ovarii as complex multilocular masses 
with solid components [91-94]. The different locules 
may have variable signal intensity due to the differences 
in viscosity within the fluid; the signal is often low to 
intermediate on Tl- and very low on T2 -weighted 
images [95]. The solid components demonstrate signifi- 
cant enhancement after gadolinium and correspond to 
thyroid tissue (fig. 15.34) [95]. Cases have been reported 
that lack a solid component [96]; however, the same 
signal pattern within the locules was noted. 
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Fig. 15.27 Mucinous cystadenoma. Coronal T2-weighted ETSE (a) and gadolinium-enhanced fat-suppressed Tl -weighted 
gradient-echo (b) images show a unilocular cystic right ovarian mass (arrow) without mural nodularity, adjacent to the normal left 
ovary containing multiple follicles (arrowhead). 





Fig. 15.28 Serous cystadenofibroma. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced Tl-weighted gradient-echo (b) 
images show a septated mass containing simple fluid. The small solid portions are hypointense on T2-weighted images (arrow, a), 
presumably reflect fibrous content, and enhance on postgadolinium images (arrow, b). 
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Fig. 15.29 Endometrioid adenofibroma arising in an endometriotic cyst. Transverse T2-weighted ETSE (a) and out-of- 
phase Tl -weighted gradient-echo (b) images show a septated mass (arrowheads, a, b) with heterogeneous high and low signal 
intensity on T2-weighted images (a) and slightly heterogeneous high signal intensity on Tl -weighted images (&), consistent with 
blood products. Pathologic evaluation of the resected mass revealed benign endometrioid adenofibroma in an endometriotic cyst. 
(Courtesy of Claude Sirlin, M.D., Department of Radiology, University of California, San Diego). 





Fig. 15.30 Mature cystic teratoma. Transverse 512- 
resolution T2-weighted ETSE (a), Tl -weighted SE (b), and Tl- 
weighted fat-suppressed SE (c) images in a patient with bilateral 
dermoids. A large right (large arrow, b) and two smaller left (small 
arrows, b) ovarian dermoids are present. The signal intensity is hete- 
rogeneous because of the variety of substances within the masses. 
The fat components suppress on the fat-suppressed image (c). 
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Fig. 15.30 (Continued) Mature cystic teratoma at 3 T. Transverse T2-weighted ETSE (d, e) and Tl-weighted gradient echo 
in-phase (/") and out-of-phase (g) images show a large left ovarian dermoid (arrowheads, d-g). The adjacent uterus contains a fibroid 
(*, d), and part of the normal right ovary is seen (*, e-g). In- and out-of-phase Tl-weighted images, showing artifact within the mass 
due to chemical shift of the second kind, confirm gross fat, fat-fluid level (arrow, /, g), and small foci centrally that may represent 
hair. Also note the prominent spatial misregistration artifact due to chemical shift of the first kind best seen on the T2-weighted 
images; this artifact is increased at 3 T compared to 1.5 T. 
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Fig. 15.31 Mature cystic teratoma containing hair. 

Sagittal T2-weighted ETSE (a), Tl -weighted gradient-echo (b), 
and Tl -weighted fat-suppressed SE (c) images. A 5-cm dermoid 
is present that contains fat and hair. A layer of fatty material is 
present in the top portion of the dermoid that is high in signal 
intensity (arrow, b) on the Tl -weighted image (b) and suppresses 
on the fat-suppressed image (c). A ball of hair is suspended in the 
midportion of the dermoid (arrow, a). (Courtesy of Ann B. Willms, 
M.D.) 



Sex Cord-Stromal Origin 

The most common benign solid ovarian tumors arise 
from the stromal elements of the ovary and are com- 
posed of fibrous cells, thecal cells, or a combination of 
the two. If purely one or the other, they are termed 
fibromas or thecomas. Because the histologic appear- 
ance can overlap, the term fibrothecoma may be more 
appropriate in many cases. Tumors that contain thecal 
cells are associated with increased estrogen. Pure the- 
comas arise most often in menopausal or perimeno- 
pausal women; 15% have concomitant endometrial 
hyperplasia, and 29% have frank endometrial carcinoma 
[12]. Given the associated endometrial disease, many of 
these tumors are discovered during evaluation of abnor- 
mal bleeding. Other symptoms are nonspecific and 
include pelvic pain or discomfort. Pure fibromas are 
diagnosed more frequently in women under 50 and are 
usually asymptomatic. Rarely, patients can present with 
ascites. If a right pleural effusion is also present, this is 
termed Meigs syndrome, which is a rare presentation 
of fibroma [12]. These tumors are treated by surgical 
excision. 



The MR characteristics of fibromas, thecomas, and 
fibro thecomas are similar: hypointensity on both Tl-and 
T2-weighted images (figs. 15.35 and 15.36). Because of 
the similar signal characteristics, these tumors are dif- 
ficult to distinguish from pedunculated leiomyomata 
[97]. Exophytic leiomyomas will often exhibit what has 
been termed the "bridging vascular sign," to describe 
curvilinear tortuous vascular structures crossing 
between the uterus and the pelvic mass [98]. Detection 
of compressed ovarian tissue surrounding an ovarian 
tumor is also useful. After the administration of gado- 
linium, these tumors have variable enhancement, with 
reports of negligible and avid enhancement [77, 99- 
101]. Atypical high T2 signal due to pronounced 
microscopic myxomatous change has been reported 
[102]. One series reported a high association with 
ascites [103]. 

A less common benign sex cord-stromal tumor is 
sclerosing stromal tumor of the ovary [104-108]. These 
tumors are usually diagnosed in women less than 30 
years of age who present with menstrual irregularity, 
although only a minority are hormonally active. 
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Fig. 15.32 Mature cystic teratoma containing teeth. 

T2-weighted ETSE (a), Tl-weighted SE (&), and Tl-weighted fat- 
suppressed gradient-echo (c) images. T2-weighted image shows a 
high-signal-intensity mature cystic teratoma (arrow, a) in the left 
ovary. The Rokitansky nodule contains areas that are high signal 
intensity, representing fat, and signal voids representing teeth. 
Tl-weighted spin-echo image shows the signal voids that repre- 
sent teeth in the Rokitansky nodule (arrow, b). Tl-weighted fat- 
suppressed gradient-echo image (c) shows suppression of the 
substantial fat content both within the cyst and within the 
Rokitansky nodule itself. The high-signal-intensity hematosalpinx 
(arrowhead, c) does not suppress. 




Hormone-producing sclerosing stromal tumors may 
secrete both estrogenic and androgenic hormones. 
Resection is curative. An MRI pattern has been described 
as pseudolobular, reflecting the histopathologic features 
of the tumor: Low-signal peripheral nodules contrast 
against high-signal stroma on T2-weighted images [108]. 
These tumors are highly vascular and are reported to 
show intense early contrast enhancement that pro- 
gresses in a centripetal fashion. 



MALIGNANT DISEASE 
OF THE ADNEXA 



Primary Ovarian Carcinoma 

Ovarian cancer accounts for 4% of all cancers in women 
and is the number one cause of death from reproductive 
tract malignancies. Ovarian cancer is primarily a diag- 
nosis of middle-aged and older women, with the inci- 
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Fig. 15.33 Mature cystic teratoma with a small amount of fat. Coronal T2-weighted SS-ETSE image (a), Tl -weighted 
gradient-echo in-phase (b) and out-of-phase (c) images obtained as a dual echo, and fat-suppressed Tl -weighted gradient echo image 
id) in a pregnant woman with an adnexal mass. A cystic mass is seen in the right adnexa with a small amount of tissue superiorly 
that does not have signal characteristics of simple fluid (arrowheads). The out-of-phase Tl -weighted image reveals signal loss at the 
interface of the tissue and the fluid within the cyst, indicating that the tissue is fat and the lesion is a benign teratoma. The fat- 
suppressed Tl-weighted image id) may fail to confirm the presence of small amounts of fat because of spatial misregistration and 
inhomogeneous fat suppression. 



dence increasing with age. The median age at diagnosis 
is 61 years. Risk factors associated with ovarian cancer 
include early menarche, low parity, older age at first 
pregnancy, infertility, late menopause, and family 
history of the disease. Oral contraceptives appear to 
have a protective effect. There have also been sugges- 
tions of environmental risk factors, but none has been 
conclusively proven responsible [109]. Survival depends 



on tumor stage at diagnosis. Because most women 
present with advanced disease, the overall 5-year sur- 
vival is poor. If women present with localized disease, 
the 5-year survival is 93%. With disease spread beyond 
the pelvis, 5-year survival drops to 25% [110]. Screening 
efforts have not yet been successful. 

The main strength of MR in the diagnosis of women 
with pelvic masses is the ability to accurately determine 
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Fig. 15.34 Struma ovarii. T2-weighted ETSE (a), Tl-weighted SE (£>), and gadolinium-enhanced Tl-weighted fat-suppressed 
gradient-echo (c) images in a patient with struma ovarii. Note the multiloculated mass in the right ovary (arrowheads, £>), which 
shows lacelike enhancement on postgadolinium images (arrow, c). Some cysts show low signal intensity on T2-weighted images 
(arrows, a). Struma ovarii is a monodermal teratoma that may produce thyroid hormones. (C, ovarian cyst.) 
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Fig. 15.34 (Continued) Struma ovarii. Oblique T2-weighted ETSE (d), Tl-weighted gradient echo (e), and gadolinium- 
enhanced Tl -weighted fat-suppressed gradient echo (/") images in a different patient with struma ovarii. Note a multiloculated mass 
with characteristic low-signal-intensity locules on T2-weighted images (arrowheads, d) and lacelike enhancement on postgadolinium 
images (arrowheads, /). 
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Fig. 15.35 Ovarian fibroma. Tl-weighted SE (a) and transverse (b) and sagittal (c) T2-weighted ETSE images show a 
left ovarian fibroma (F). The tumor is well defined and low in signal intensity on Tl-weighted (a) and T2-weighted (b, c) images. 
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Fig. 15.35 (Continued) A small volume of pelvic fluid (arrow- 
heads, c) is noted posterior and adjacent to the mass. 





Fig. 15.36 Large ovarian fibroma with necrosis. Tl-weighted 
SE (a), sagittal 512-resolution T2-weighted ETSE (£>), and gadolinium- 
enhanced Tl-weighted SE (c) images show an ovarian fibroma. A 
12 cm mass is present in the pelvis that is homogeneous in signal 
intensity on the Tl-weighted image (arrows, a), heterogeneous on the 
T2-weighted image (£>), and enhances in a mild and heterogeneous 
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Fig. 15.36 (Continued) fashion with cystic areas (arrow, c). 
Ovarian thecoma. Transverse id) and sagittal (e) T2-weighted ETSE 
images show a large mass with low signal intensity. Photograph of the 
resected solid tumor is also shown (/"). 



the origin of a pelvic mass, to determine whether an 
ovarian mass is likely neoplastic, and to determine 
whether a neoplastic mass is likely benign or malignant. 
Studies have reported high accuracy rates for these 
determinations [42, 87, 11 1-11 6]. Several criteria sugges- 
tive of malignancy have been described, including large 
size (>4-6cm, depending on series), solid and cystic 
components, papillary projections, and necrosis. [115- 
117]. Extraovarian findings of malignancy include 
ascites, peritoneal implants, and lymphadenopathy 
[113, 115, 116]. Several studies have shown gadolinium 
to improve accuracy [115, 117, 118]. In addition to 
characterizing adnexal masses, MRI can also evaluate 
patients for preoperative chemotherapy and monitor 
recurrence after treatment. 



Epithelial Origin 

Ovarian carcinoma derives most often from the epithe- 
lium of the ovary. There are four major cell types of 
ovarian epithelium: serous, mucinous, clear cell, and 
endometrioid. Tumors arising from these cell types 
account for 60% of all ovarian neoplasms and 85% of 
malignant neoplasms [119]. The benign lesions arising 
from these cell types were discussed above. A second 
category of tumor includes those that have borderline 
features (fig. 15.37) or low malignant potential. These 
tumors have an excellent prognosis despite sharing 
histologic features of frankly malignant masses; the 
quality they lack is destructive growth (invasion) [109]. 
The final category includes tumors that are overtly 
malignant. 
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Fig. 15.37 Cystadenofibroma with borderline features. 

T2-weighted echo-train spin-echo (a), Tl -weighted spin-echo (&), 
and gadolinium-enhanced Tl -weighted fat-suppressed gradient- 
echo (c) images in a patient with cystadenofibroma with border- 
line features. T2-weighted image (a) shows papillary projections 
(arrowheads, a) consisting of low-signal-intensity fibrous core 
and barely visible edematous stroma. A prominent, very low- 
signal-intensity fibrous component (arrow, a) is seen in the wall. 
Gadolinium-enhanced Tl-weighted fat-suppressed gradient-echo 
image (c) shows enhancement of the papillary projections 
(arrowheads, c) but less enhancement of the fibrous component 
(arrow, c). 




Approximately 75-85% of patients with epithelial 
neoplasms present with peritoneal disease, and even 
women with apparently localized disease may have 
metastases detected in peritoneal washings or biopsy of 
the omentum or diaphragm [109]. Tumor may also 
spread through lymphatic channels to the para-aortic 
lymph nodes. Lymphatics also facilitate spread along 
the broad ligament to pelvic lymph nodes. Most patients 
present with nonspecific symptoms such as abdominal 
discomfort, pain, or distension. The latter is attributable 



to malignant ascites or a large primary mass. Tradition- 
ally, complete staging requires surgical removal of the 
uterus, ovaries, and fallopian tubes, sampling of the 
para-aortic and retroperitoneal lymph nodes, excision 
of the omentum, biopsies of the peritoneum and dia- 
phragm, and evaluation of peritoneal washings. Stages 
are assigned according to the International Federation 
of Gynecology and Obstetrics (FIGO) schema. Many 
investigators have attempted to prove the worth of 
noninvasive methods for staging. A major initiative of 
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the Radiological Diagnostic Oncology Group (RDOG) 
is to examine the diagnostic accuracy of Doppler US, 
CT, and MR in the diagnosis and staging of ovarian 
cancer. A primary analysis showed no difference for the 
three modalities [120], while a subsequent study of 
advanced disease (stages III and IV) showed an advan- 
tage of using MRI or CT over US in these patients [121]. 
Prognosis depends on tumor stage, residual disease 
after initial surgery, and tumor grade. In up to 80% of 
cases, the CA-125 level will be elevated at presentation, 
and the level can be followed to assess for response to 
treatment. However, a normal value does not exclude 
the presence of tumor [122]. After surgery and chemo- 
therapy, MRI may be helpful to detect residual disease. 
In one series of 69 patients, MRI accurately determined 
the presence of residual or recurrent subclinical disease 
in 20 of 23 patients [122]. 

The MR appearance of primary epithelial neoplasms 
is a variable combination of cystic and solid compo- 
nents. Gadolinium administration is useful for the detec- 
tion of solid and necrotic components as well as 
intraperitoneal implants. There is considerable overlap 
in the appearance of tumors of the various cell types, 
but some features are more characteristic of a particular 
cell type. 

Serous. Cancers arising from the serous cell type 
account for approximately one-half of all ovarian malig- 
nancies [123, 124]. In 50% of these patients, the disease 
is bilateral. Serous cancers are predominantly unilocular 
cysts (figs. 15.38 and 15.39). As the degree of cellular 
differentiation decreases, the incidence of hemorrhage, 
solid elements, and necrosis increases. On MRI, papil- 
lary projections seen as intermediate-signal-intensity 
projections within a cystic lesion that enhance with 
gadolinium indicate tumors of serous origin. They are 
suggestive of but not specific for malignancy, as they 
are also seen in some benign serous cystadenomas. 
Approximately 30% contain psammoma bodies [123], 
which are not well seen on MRI. Many patients have 
peritoneal disease at the time of diagnosis (fig. 15.40). 

Mucinous. Cancers arising from the mucinous cell 
type are typically larger and more often unilateral com- 
pared to serous tumors. On MR images, these tumors 
appear multilocular more frequently than serous tumors, 
with septations of variable thickness that enhance with 
gadolinium. Mucinous tumors have been called "stained 
glass" lesions because of the different signal intensities 
of locules based on variable content. Septae between 
locules may enhance with gadolinium in benign or 
malignant lesions; however, areas of hemorrhage, 
necrosis, and solid elements are more suggestive of 
malignancy (figs. 15.41-1 5. 43 a-c). Another potentially 
helpful feature is the number of locules, which have 



been reported to be more numerous in borderline muci- 
nous tumors and mucinous cystadenocarcinomas com- 
pared to benign mucinous cystadenomas [125]. 

Endometrioid. Cancers arising from the endome- 
trioid cell type are usually malignant rather than benign. 
Endometrioid tumors comprise 15% of ovarian cancers 
and may arise within the ovary or within foci of endo- 
metriosis. These tumors are associated with endometrial 
hyperplasia or frank endometrial carcinoma in up to 
one-third of cases. Despite this association, they are felt 
to represent separate tumors and not metastatic disease. 
They are less commonly bilateral (approximately 25%) 
than serous or mucinous tumors and are generally com- 
posed of a mixture of cystic and solid elements (fig. 
l5A$d-f). Rarely, lesions are purely solid. 

Clear Cell Cancers arising from the clear cell type 
are less common, comprising 5% of ovarian cancers. 
Like endometrioid tumors, clear cell tumors are nearly 
always malignant. Unlike the other cell types, clear cell 
carcinoma presents more often with local disease, and 
carries a better overall prognosis. Clear cell cancers are 
less frequently bilateral (approximately 13%) than other 
epithelial cancers (figs. 15.44 and 15.45). These are 
generally unilocular tumors with mural nodules, which 
may be few in number, and these tumors can mimic 
serous tumors. Benign and borderline clear cell tumors 
are rare and nearly always of the adenofibromatous 
subtype (fig. 15.45c, d). The presence of proteinaceous 
material or hemorrhage may alter Tl- and T2-weighted 
imaging characteristics of clear cell carcinomas (fig. 
15.46) [126]. In the case of a hemorrhagic mass that is 
very bright on Tl -weighted images, it may be difficult 
to detect nodule enhancement, and subtraction images 
may be helpful. 

Undifferentiated. A final classification is the undif- 
ferentiated epithelial neoplasm. These do not fit into 
any category based on one of the four cell types of 
origin. These carry the poorest prognosis, with wide- 
spread disease generally present at diagnosis (fig. 15.47). 

Germ Cell Origin 

Dysgerminomas are the most common malignant germ 
cell neoplasm in children and young women under 20 
years of age. Most patients present with stage I disease, 
in which case the tumor is bilateral in up to 15% [127]. 
Conservative surgery with postoperative chemotherapy 
is a fertility-preserving option that has been reported to 
be successful. These tumors are generally large, lobu- 
lated, and solid. 

Endodermal sinus tumors are the second most 
common malignant germ cell tumor and have a similar 
age distribution. The MRI appearance has been described 
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Fig. 15.38 Serous cystadenocarcinoma. Coronal (a) and transverse (b) T2-weighted ETSE, Tl-weighted gradient-echo (c), 
and gadolinium-enhanced fat-suppressed Tl-weighted id) SE images in a 19-year-old woman with a low malignant potential serous 
tumor. Complex bilateral adnexal masses are noted. The T2-weighted images demonstrate papillary projections (p, a, b) After gado- 
linium administration, the papillary projections show marked enhancement (p, d). Contrast administration helps to differentiate 
between vascularized solid elements and debris within cystic masses. 



as large, solid masses with internal cysts, necrosis, and 
vascularity; however, imaging features are not specific 
(figs. 15.48 and 15.49). Rupture and ascites are not 
uncommon [127]. Elevated serum oc-fetoprotein is seen 
in these patients and is used to monitor treatment 
outcome. Treatment is surgery and chemotherapy. The 



prognosis is poor in patients who do not respond to 
chemotherapy [128-130]. 

Immature teratomas are rare and comprise about 
1% of germ cell tumors. Histologically these tumors are 
comprised of tissues normally seen in the human 
embryo. They tend to occur in younger patients and 
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Fig. 15.39 Serous cystadenocarcinoma. Sagittal T2-weighted ETSE image (a) and sagittal Tl -weighted fat-suppressed 
gradient-echo (b) images. T2-weighted image shows a right ovarian mass with irregular solid components (arrow, a) and florid 
intracystic papillary projections (arrowheads, a). Ascites (A) is present, with implants in the cul-de-sac. Gadolinium-enhanced 
Tl-weighted fat-suppressed gradient-echo image (b) shows enhancement of the papillary projections (arrowheads, b) and solid 
components (arrow, b) and implants (thin arrow, b). 
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Fig. 15.40 Peritoneal metastases. T2-weighted ETSE (a), Tl-weighted fat-suppressed (£>), and gadolinium-enhanced Tl- 
weighted fat-suppressed (c) SE images in a 69-year-old woman with advanced ovarian carcinoma, stage III. The peritoneum is dif- 
fusely thickened and has superimposed nodules. Peritoneal metastases (arrow, a) are most conspicuous on T2-weighted images in 
the setting of ascites and after gadolinium administration on Tl-weighted fat-suppressed images (arrows, c). Note the larger meta- 
static masses distributed in the pelvis (M, a-c). Contrast-enhanced Tl-weighted fat-suppressed technique increases staging accuracy 
of ovarian carcinomas. 



Fig. 15.40 (Continued) 





Fig. 15.41 Mucinous cystadenocarcinoma. (a) Sagittal T2- 
weighted ETSE image in a patient with a large multiloculated 
mucinous cystadenocarcinoma. One of the locules is complicated 
by hemorrhage; intracellular methemoglobin is low in signal 
intensity on T2-weighted images (arrows). Hemorrhage into a 
tumor locule is common with mucinous neoplasms. Borderline 
mucinous tumor at 3 T. Transverse T2-weighted ETSE (b) and 
Tl -weighted gradient-echo (c) images in a different patient show 
a large multiloculated mucinous that had borderline features on 
histological evaluation. Note the differing signal intensity within 
the locules, best seen on the Tl -weighted image (arrow, c). 






Fig. 15.42 Mucinous cystadenocarcinoma. Transverse 512-resolution T2-weighted ETSE (a) and gadolinium-enhanced Tl- 
weighted fat-suppressed gradient-echo (b) images in a patient with advanced mucinous ovarian cancer. A large cystic mass with 
septations and nodules (arrows, a) is present. After contrast, the enhancing tumor excrescences are well shown (arrow, b). 





Fig. 15.43 Mucinous cystadenocarcinoma. Coronal T2-weighted SS-ETSE (a), transverse fat-suppressed T2-weighted 
ETSE (b), and sagittal gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo (c) images show a large multiseptated 
mass (arrowheads). The postgadolinium image (c) shows enhancement of the septations and mass effect on the uterus (u, c). 
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Fig. 15.43 (Continued) Endometrioid adenocarcinoma. Coronal id) and transverse (e) T2-weighted ETSE and transverse 
gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo (/") images in a different patient show a left ovarian mass that is 
predominantly cystic with solid components (arrowheads, d-f). 
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Fig. 15.44 Clear cell carcinoma. Sagittal (a) and transverse (b) T2-weighted ETSE, Tl -weighted SE (c), and gadolinium- 
enhanced Tl -weighted fat-suppressed gradient-echo id) images in a 51 -year-old woman with an ovarian mass. A large, primarily 
unilocular cystic lesion with peripheral masses (M, a-c) arises from the pelvis. The masses enhance after contrast (M, d).This 
appearance is typical of clear cell carcinoma. 





Fig. 15.44 {Continued) 





Fig. 15.45 Clear cell carcinoma. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced fat-suppressed Tl -weighted gradient- 
echo Qf) images show a cystic mass with solid enhancing components (arrowheads). Borderline clear cell adenofibromatous 
tumor. Transverse T2-weighted ETSE (c) and gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo id) images show a 
complex multicystic mass with solid enhancing components with a spongy appearance. 
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Fig. 15.46 Clear cell carcinoma with hemorrhage. Transverse T2-weighted ETSE (a) and out-of-phase (£>), fat-suppressed 
(c), and gadolinium-enhanced fat-suppressed id) Tl -weighted gradient echo images show a right ovarian mass (arrow) with signal 
intensity consistent with hemorrhage and a small nodular component (arrowhead). A small amount of enhancement is seen, although 
difficult to appreciate in a background of high-signal-intensity blood products because of dynamic range effects. Pathologic evalu- 
ation revealed clear cell carcinoma with no evidence of endometriosis. 



are usually large (average 18 cm) and unilateral [12]. 
Identification of fat within a large, invasive ovarian mass 
suggests the diagnosis (figs. 15.50 and 15.51). They tend 
to spread by seeding the peritoneum. The peritoneal 
implants may show spontaneous maturation into benign 
tissues, typically glial [127]. 

Other, rarer malignant germ cell tumors do not have 
specific imaging characteristics but also tend to present 
as aggressive ovarian masses in young women. These 
include mixed malignant germ cell tumor, embryonal 
cell tumor, and primary ovarian choriocarcinoma. 



Sex Cord-Stromal Origin 

Masses arising from the specialized gonadal stroma 
account for 5% of all ovarian neoplasms [127]. These 
are classified according to differentiation toward ovarian 
follicles, testicular tubules, Leydig cells, or adrenal cor- 
tical cells [127]. Granulosa cell tumors are the most 
common of this category, followed by fibrothecoma/ 
fibroma (benign tumors), and Sertoli-Leydig cell tumors. 
Granulosa cell tumors are divided into adult and juve- 
nile types, and both excrete estrogen. This can cause 
pseudoprecocious puberty in children and uterine 
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Fig. 15.47 Poorly differentiated adenocarcinoma. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced Tl -weighted 
fat-suppressed gradient-echo (b) images in a patient with poorly-differentiated ovarian adenocarcinoma and endometrial cancer. A 
large cystic/solid mass is present in the pelvis, representing ovarian carcinoma. A separate high-signal tumor (arrow, a) is appreci- 
ated in the lower endometrial canal, consistent with endometrial carcinoma. 





Fig. 15.48 Endodermal sinus tumor. Sagittal (a) and transverse 
Qf) T2-weighted ETSE images in a young girl with an endodermal sinus 
tumor. A large tumor originates in the ovary and has spread contiguously 
into the abdomen and spine (t, a, b). These tumors tend to be solid and 
are very aggressive, with rapid growth and a poor prognosis. 
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Fig. 15.49 Endodermal sinus tumor with peritoneal and hematogenous metastases. Coronal T2-weighted SS-ETSE id) 
and gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo (b) and axial T2-weighted ETSE (c) and gadolinium-enhanced 
fat-suppressed Tl-weighted gradient-echo id) images show a large mass (arrowheads, a, b) with cystic and solid components ema- 
nating from the pelvis. Liver metastases (arrows, a-d) and ascites are present, with seeding of the omentum (arrowheads, d). 



bleeding in adults. There is an association with endo- 
metrial hyperplasia, polyps, and cancer. A variety of 
histologic patterns are seen, and the gross appearance 
is also variable, ranging from predominantly solid to 
unilocular to multicystic [128]. On MR images, granulosa 
cell tumors are typically solid, with variable amounts of 
cystic change and intratumoral hemorrhage (fig. 15.52). 
These tumors are of intermediate signal intensity on 
Tl-weighted images and heterogeneously high signal 



intensity on T2-weighted images. After gadolinium, 
solid areas enhance while areas of cystic change or 
hemorrhage do not. Local invasion, especially into the 
sacrum, is well seen with sagittal imaging. Also well 
demonstrated on sagittal images are the associated 
uterine changes due to hormone elaboration, which are 
seen in most patients and include uterine enlargement 
and thickening of the endometrium (fig. 15.53) [106, 
1291. Because of early presentation, surgery is often 




Fig. 15.50 Immature teratoma. Transverse T2-weighted ETSE (a, b) and contrast-enhanced Tl -weighted fat-suppressed gra- 
dient-echo (c, d) images. A complex cystic and solid mass occupies the abdomen and pelvis (arrowheads, a-d). Immature teratomas 
are composed of amorphous embryonic elements, which accounts for their markedly disorganized appearance in contrast to the 
more regular and recognizable elements associated with mature teratomas. Immature teratoma. Sagittal Tl -weighted gradient 
echo out-of-phase (e) and gadolinium-enhanced Tl -weighted fat-suppressed gradient-echo (/) images in a different patient show a 
complex cystic with small foci of fat (arrowheads, e) and extensive internal enhancement (arrowheads, /). 
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Fig. 15.51 Mature and immature teratomas. T2-weighted ETSE (a), Tl-weighted SE (£>), Tl-weighted fat-suppressed gradient- 
echo (c), and gadolinium-enhanced Tl-weighted fat-suppressed gradient-echo (d) images in a patient with complex right adnexal 
masses. The two masses have variable amounts of fatty elements, which are high in signal intensity on the conventional Tl-weighted 
SE image and suppress on the fat-suppressed images (short arrows, b, c). Note that some of the high-signal-intensity foci in the 
larger mass retain their high signal intensity on the fat-suppressed images, which is consistent with coexisting hemorrhage (long 
arrow, b, c). The smaller posterior mass shows nearly complete suppression on the fat-suppressed image (arrowheads, c). After 
contrast, there is a profusion of solid tissue enhancing in the larger mass (open arrows, d). The smaller mass does not enhance 
appreciably, which is consistent with a cystic structure (arrowheads, d). Extensive solid elements in a fat-containing mass are atypi- 
cal of a dermoid cyst and should raise the suspicion of an immature teratoma. This was proven at surgery, whereas the posterolateral 
mass turned out to be a mature teratoma (dermoid cyst), (reprinted with permission from Outwater EK, Dunton CJ: Imaging of the 
ovary and adnexa: clinical issues and applications of MR imaging. Radiology 194: 1-18, 1992.) 
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Fig. 15.52 Granulosa cell tumor. Transverse T2-weighted ETSE (a) and gadolinium-enhanced Tl -weighted fat-suppressed 
gradient-echo (b) images in a woman with a granulosa cell ovarian tumor. The tumor is heterogeneous on the T2-weighted image, 
and after contrast the solid elements enhance. Necrotic foci interspersed in an otherwise solid mass are a common feature of 
granulosa-cell tumors (arrows, b). Transverse 512-resolution T2-weighted ETSE (c, d) images 9 months later show interval growth 
of tumor and increasing necrosis. Note that the bladder is displaced anterolaterally by the mass. Low signal intensity in the depen- 
dent portion of the bladder reflects excreted concentrated gadolinium (arrowheads, c, d). 



curative; however, they have been reported to recur fibrosarcoma, 

(fig. 15.54). sarcoma [12]. 



lymphoma, and endometrial stromal 



Other Primary Ovarian Tumors 

Almost all types of soft tissue tumors, benign and malig- 
nant, have been reported to arise within the ovary. 
These tumors are similar in appearance to their coun- 
terparts elsewhere within the body. The most common 
mesenchymal tumors are those of smooth muscle origin, 
mostly benign leiomyomas. The MRI appearance of 
malignant transformation of a benign leiomyoma has 
been reported [131]. Leiomyosarcomas are rare [12]. 
Also reported are carcinosarcoma (also called malignant 
mixed mullerian tumor) (fig. 15.55), lipoleiomyoma, 
hemangioma, myxoma, fibrosarcoma, rhabdomyosar- 
coma, schwannoma, osteosarcoma, chondrosarcoma, 



Secondary Ovarian Malignancy 

Lymphoma 

Although rare cases of primary ovarian lymphoma have 
been reported, with curative oophorectomy [12], most 
ovarian involvement with lymphoma is part of dissemi- 
nated disease (fig. 15.56). The most common forms of 
lymphoma to involve the ovary are non-Hodgkin in 
children and younger women and large cell, typically 
in adults. The diagnosis of lymphoma may be suspected 
when bilateral masses are seen with homogeneous 
hypointensity on Tl -weighted images and homoge- 
neous slight hyperintensity on T2-weighted images. 
Contrast enhancement is mild to moderate and best 
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Fig. 15.53 Granulosa cell tumor and endometrial hyper- 
plasia. Coronal T2-weighted SS-ETSE (a) and gadolinium-enhanced 
fat-suppressed Tl -weighted gradient-echo Qf) images and oblique 
T2-weighted ETSE short-axis view of the uterus (c) in a patient 
with postmenopausal bleeding show a left ovarian mass with solid 
and cystic components (arrow, a, b) and a thickened endome- 
trium (arrow, c). 




seen with fat suppression techniques [132]. Physiologic 
follicles may be preserved [133]. 

Metastases 

Metastases account for 10% of tumors seen in surgical 
series; however, few present as a primary ovarian mass 



[12]. The most common sites of origin are colon, 
stomach, breast, and hematopoietic tissues [134]. The 
functioning, highly vascularized ovaries of premeno- 
pausal women are more receptive to metastatic deposits 
than the ovaries of older women. Of patients with the 
common primary malignancies, those with ovarian 
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Fig. 15.54 Recurrent granulosa cell tumor. Sagittal (a) and transverse (b) T2-weighted SS-ETSE and sagittal (c) and transverse 
id) gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo images in a patient treated for granulosa cell tumor show a 
large, multiseptated mass (arrowheads). The septations and solid components enhance on postgadolinium images (c, d). 



involvement are on average significantly younger than 
women without ovarian involvement [134]. The mode 
of spread of metastatic disease can be one of several: 
direct extension from adjacent organs, hematogenous, 
lymphatic, or serosal implantation of cells shed into the 
peritoneal cavity. The term Krukenberg tumor specifi- 
cally refers to tumors in which malignant mucin-filled 
signet ring cells are found within the abundant and 
hypercellular ovarian stroma [12]. While this term is 
classically associated with tumors of gastric origin, 
tumors arising from the breast, colon, and appendix can 
also give rise to these histologic features. Tumors from 
the gallbladder, pancreas, biliary tract, urinary bladder, 
and cervix are less common sources of this tumor type 
[134]. Almost all patients die within a year of diagnosis 
of Krukenberg tumors. 



The gross appearance of metastatic disease to the 
ovaries varies with the primary malignancy and route 
of spread. The ovary may retain its shape but enlarge, 
may be replaced by a multicystic mass with solid com- 
ponents, or may exhibit tumor nodules on its surface. 
Ovaries may also be of normal size but have wide- 
spread lymphatic involvement. The MR appearance 
of metastatic disease to the ovary is likewise variable 
(figs. 15.57-15.59). Although rare, metastatic melanoma 
in the ovary may be differentiated from other masses 
in a patient with the appropriate history if melanin 
is present; in these cases, peripheral high Tl signal 
may be noted within the mass [135]. Krukenberg 
tumors generally have both cystic and solid components 
(fig. 15.58). The cystic components will be variable 
in signal on Tl-weighted images, largely reflecting 
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Fig. 15.55 Ovarian carcinosarcoma. Sagittal T2-weighted ETSE (a) and gadolinium-enhanced fat-suppressed Tl -weighted (b) 
images show a large, predominantly solid mass (arrowheads) with heterogeneous enhancement and areas of necrosis. Also known 
as malignant mixed mesodermal tumor, this rare aggressive primary ovarian cancer responds poorly to platinum-based chemotherapy 
compared to serous cystadenocarcinoma. 





Fig. 15.56 Disseminated lymphoma. Transverse 512-resolution T2-weighted ETSE (a), coronal T2-weighted SS-ETSE (b, c), 
and transverse gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo id) images in a woman with disseminated lym- 
phoma. Primary lymphoma of the ovary is rare, and ovarian involvement usually is seen in the setting of diffuse disease. A large 
mass (m, a-d) occupies the pelvis and obstructs the right distal ureter. Contiguous coronal SS-ETSE images highlight the pelvo- 
caliectasis and proximal ureterectasis (arrows, b, c). After contrast, the lymphomatous mass enhances in a mildly intense and 
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Fig. 15.56 (Continued) heterogeneous fashion. The uterus is displaced inferiorly (arrowhead, b). Discrete ovaries were not 
identified on any of the imaging sequences. At surgery, disseminated non-Hodgkin lymphoma with invasion of the adnexa was 
found. This pattern of enhancement is typical of lymphoma with mild enhancement and slight heterogeneity, with usually negligible 
necrosis despite large tumor size (compare to cystic ovarian cancers). 





Fig. 15.57 Recurrent mullerian duct cancer metastatic to the ovaries. Proton density (a) and gadolinium-enhanced Tl- 
weighted fat-suppressed SE (b) images in a woman with recurrent mullerian-duct cancer. Note the left pelvic mass, which invades 
the obturator externus muscle (curved arrow, a). Associated thickening of the left bladder wall (arrowhead, a) and levator ani 
muscle (straight arrow, a) suggests that the imaging findings may be related to previous radiotherapy. However, at a slightly higher 
level after contrast, bilateral adnexal masses are present that demonstrate heterogeneous enhancement, consistent with metastases 
to the ovaries (open arrows, b). Cancers of uterine origin are among the more common primary tumors to metastasize to the ovaries. 



the content of mucin and or blood, both of which 
will appear high signal. Cystic regions are generally 
high signal on T2 but may be variable for the same 
reasons as Tl, and the cystic component will show 
lack of enhancement on postgadolinium images. The 



solid components may be hypointense on Tl-and T2- 
weighted images; this corresponds to areas of dense 
collagenous stroma (fig. 15.59). The solid components 
may show intense enhancement after gadolinium 
[136-138]. 
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Fig. 15.58 Krukenberg tumors. Gadolinium-enhanced 
Tl -weighted fat-suppressed SE image in patient with malignant 
signet cell metastases to the ovaries from primary colon cancer. 
Malignancies that cause Krukenberg tumors include gastric, pan- 
creas, breast, colon, and gallbladder carcinomas. Involvement is 
often bilateral; the ovaries are enlarged but retain an ovoid 
morphology (arrows). The metastases are primarily solid, though 
cystic regions are common. Gadolinium-enhanced Tl -weighted 
fat-suppressed technique is helpful to demonstrate ovarian involve- 
ment as well as coexisting peritoneal disease. 






Fig. 15.59 Krukenberg tumor. Transverse T2-weighted ETSE (a) and sagittal gadolinium-enhanced fat-suppressed Tl -weighted 
gradient-echo (£>) images in a patient with colon cancer show a heterogeneous right ovarian mass (arrowheads, a, b) with areas of 
low signal intensity on T2-weighted images (a) and heterogeneous enhancement (£>). A smaller metastasis to the left ovary was 
present (not shown). 



Malignant Disease of the Fallopian Tube 

Primary Fallopian Tube Carcinoma 

Primary fallopian tube carcinoma is a rare disease entity 
with a reported incidence in the United States of 3.6 cases 
per million women per year [139]. It comprises only 0.5% 



of all gynecologic tumors. The most common histology 
is adenocarcinoma; sarcomas (leiomyosarcoma, carcino- 
sarcomas, and mixed mullerian tumors) and choriocarci- 
noma are even more rare. The typical patient is older 
(average age 55) and presents with such nonspecific 
symptoms as abdominal pain, abnormal vaginal bleed- 
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ing, and vaginal discharge [140]. The poor prognosis of 
fallopian tube malignancies relates to the late stage at 
diagnosis rather than to a particular aggressiveness of the 
tumor; the average 5-year survival is less than 50%. At 
presentation most women have widespread disease; 
the tumor can spread directly through the fimbriated 
end of the tube, through the wall of the tube, or via 
the lymphatics to the para-aortic, iliac, and lumbar nodes 
as well as to the ovaries, other pelvic organs, or more 
distant sites. The prognosis is dependent on disease 
burden at diagnosis. Both FIGO staging and an alterna- 
tive similar to the Duke classification for colon cancer 
have been advocated [1391. Treatment is primarily surgi- 
cal; adjuvant chemotherapy is also used. Radiation 
therapy at present does not appear to confer additional 
benefit. 

The MR appearance of fallopian tube carcinoma has 
been described, and the tumor has been diagnosed 



preoperatively [141]. Typically, a small adnexal mass is 
seen with low Tl signal and high T2 signal. Enhancement 
is seen after the administration of gadolinium (fig. 
15.60). Associated findings include hydrosalpinx, peri- 
tumoral ascites, and intrauterine fluid [140]. 

Metastases 

Metastatic disease involving the fallopian tube is more 
common than primary carcinoma and is generally the 
result of direct extension from the ovary, endometrium, 
or cervix. Tumors arising outside of the genital system 
that can metastasize to the tubes include breast and 
gastrointestinal cancers. Lymphatic spread accounts for 
the majority of this involvement. The appearance of 
metastatic disease to the fallopian tubes has not been 
described in series. Anecdotal reports suggest that the 
appearance is similar to that of ovarian metastatic 
disease (fig. 15.61). 





Fig. 15.60 Fallopian tube adenocarcinoma. Sagittal (a) and 
transverse (b) 512-resolution T2-weighted ETSE and gadolinium- 
enhanced Tl-weighted SE (c) images. The fallopian tube is shown as 
a dilated tubular structure (arrows, a) that contains solid tumor com- 
ponents (large arrow, a, b). Heterogeneous enhancement of the 
tumor nodules is present (arrow, c) after gadolinium administration. 
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Fig. 15.60 (Continued) Fallopian tube papillary serous carcinoma. Sagittal id) and transverse (e) T2-weighted ETSE and 
transverse gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo if, g) images in a different patient show a heterogeneous 
and necrotic pelvic mass (arrowheads, d-g). A portion of the dilated fallopian tube is seen (arrow, d-f). 



CONCLUSION 



MRI offers distinct advantages over other modalities in 
the characterization of adnexal lesions, not only with 
regard to their organ of origin but also with regard to 
their pathology. Teratomas, endometriomas, simple and 



hemorrhagic cysts, fibromas, and hydrosalpinges can 
be diagnosed with a high degree of confidence. MRI 
may also be the most sensitive technique for the detec- 
tion of peritoneal spread of ovarian carcinoma. In 
women of childbearing age and in women who are 
pregnant, the lack of ionizing radiation and the safety 





Fig. 15.61 Endometrial carcinoma metastatic to the fallopian tubes. Transverse (a, b) and sagittal (c) high-resolution 
T2-weighted ETSE and transverse (d, e) and sagittal (/") gadolinium-enhanced Tl -weighted fat-suppressed gradient-echo images in a 
woman with metastatic mixed papillary serous and clear cell endometrial carcinoma complaining of a change in bowel habits. The 
endometrium is expanded and contains intermediate- and high-signal-intensity elements on the T2-weighted image (c). The junc- 
tional zone is effaced posteriorly (open arrows, c). Bilateral adnexal cystic masses compress and surround the sigmoid colon (arrows, 
a). The contents of the left fallopian tube appear complex; there is blood dependency (hematosalpinx) (long arrow, b) and nodu- 
larity of the tube wall (short arrow, b). The ovaries (not shown) were displaced anteriorly and superiorly by the diseased tubes. 
After contrast, the viable endometrial tumor enhances and scallops the posterior myometrium (open arrows, d,f). The compressed 
wall of the sigmoid colon is tethered and adherent to the dilated fallopian tubes (solid arrows, d, e). 
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of gadolinium are of paramount importance. Several 
studies have attempted to address the possible cost 
savings of MRI in the management of women with a 
variety of gynecological disorders [142-144]. Further 
work is needed in this era of rising health care costs to 
determine the best utilization of this technique. 
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PREGNANCY AND FETUS 



LORENE ROMINE, REENA CHOPRA, KATARINA KOPRIVSEK, 
WAQAS QURESHI, RICHARD C. SEMELKA, and MICHELE A. BROWN 



he choice of diagnostic imaging techniques in 
pregnant patients is limited by the potential risks 
to the fetus. Because low-dose irradiation of a fetus may 
increase the likelihood of childhood cancer, the use of 
ionizing radiation during pregnancy should be avoided 
whenever possible. As magnetic resonance imaging 
(MRI) does not employ ionizing radiation and there is 
no evidence of teratogenic or other adverse fetal effects 
to date [1-5], it is being increasingly used for imaging 
pregnant women. Ultrasonography is routinely used in 
the initial evaluation of the fetus and pregnant woman 
because it is safe, inexpensive, and widely available. In 
experienced hands, ultrasound is highly accurate in the 
diagnosis of maternal complications associated with 
pregnancy; however, if ultrasound findings are unclear 
or additional information is desired, MRI may be helpful 
(figs. 16.1 and 16.2). For fetal assessment, the role of 
MRI has increased with the advent of ultrafast sequences. 
Fast MR imaging techniques provide excellent resolu- 
tion for imaging of the fetal and maternal anatomies 
without the need for sedation, and multiple studies have 
reported encouraging results regarding MRI in the eval- 
uation of fetal and maternal disorders [6-12]. 



MRI SAFETY 



At present, there is no clinical or experimental evidence 
of teratogenic or other adverse fetal effects from MR 
imaging in pregnancy [1, 3, 4, 13, 14], although a few 
studies have demonstrated that prolonged or high-level 
exposure to electromagnetic radiation might result in 
disorders of embryogenesis and teratogenicity in labora- 
tory animals [14, 151 In a survey of female MR workers, 
no substantial increase in adverse pregnancy outcome 
was found [16]. The safety concern arises from radio- 
frequency pulses, which result in energy deposition and 
potential tissue heating that are maximum at the body 
surface and approach zero near the body core [17]. The 
FDA regulates the amount of energy deposited by MR 
imaging, referred to as the specific absorption rate 
(SAR). No adverse fetal effects have been documented 
from MR imaging using routine sequences, even those 
associated with relatively high SAR. Several studies have 
failed to show any adverse long-term effects of fetal MR 
in children who were imaged as fetuses [14, 18-20]. 

It is generally suggested that MR be used in preg- 
nant patients only when ultrasound cannot answer the 
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Fig. 16.1 Uterine hematoma in a cornual pregnancy 
at 12 weeks of gestation. Coronal SS-ETSE image through the 
maternal pelvis shows a hypointense uterine hematoma (large 
arrow). Intrauterine growth retardation of the fetus was also 
present because of cornual implantation. A Foley catheter is 
seen in the maternal urinary bladder (small arrow). 



clinical question and the benefits of MR are felt to out- 
weigh theoretical risks [22]. Because of organogenesis, 
even greater caution should be used in the first trimes- 
ter. A statement from the National Institutes of Health 
Consensus Development Conferences on MRI indicated 
that "MRI should be used during the first trimester of 
pregnancy only when there are clear medical indica- 
tions and when it offers a definite advantage over other 
tests" [23]. It is important to remember, however, that 
the single greatest factor in morbidity and mortality of 
the pregnant patient with acute abdominal disease is 
delay in diagnosis [24]. 

Gadolinium-based contrast agents (GBCAs) used in 
MRI have been demonstrated to cross the placental 
barrier when injected into primates. These agents are 
then excreted by the fetal urinary tract into the amniotic 
cavity, and subsequently swallowed by the fetus [25]. 
The gadolinium-chelate molecules remain in the amni- 
otic fluid for an indeterminate amount of time and may 
undergo dissociation during this time, releasing toxic 
free gadolinium ions into the amniotic fluid [26]. This 
raises concerns that the gadolinium may be incorpo- 
rated into the developing fetal tissues, as free gadolin- 




F i G . 16.2 Subchorionic hematoma. Sagittal SS-ETSE (a) 
and fat-suppressed SGE (b) images through the maternal pelvis 
show lenticular area of decreased signal intensity on the T2- 
weighted image (arrows, a) and moderately high signal on 
the SGE image (arrows, £>), consistent with a subchorionic 
hematoma. Note the peripheral rim of higher signal intensity 
on the SGE sequence indicating subacute hemorrhage. A, amni- 
otic fluid; Bl, maternal bladder. 



ium has been shown to be taken up by liver and bone 
in rodents after intravascular administration of GBCA 
[27] and by bone in humans [28]. The impact of this is 
as yet unknown, and the American College of Radiology 
has recommended that gadolinium be administered in 
pregnancy only when there is "an overwhelming poten- 
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tial benefit to the patient or fetus outweighing the theo- 
retic but potentially real risks of long-term exposure of 
the developing fetus to free gadolinium ions" [26]. 
Although a study performed in pregnant mice with 
gadopentetate dimeglumine injected into the peritoneal 
cavity failed to demonstrate any adverse effects [29], 
GBCAs have been shown to increase skeletal malforma- 
tions in animal studies and are considered pregnancy 
category C drugs by the FDA [30]. 

For these reasons, initial noncontrast MR images 
should be reviewed in all cases before the decision to 
administer contrast is made. If the use of gadolinium- 
based contrast agents is deemed essential, specific 
avoidance of linear nonionic GBCAs (i.e., Omniscan 
and Optimark) is strongly recommended. These agents 
have a lower conditional stability than the other GBCAs 
and therefore have a greater tendency to dissociate, 
with free gadolinium identified as being deposited in 
bone [27, 28]. Macrocyclic agents have the highest sta- 
bility (ProHance, Dotarem, and Gadovist) and may be 
preferred, and agents with higher Tl relaxivity and 
good stability (MultiHance) may be considered as they 
can be administered in lower dose [31]. Long-term 
animal studies have not been performed to evaluate the 
carcinogenic potential of GBCAs, but no carcinogenic 
effects have yet been demonstrated. When contrast is 
needed, informed consent should be obtained. 



MRI TECHNIQUE 

Although no specific patient preparation is absolutely 
required, patients may be best imaged with an empty 
bladder after fasting for at least 4 hours. A distended 
bladder may produce motion-related artifact in the 
phase-encoding direction. However, some investigators 
recommend drinking a negative oral contrast agent 1 
hour before the study in order to negate any signal 
within the bowel lumen on Tl- and T2-weighted images 
[24]. Imaging is performed with the patient supine 
unless she is in late pregnancy, in which case a decu- 
bitus position is preferred to decrease pressure on the 
inferior vena cava. A phased-array coil should be used. 
It is helpful to place a saturation band over the fat in 
the anterior abdominal wall to minimize artifact on non- 
fat-suppressed sagittal images, and it may be helpful to 
use an anterioposterior frequency-encoding direction 
for axial images. 

For evaluation of fetal anomalies, ultrafast sequences 
such as T2-weighted single-shot echo-train spin-echo 
and T2-/T1 -weighted steady-state free-precession gradi- 
ent echo are used. If there is concern for hemorrhage, 
a Tl -weighted sequence is added. Some centers are 
now using diffusion-weighted imaging (DWI) and MR 
spectroscopy to further evaluate the fetal brain. 



Diffusion-weighted imaging can be rapidly obtained in 
less than a half a second, and is particularly useful in 
evaluating hypoxic/ischemic injury [32]. DWI has also 
shown promise for evaluation of fetal lung maturity, as 
well as assessing for cystic renal disease and renal func- 
tion [32, 331 In cases of suspected appendicitis, a fat- 
saturated T2-weighted image is helpful to better visualize 
inflammatory fluid. Thick-slab T2-weighted echo train 
spin-echo images are used for MR urography as well as 
MR cholangiography in cases of suspected maternal 
disease. 



MATERNAL IMAGING 

MRI has been shown to be useful in the diagnosis of 
maternal complications during pregnancy. Physical 
examination in pregnancy is impaired by the presence 
of the gravid uterus, making assessment of abdominal 
or pelvic pathology difficult. Although CT is well estab- 
lished in the evaluation of acute abdominal pain, this 
exposes the fetus to ionizing radiation and should be 
avoided if possible. Ultrasonography remains the 
primary imaging modality; however, its value is limited 
by the enlarged uterus as well as lack of tissue specific- 
ity. MRI provides excellent anatomic detail without 
ionizing radiation and therefore is a useful adjunct in 
the characterization of abdominal and pelvic disease. 
MR has been shown to be helpful in evaluation of 
acute appendicitis, adrenal gland pathology, pancreati- 
tis, inflammatory bowel disease, uterine fibroids, and 
adnexal masses [24, 34]. 

Acute appendicitis is the most common nonobstet- 
ric surgical condition in pregnant patients [35, 36]. 
Physical exam and imaging evaluation are made difficult 
by the enlarging uterus, which often displaces the 
appendix cephalad. In pregnant patients, fetal loss rate 
has been reported as <2% without rupture and 30% with 
ruptured appendicitis [37]. Pregnant patients with acute 
appendicitis may be misdiagnosed because the location 
of pain is not typical [38], and because symptoms and 
signs of appendicitis such as nausea, vomiting, and 
leukocytosis may occur physiologically during preg- 
nancy. The MR appearance of appendicitis includes an 
enlarged appendix, periappendiceal fluid or inflamma- 
tion, and/or abscess formation (fig. 16.3). MR can also 
demonstrate the normal appendix, which helps exclude 
the diagnosis of acute appendicitis. In retrospective 
studies evaluating pregnant patients with MRI, the 
appendix was seen in 83-91% of the patients in four 
studies [39-42] but in only 52% of patients in a recent 
study [431 Although the appendiceal detection rate is 
rather low in the more recent study, this still represents 
a significant improvement over ultrasound, where the 
appendix was demonstrated in only 22% of the same 





Fig. 16.3 Acute appendicitis in pregnancy. Transverse T2-weighted SS-ETSE (a) and fat-suppressed T2-weighted SS-ETSE 
(b) images in a pregnant patient with right lower quadrant pain show an enlarged appendix (arrow) with periappendiceal inflam- 
mation. Fat-suppressed T2-weighted sequences (b) help increase the conspicuity of inflammation while avoiding gadolinium. In a 
different patient, transverse (c) and sagittal id) gadolinium-enhanced fat-suppressed Tl-weighted gradient echo images demonstrate 
appendicitis with a subhepatic abscess (arrow, c, d). In a third patient, coronal (e,f) and transverse (g) T2-weighted SS-ETSE images 




Fig. 16.3 (Continued) and transverse fat-suppressed T2-weighted SS-ETSE image (h) again show an enlarged appendix (arrows) 
with periappendiceal inflammation in the third trimester of pregnancy. Transverse (i,j), sagittal (k, /), and coronal (m) T2-weighted 
SS-ETSE (/, k, m) and fat-suppressed T2-weighted SS-ETSE (j, /) images from a fourth patient demonstrate more subtle findings of 
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Fig. 16.3 (Continued) acute appendicitis. The fluid-filled appendix is mildly dilated (arrows) with a small amount of periap- 
pendiceal fluid. Normal appendix (arrow, n) in a pregnant patient for comparison. Coronal T2-weighted SS-ETSE image shows a 
nondilated appendix with no adjacent inflammation. 



patients. To date, two studies have estimated the sen- 
sitivity, specificity, and negative predictive values for 
MRI in pregnant patients with suspected appendicitis at 
80-100%, 93.6-100%, and 94-97%, respectively. Positive 
predictive value estimation has been inconsistent, 
reported as 1.4-100% in these studies, with the lower 
rate influenced by the low incidence of positive cases 
[40, 43]. 

MRI may also elucidate other gastrointestinal disor- 
ders as the cause of abdominal pain during pregnancy 
(fig. 16.4). Identification of those patients who might 
require immediate intervention, such as those with 
bowel obstruction, abscess, toxic megacolon, or bleed- 
ing, is important. Bowel obstruction is well depicted 
with MR imaging, particularly with single-shot echo- 
train spin echo-sequences. The etiology of obstruction, 
whether adhesion, inflammatory bowel disease, intus- 
suception, or other, may also be evident with MRI. 
Cholelithiasis is easily diagnosed with ultrasound; 
however, the diagnosis of choledocholithiasis is more 
difficult. MR cholangiopancreatography (MRCP) is an 
accurate method for detecting stones in the ductal 
system. Pancreatitis secondary to gallstones may be 
diagnosed clinically; however, MRI may be helpful in 
identifying complications [24]. 

Hydronephrosis is common during pregnancy, 
because of smooth muscle relaxation in the ureters and 



hormonal changes as well as extrinsic compression by 
the gravid uterus [40]. This usually requires no interven- 
tion. It is occasionally necessary to exclude obstructing 
ureteral stone as the cause of hydronephrosis, and this 
may be difficult with ultrasound. On MR urography, 
physiologic hydroureter appears as a tapered narrowing 
at the sacral promontory with a collapsed pelvic ureter 
(fig. 16. 5), while an obstructing stone appears as a 
convex filling defect at the midureter or vesicoureteral 
junction with a dilated ureter proximally [44, 45]. It is 
often helpful in these cases to position the patient with 
the symptomatic side up to decrease uterine pressure 
on the pelvic brim, which could potentially hinder 
identification of a distal ureteral stone. Pyelonephritis is 
more common in pregnant than nonpregnant patients 
because of urinary stasis (fig. 16.6, see Chapter 9). While 
the diagnosis is usually made based on clinical param- 
eters, MR imaging is useful to detect or exclude com- 
plications that require intervention such as perinephric 
abscess. 

Uterine leiomyomas demonstrate the same imaging 
characteristics during pregnancy as in the nongravid 
uterus. However, they may outgrow their vascular 
supply, resulting in degeneration. Most commonly hem- 
orrhagic infarction and necrosis, the so-called red 
degeneration, will be seen and the leiomyoma thus 
presents with peripheral or diffuse high signal intensity 
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Fig. 16.4 Acute gastrointestinal disease in four different 
pregnant patients. Coronal T2-weighted SS-ETSE image (a) shows 
multiple dilated loops of small bowel (white arrowheads) with an 
unusual filling defect (black arrowhead). Surgery revealed intus- 
susception. The gravid uterus is partially seen in the pelvis (arrow). 
In a second patient, who was known to have Crohn disease, 
transverse gadolinium-enhanced fat suppressed Tl -weighted 
gradient echo image (£>) shows free fluid with diffuse enhancement 
of the peritoneum (arrowheads) consistent with peritonitis. In a 
third patient, known to have ulcerative colitis, transverse T2- 
weighted SS-ETSE (c) and gadolinium-enhanced fat-suppressed Tl- 
weighted gradient-echo (d) images show abnormally thickened 
colon (arrow, c, d) with marked enhancement id). Coronal T2- 
weighted SS-ETSE image (e) in another patient shows multiple 
dilated loops of small bowel (arrow) to the right of the gravid uterus 
in a patient small bowel obstruction at 36 weeks of gestation. 
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Fig. 16.4 (Continued) Oblique coronal thick slab MRCP 
image (/") shows two small stones in the common bile duct 
(arrow). Note the amniotic fluid in the gravid uterus and mild 
hydronephrosis . 





Fig. 16.5 Physiological hydronephrosis in a pregnant 
patient. Oblique coronal MR urography image shows bilateral 
hydronephrosis and smooth tapering of the left ureter at the 
pelvic brim (arrow) without dilation of the pelvic ureter, con- 
sistent with physiological hydronephrosis rather than ureteral 
stone. 




Fig. 16.6 Pyelonephritis. Coronal T2-weighted SS-ETSE 
image in a patient 2 1 weeks pregnant with right upper abdomi- 
nal pain and fever reveals right perinephric fluid (arrowheads) 
consistent with the clinical diagnosis of pyelonephritis. 
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Fig. 16.7 Red degeneration of leiomyoma during pregnancy. Sagittal T2-weighted SS-ETSE (a) and Tl -weighted gradient 
echo (b>) images reveal an 11 -cm subserosal leiomyoma in the lower uterine segment (arrows). The leiomyoma demonstrates mixed 
signal on T2-weighted images and diffuse hyperintensity on Tl-weighted images, consistent with red degeneration. Gravid uterus 
with 23-week fetus is partially visualized. 



on Tl-weighted images and variable signal intensities 
with or without low-signal-intensity rim on T2-weighted 
images (fig. 16.7) [46-48]. Leiomyomas may cause pain 
during pregnancy because of rapid growth, degenera- 
tion, or torsion. Large leiomyomas that undergo hemor- 
rhagic infarction may lead to significant pain and 
premature labor [49]. MRI has been shown to be useful 
in characterizing uterine leiomyomas during pregnancy 
[50]. Degenerating leiomyomas are characterized by 
central high signal intensity on T2-weighted images. 
Central necrosis may also contain high signal intensity 
on Tl-weighted images due to hemorrhagic compo- 
nents. Subserosal fibroids can undergo torsion as well 
as degeneration during pregnancy (fig. 16.8). Precise 
mapping of all leiomyomas should be performed with 
ultrasound early during pregnancy because evaluation 
will become more difficult during the second and third 
trimesters. When the gestational contents preclude 
accurate assessment with ultrasound, MRI is indicated. 
When multiple or large leiomyomas are present in the 
lower uterine segment, a decision may be made to 
perform cesarean section (fig. 16.9). By means of MRI, 
a leiomyoma might be identified as the source of a 
suspected adnexal mass (fig. 16.10). 

The diagnosis of an adnexal mass during pregnancy 
poses a diagnostic challenge. The most common adnexal 




Fig. 16.8 Torsed subserosal fibroid in a pregnant 
patient. Coronal T2-weighted SS-ETSE image in a patient with 
severe right lower quadrant pain shows a subserosal fibroid 
(arrow) with evidence of degeneration (white arrowhead) and 
a small amount of adjacent fluid (black arrowhead). At surgery, 
a pedunculated fibroid was found to be twisted 270°. 
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Fig. 16.9 Large uterine leiomyoma in two pregnant patients. Coronal (a, anterior; b, posterior) and sagittal (c, d) 
T2-weighted SS-ETSE images.The large uterine leiomyoma (arrows, a, b) shows multiple foci of increased signal intensity correspond- 
ing to areas of degeneration. Note also the normal pregnancy and placenta (black arrow, a). Coronal SS-ETSE (e) and coronal 
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Fig. 16.9 (Continued) gadolinium-enhanced fat-suppressed SGE (f) images in a second patient. An 8-cm leiomyoma arises from 
the right superolateral aspect of the uterus. The leiomyoma is low in signal intensity and well defined on the SS-ETSE image (black 
arrows, e), which is the typical appearance for a leiomyoma. Ill-defined subtle high signal intensity (white arrow, e) is appreciated 
on the T2-weighted image (e), which corresponds to a region of lack of gadolinium enhancement on the gadolinium-enhanced 
fat-suppressed SGE image (f), reflecting degeneration. Clear definition of the uterine origin of the mass was appreciated on images 
obtained in multiple planes. Gadolinium was administered in this patient because of clinical concern of malignant disease. Note 
that even though data acquisition is 20 s with the breath-hold SGE sequence (f), fetal motion blurs out definition of the fetus. In 
contrast, the 1-s data acquisition of SS-ETSE freezes fetal motion, rendering the fetus clearly defined. 



mass in a pregnant patient is a corpus luteal cyst. It 
usually measures less than 6 cm in size and does not 
enlarge during pregnancy. The criteria to differentiate 
benign and malignant ovarian lesions are described in 
Chapter 15, Adnexa. MRI allows differentiation of simple 
cysts from more complex lesions, and the relationship 
between the mass and the pregnant uterus can be 
established (fig. 16.11). Subserosal fibroids can be con- 
fused for adnexal masses, as discussed above, and MRI 
is helpful in making the distinction. Because of the 
increased pressure in the pelvic cavity, adnexal masses 
may undergo extrinsic compression, hemorrhage, or 
torsion and lead to exquisite abdominal pain [51]. 
Torsion is more common during pregnancy and may 
occur with or without an underlying mass. On MR 
imaging, a torsed ovary appears enlarged and edema- 
tous with increased stromal signal intensity on T2- 
weighted images [52] (fig. 16.12). 

Cervical carcinoma in association with pregnancy 
is rare, with an incidence of approximately 1 per 
1200-10,000 pregnancies. The association of cervical 



carcinoma with pregnancy, however, raises difficult 
management issues. MRI is currently the best imaging 
modality for evaluating pregnant patients with cervical 
carcinoma (fig. 16.13). With close surveillance, deliber- 
ate delay of therapy to achieve fetal maturity is a rea- 
sonable option for patients with early-stage cancer, 
since tumor characteristics and maternal survival are 
not adversely affected by pregnancy [53]. Other cervical 
masses may also be elucidated with MRI, such as 
cervical fibroids (fig. 16.14) or cervical endometriosis, 
visualization of which may be enhanced with utiliza- 
tion of vaginal gel [54]. MR signal characteristics 
are varied, but endometriomas of the cervix often 
demonstrate intermediate to high signal intensity on 
Tl -weighted images and lower signal intensity on T2- 
weighted images because of the presence of hemor- 
rhage (fig. 16.15). 

Other pelvic masses may also be further character- 
ized with MRI (fig. 16.16). Of particular note in preg- 
nancy is abdominal fibromatosis, a subset of abdominal 
desmoid tumors that occur in pregnancy, in the first 
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Fig. 16.10 Large subserosal leiomyoma mimics an ovarian mass in a pregnant patient. Coronal (a) and transverse (b) 
T2-weighted SS-ETSE, fat-suppressed T2-weighted SS-ETSE (c), and Tl -weighted gradient-echo id) images show a large mass arising 
from the uterus (arrow). Although signal intensity on T2-weighted images (a-c) is higher than seen in a typical fibroid, the myo- 
metrium is splayed (arrowheads) around the mass, indicating uterine origin. A fat plane is not observed between the mass and the 
uterus on the Tl -weighted image id). 



year postpartum, and in women taking oral contracep- 
tives (fig. 16.17). It is thought that estrogen serves as a 
growth factor for these tumors. The most frequent loca- 
tions are the rectus abdominus and internal oblique 
muscles of the anterior abdominal wall. On MRI, these 
lesions are typically heterogeneous in signal intensity. 
Lesions in the early stage are more cellular and dem- 
onstrate T2 hyperintensity. As the lesion evolves, it 



contains more collagen and less extracellular space and 
thus becomes less intense on T2-weighted images. 
Bands of T2 hypointensity are seen in the majority of 
cases. Treatment is with wide excision; nonoperable 
tumors may be treated with radiation and chemother- 
apy. There is a high rate of local recurrence. Spontaneous 
regression has been reported to occur after menopause 
or oophorectomy [55, 56]. 
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Fig. 16.11 Ovarian carcinoma in a pregnant patient at 28 weeks of gestation. Transverse (a) and coronal (b, c) T2- 
weighted single-shot ETSE and transverse fat-suppressed T2-weighted ETSE id) images of the maternal abdomen. A large mainly 
cystic lesion with a maximal diameter of 27 cm is seen (white arrows, a, c); the pregnant uterus is displaced to the right. Ascites 
is present id). Maternal hydronephrosis and dilated ureter (black arrows, a, c) are seen on the right side. 
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Fig. 16.12 Ovarian torsion in a pregnant patient. Trans- 
verse T2-weighted SS-ETSE shows an enlarged, edematous right 
ovary (arrow) with small peripheral follicles (p, placenta). 






Fig. 16.13 Cervical carcinoma. Sagittal T2-weighted ETSE id) and gadolinium-enhanced fat-suppressed Tl-weighted gradient- 
echo (b) images in a pregnant patient at 12 weeks of gestation. A 3-cm mass within the anterior cervix is of intermediate T2 signal 
intensity and enhances to a lesser degree than the adjacent cervix and myometrium. On transverse images, there was no definite 
evidence of parametrial extension (not shown). Note distension of vagina with vaginal gel (Surgilube), which improves visualization 
of cervical mass. 





Fig. 16.14 Cervical fibroid. Transverse T2-weighted (a), 
transverse Tl -weighted (&), and sagittal T2-weighted (c) TSE images 
in a pregnant patient at 14 weeks of gestation performed to evalu- 
ate cervical lesion seen on ultrasound. A well-circumscribed slightly 
T2-hypointense, Tl-isointense mass is seen within the right ante- 
rior cervix (arrows, a, c), consistent with a cervical fibroid. 





Fig. 16.15 Cervical endometriosis. Sagittal T2-weighted (a), sagittal Tl-weighted (£>), transverse T2-weighted (c), and trans- 
verse Tl-weighted id) TSE images of the cervix in a patient 26 weeks pregnant who presented with vaginal bleeding. A polypoid 
cervical mass was seen on physical exam. Images demonstrate a multilobulated mass centered at the posterior and right lateral 
cervix that extends into the posterolateral fornix. This demonstrates predominantly T2 hyperintensity and areas of Tl hyperintensity. 
Some blood products are noted in the cervical canal. Note also Tl hyperintense meconium in the fetal bowel (arrowhead, b). 
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Fig. 16.15 (Continued) 





Fig. 16.16 Pelvic masses in two different patients. 

Transverse (a) and sagittal (b) T2-weighted SS-ETSE images and 
transverse fat-suppressed Tl -weighted 3D gradient-echo image (c) 
in a patient 37 weeks pregnant. An irregular, 10-cm lobulated mass 
posterior to the vagina and anterior to the rectum (arrows) extends 
into the right ischiorectal fossa and demonstrates high fluid 
content and a thick wall. Increased Tl signal is present within the 
periphery of the mass. Pathology revealed a perivaginal sacrococ- 
cygeal teratoma. Coronal T2-weighted SS-ETSE images (d, e) to 
evaluate abdominal pain in a patient 18 weeks pregnant with a 
history of malignant peripheral nerve sheath tumor reveals peri- 
toneal carcinomatosis. There is a large volume of ascites and 
nodular thickening along the peritoneum. Gravid uterus is noted 
(U, e). 
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Fig. 16.17 Abdominal fibromatosis. Transverse Tl-weighted (a) and transverse (£>), coronal (c), and sagittal id) T2-weighted 
images demonstrate a mass arising from the anterior abdominal wall musculature (arrows) that is predominantly hypointense on 
both Tl- and T2-weighted images. Twin gestation is visualized (c). 



POSTPARTUM UTERUS 



The greatest reduction in size of the uterine corpus and 
cervix occurs within 1 week after delivery. The uterus 
has returned to its normal size by 6 months (fig. 16.18). 
The presence of acute or subacute blood in the endo- 
metrial cavity is a common occurrence in the immediate 
postpartum period and resolves usually within 1 week. 
The junctional zone will be visualized again 2 weeks 



after delivery, with a complete reconstitution after 6 
months. A small amount of free pelvic fluid is a normal 
finding in the postpartum patient [57, 58]. 

In women undergoing cesarean section, the inci- 
sion is typically seen as an area of moderately high 
signal intensity on both Tl- and T2-weighted sequences, 
suggesting the presence of a subacute hematoma within 
the myometrium, although the signal intensity may be 
variable [57] (fig. 16.19). 




Fig. 16.18 Postpartum uterus. Sagittal T2-weighted echo-train spin-echo sequence (a) 24 hours, (b) 1 week, (c) 1 month, (d) 
2 months and (e) 6 months after delivery.Acute and/or subacute blood is shown within the endometrial cavity (E) in the first week 
postpartum (a,£>).The outer cervical stroma or smooth-muscle layer is hyperintense (curved arrows, a) in the first 30 hours after 
delivery. The inner fibrous stroma, however, remains hypointense throughout the postpartum period (a-e). The myometrium is of 
intermediate and heterogeneous signal intensity during the early postpartum period (a-c). By 6 months, complete reconstitution 
of the junctional zone (JZ) is evident (e). Note the gradual decreases in size of the uterus from (a) to (e). 



Fig. 16.19 Postcesarean section uterus. Sagittal T2-weighted fat- 
suppressed echo-train spin-echo sequence in a patient 5 days after cesar- 
ean section. A hypointense scar is visible in the lower uterine segment 
(small arrows), as well as a bladder flap (curved arrow). The low signal 
intensity of the endometrial cavity (E) is due to the presence of acute 
and/or subacute blood. The lack of zonal differentiation of the myome- 
trium are normal findings in the early postpartum period. Bl, bladder. 




POSTPARTUM UTERUS 



1577 




Fig. 16.20 Uterine dehiscence. Sagittal T2 (a)-, precontrast 
Tl (by, and delayed postcontrast fat-suppressed Tl (c)-weighted 
images in a patient with pain and fever after cesarean section. A 
large defect is present in the anterior uterine wall at the site of 
prior caesarean section. Blood products with Tl hyperintensity 
are seen extending through this defect before contrast administra- 
tion (arrow, b). Postcontrast image clearly shows the large gap in 
enhancing myometrium. A nonenhancing uterine fibroid is inci- 
dentally noted posteriorly. 




During the postpartum period, uterine dehiscence 
may occur at the site of cesarean section (fig. 16.20). 
This is well depicted on MRI as a transmural gap at the 
section site in the anterior uterus, and may be compli- 
cated by hematoma or abscess formation. An imaging 
plane perpendicular to the incision best illustrates the 
myometrial gap [59]. 



A prominent cesarean section scar may be identi- 
fied in the anterior lower uterine segment on MRI (fig. 
16.21), with marked thinning of the myometrium and 
fluid within the scar, consistent with a cesarean scar 
defect as described on ultrasound [60]. A cesarean scar 
pregnancy (fig. 16.22) is a rare form of ectopic preg- 
nancy that may occur after cesarean section. In this 
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Fig. 16.21 Cesarean scar defect. Sagittal T2-weighted 
SS-ETSE image demonstrates a prominent scar with marked 
myometrial thinning in the anterior lower uterine segment, at 
site of prior caesarean section (arrow). 



case, the gestational sac is completely surrounded by 
myometrium and fibrous scar tissue, likely due to inva- 
sion of the myometrium via a microtubular tract between 
the cesarean section scar and the endometrial canal. 
These have a high risk of uterine rupture and associated 
hemorrhage. Severe abdominal pain and profuse vaginal 
bleeding suggest impending rupture, and hemodynamic 
instability or collapse suggests rupture [61]. 

Ovarian vein thrombosis is a relatively rare compli- 
cation, often associated with postpartum endometritis. 
It occurs most commonly in the right ovarian vein. The 
diagnosis of ovarian vein thrombosis is frequently dif- 
ficult with ultrasound, and MRI is a good alternative to 
CT in such cases [57, 62]. Retained products of concep- 
tion are often readily detected by ultrasound, but if 
ultrasound is limited or indeterminate, MRI provides 
accurate diagnosis (fig. 16.23). Retained products of 
conception are extremely hypervascular and seen 
together with blood products in the endometrial canal. 
Dynamic gadolinium-enhanced imaging is important for 
diagnosis. Gestational trophoblastic disease may have a 
similar appearance; however, the differentiation is easily 
made by (3-human chorionic gonadotropin hormone 
levels. Retained products of conception may also appear 
as a hypervascular mass in the myometrium, mimicking 
acquired uterine arteriovenous malformation. The latter 
is an important diagnosis to consider because treatment 
with dilatation and curettage may aggravate rather than 
end uterine hemorrhage [63]. 



At present, ultrasonography is an inexpensive and 
widely available real-time investigation and remains the 
imaging technique of choice for prenatal assessment of 
the fetus. Since the development of ultrafast sequences, 
the role of fetal MRI has increased. MRI demonstrates 
fetal anatomy in detail. Major developmental structures 
of the fetus, particularly the central nervous system 
(CNS), lungs, and major abdominal viscera, can be 
adequately evaluated by MRI as early as the beginning 
of the second trimester. Its diagnostic accuracy is supe- 
rior to sonography in selected cases, and in complex 
fetal disorders [8, 9, 12, 64, 65]. MRI is particularly 
helpful in CNS anomalies and, to a lesser extent, tho- 
racic anomalies [12, 65, 66]. As a result, the majority of 
clinically indicated obstetric MR imaging involves either 
further evaluation of the fetal brain or the assessment 
of complex malformations and syndromes. MRI is also 
helpful for planning in utero surgical intervention. 

Ultrafast T2-weighted sequences and T2-/T1- 
weighted steady-state free-precession images are the 
main techniques used for fetal MRI. No fetal sedation 
is needed. Additional imaging with Tl -weighted gradi- 
ent echo is helpful in certain cases for tissue character- 
ization or detection of hemorrhage. T2*- weighted 
gradient-echo sequences may also help confirm the 
presence of blood [67]. Some centers are using diffu- 
sion-weighted imaging and MR spectroscopy for further 
evaluation of the fetal brain. MR fetography (a heavily 
T2-weighted thick slab adapted from MRCP) may be 
used as a scout sequence and provides information 
about fetal contours, extremities, and spinal dysraphia 
[21]. Gadolinium is generally not recommended for fetal 
imaging, but may be indicated for maternal disease. 
Before contrast administration, images should be 
reviewed, and there must be careful consideration of 
potential benefit to the pregnant patient versus theoreti- 
cal risk to the fetus. When contrast is needed, informed 
consent should be obtained. 

Normal Anatomy 

Central Nervous System 

Changes in fetal brain maturation proceed through dif- 
ferent stages in a predictable fashion that can be reliably 
evaluated with fast T2-weighted imaging or steady-state 
free-precession images such as True-FISP. At 12-23 
weeks of gestation, the brain demonstrates a smooth 
surface except for the interhemispheric fissure (fig. 
16.24). Two or three layers in the cerebral cortex can 
be delineated at this time. At 24-26 weeks, the imma- 
ture cortex, the intermediate zone, and the germinal 
matrix can be differentiated. The germinal matrix 
appears as a band of T2 hypointensity/Tl hyperintensity 
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Fig. 16.22 Cesarean scar pregnancy. Sagittal (a), trans- 
verse (b>), and coronal (c) T2-weighted SS-ETSE images demon- 
strate a gestational sac containing a fetus ectopically located 
within the lower uterine segment of the uterus. The gestational 
sac is surrounded by myometrium and uterine scar tissue rather 
than being located within the endometrium, as is seen with scar 
pregnancies. 



surrounding the ventricles in early gestation until the 
third trimester, when it gradually regresses to be present 
only in the caudothalamic groove at term. The cortical 
plate is seen as a band of T2 hypointensity/Tl hyper- 
intensity at the periphery of the brain. The intervening 
parenchyma is of higher signal intensity on T2 -weighted 
images but contains three visible layers as well, usually 
discernable between 20 and 28 weeks of gestational 
age [67]. 



The sylvian fissure appears first as a smooth, curved, 
wide infolding of the brain before 18 weeks and pro- 
gresses to a more angulated appearance by 23 weeks 
(figs. 16.24 and 16.25). Delay in maturation of the 
sylvian fissure is a sign of abnormal development [67]. 
This is best assessed on coronal and axial images. The 
parieto-occipital sulcus may be seen by 22-23 weeks, 
followed by the calcarine and cingulate sulcus at 24-25 
weeks and the central sulcus at 27 weeks [21]. Sulcation 
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Fig. 16.23 Retained products of conception. Sagittal fat-suppressed Tl-weighted gradient echo images pre- (a) and post- 
gadolinium in arterial (b) and venous (c) phases, and transverse delayed postgadolinium fat suppressed Tl-weighted gradient echo 
image id) in a postpartum patient with vaginal bleeding. There is mass within the endometrial canal that is low signal intensity 
pre-contrast (arrow, a) and shows early and intense enhancement (arrow, £>).The mass retains contrast on delayed images (arrow, 
c, d). 



in the whole cerebral cortex is seen from 30 weeks on, 
whereas infolding of the cortex and opercular formation 
will not be seen before 33 weeks (fig. 16.25). 

At 23 weeks, cerebral ventricles appear relatively 
large, corresponding to the normal fetal hydrocephalus, 
gradually becoming smaller thereafter. The atria of the 
lateral ventricles remain relatively stable in size from 15 
to 35 weeks gestation. There is general agreement that 
the size of the fetal lateral ventricles should be less than 
10 mm at the level of the atria when measured in an 
axial plane by ultrasound [68-70]. In comparing sono- 
graphic and MR measurements of the atria, MR tends 



to result in a slightly smaller measurement; however, 
the definition of ventriculomegaly remains unchanged 
at >10mm when a cutoff of 2 standard deviations above 
the mean is employed [71]. Sonographic measurements 
of the third ventricle in the axial plane have revealed 
an upper limit of normal ranging from 1.0-1.2 mm at 12 
weeks to 3.5-3.6 mm at term [72, 73], although no MR 
correlation has yet been performed. The cisterna magna 
may be difficult to visualize in the third trimester with 
ultrasound because of attenuation from the calvarium 
at the skull base; however, this is well visualized with 
MRI throughout the second and third trimesters [71]. 



FETAL IMAGING 



1581 





Fig. 16.24 Normal fetal brain, 18 weeks of gestation. Transverse (a) and coronal (b) images through the fetal brain show 
three cortical layers, a smooth cortex with slight concavity at the sylvian fissure (arrowhead, a) and normal prominence of the 
lateral ventricles (arrow, a), which decreases after 23 weeks. The falx is partially visualized (arrow, b) superior to the interhemi- 
spheric fissure. 





Fig. 16.25 Normal fetal brain, third trimester. Transverse 
(a) and sagittal (b) SS-ETSE images of the fetal head. The fetal skull 
(arrowheads, a) and the cerebral hemispheres are well delineated. 
Cerebral ventricles appear relatively smaller than in the second 
trimester (arrows, a), and gyral formation is seen. A normal cer- 
ebellum is seen (arrow, b) as well as a normal corpus callosum 
(arrowhead, b). Transverse SS-ETSE image (c) of the fetal head in 
a different patient shows the normal angulation of the sylvian 
fissure in the third trimester. Compare this to the smooth, wide 
curve of the 18-week brain in fig. 16. 24a. 
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The subarachnoid space overlying the cortical convexi- 
ties is slightly dilated at all gestational ages, most mark- 
edly at 21-26 weeks of gestation [11, 74]. 

The corpus callosum develops between 8 and 20 
weeks of gestational age. With MR, the corpus callosum 
is normally visible by 20 weeks of gestation as a subtle 
T2 hypointensity (fig. 16.26). The corpus callosum forms 
in an orderly progression from genu to splenium, with 
the rostrum being formed last. 

The cerebellar vermis is well depicted on midline 
sagittal and coronal images, whereas the cerebellar 



hemispheres may be better evaluated on axial or coronal 
views [67]. By 17.5 weeks of gestation, the primary 
fissure of the vermis should be visible, as should a 
normal fastigial point with an acute angle (fig. 16.27). 
The prepyramidal fissure is visible by 21 weeks, the 
preculminate fissure by 21-22 weeks, and the secondary 
fissure by 24 weeks. By 27 weeks, all vermian lobules 
and fissures are visible. The craniocaudal length of the 
vermis reaches that of the cerebellar hemispheres by 
18-19 weeks. The vermis extends caudally to cover the 
roof of the fourth ventricle, completely covering it by 





Fig. 16.26 Normal corpus callosum. Coronal (a) and sagittal (b) T2-weighted SS-ETSE images of the fetal head demonstrate 
a normal corpus callosum at 25 weeks of gestation. The normal corpus callosum is seen as a subtle band of T2 hypointensity (large 
arrows, a, b). Note the normal cavum septum pellucidum (small arrow, a). 





Fig. 16.27 Normal cerebellar vermis. Sagittal T2-weighted SS-ETSE image of the cerebellar vermis (a) with magnified view 
for detail (b). Note the fastigial point (F), primary fissure (1), prepyramidal fissure (P), preculminate fissure (C), and secondary 
fissure (S) in this 19-week fetus. 
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22-24 weeks. The declive is the first lobule posterior to 
the primary fissure and appears as a focus of T2 hypoin- 
tensity, important as a landmark for measuring the 
craniocaudal extent of the vermis [75]. 

Head and Neck 

The nasopharynx and oropharynx are filled with amni- 
otic fluid and are therefore hyperintense on T2-weighted 
images and hypointense on Tl-weighted images [76]. 
On T2-weighted images, the normal palate appears as 
a hypointense stripe extending from the frenulum of 
the upper lip posteriorly to the nasal choanae where 
the nasopharynx and the oropharynx join together [77] 
(fig. 16.28). The thyroid gland is not well visualized on 
single-shot fast spin-echo sequences as it is isointense 
to surrounding structures; however it is visible as a 
hyperintense structure on Tl-weighted fast spin-echo 
images [76]. 

Thorax 

In the thorax, the lung and tracheobronchial tree, both 
filled with amniotic fluid, are hyperintense on T2- 
weighted imaging. The normal lungs are hyperintense 
to chest wall musculature and hypointense to amniotic 
fluid [12] (fig. 16.29). Sagittal and coronal images of the 
fetus at the level of the diaphragm clearly allow distinc- 
tion between structures of the thorax and abdomen. The 




Fig. 16.28 Normal palate. Sagittal T2-weighted ETSE 
image shows the normal palate extending posteriorly from the 
frenulum of the upper lip as a continuous T2 hypointense arch, 
outlined by the normal fluid-filled nasopharynx and orophar- 
ynx. The palate continues posteriorly to the nasal choanae, 
where the nasopharynx and oropharynx meet. 



heart, pulmonary vasculature, and great vessels of the 
thorax appear as hypointense structures. At present, the 
value of fetal MRI for assessment of the heart is limited, 
because of the small size of the organ, the lack of flow 
information, and the fact that the fetal heart rate com- 
monly exceeds 140 beats per minute, resulting in blur- 
ring of associated with cardiac pulsation [78]. The 
thymus is visible with intermediate signal intensity on 
single-shot fast spin-echo images [76]. 

Abdomen and Pelvis 

The esophagus, stomach, and duodenum are filled with 
swallowed amniotic fluid, which acts as an intrinsic T2- 
hyperintense, Tl -hypointense contrast agent. The distal 
ileum and colon are filled with Tl- hyperintense, T2- 
hypointense meconium [21] (fig. 16.30). Between these 
two bowel segments mixing of these two fluids causes 
a gradual shift in signal intensities. With advancing 
gestational age, the amount of meconium gradually 
increases. The pattern of signal characteristics is helpful 
for identifying bowel segments and thereby estimating 




Fig. 16.29 Normal fetal torso, third trimester. Coronal 
T2-weighted SS-ETSE image of the fetus (rotated for orienta- 
tion) show the fetal lungs (arrow), which are high signal inten- 
sity because of high fluid content, on either side of the thorax. 
The heart is visible, and the contrast between the signal-void 
area generated by the circulating blood and the intermediate 
signal intensity of the myocardium (curved arrow) allows 
assessment of ventricular wall thickness. The lung-liver inter- 
face outlines the diaphragm (arrowhead). The fetal stomach 
(black arrow), small bowel (sb), and bladder (b) are seen. 
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Fig. 16.30 Normal bowel. Transverse T2-weighted ETSE (a) and transverse Tl-weighted gradient echo (b) images of the fetal 
abdomen at 30 weeks show normal appearance to the bowel, with T2 hyperintense small bowel seen centrally that is Tl-hypointense. 
The more distal, peripherally-located bowel demonstrates Tl hyperintensity and T2 hypointensity due to the presence of meconium. 



the level of a suspected atresia. In addition, the high 
signal intensity of the colon relative to the abdominal 
organs on Tl-weighted images allows maximal intensity 
projections of the colon [80]. 

The fetal gallbladder is also visible as a fluid-filled 
structure in the right upper quadrant of the abdomen 
[21]. The fetal liver is the largest organ in the body and 
is iso- to slightly hyperintense on Tl-weighted images 
and of low to intermediate signal intensity on T2- 
weighted images. Early in development, the right and 
left lobes are symmetric in size owing to the distribution 
of the fetal circulation, whereas later in gestation the 
right lobe increases in size relative to the left [78, 80]. 
The spleen is similar in signal intensity to the liver and 
situated lateral to the stomach (fig. 16.31) [79]. 

The normal fetal kidneys are well defined and of 
intermediate signal intensity with hyperintense collecting 
systems on T2-weighted images (fig. 16.32). As the fetus 
matures, the lower-signal-intensity renal cortex becomes 
more readily distinguished from the higher-signal-inten- 
sity renal medulla [81]. The normal urinary bladder is 
also filled with fluid and easily identified on T2-weighted 
images. Occasionally, signal voids may be seen within 
the bladder because of ureteral jets [82]. The fetal adrenal 
glands may be identified in the suprarenal fossae and 
are of relatively lower T2 signal intensity. 

Fetal Anomalies 

Central Nervous System 

MRI is useful in further evaluating abnormalities seen or 
suspected on ultrasound and has been shown to be par- 
ticularly helpful in cases of agenesis of the corpus cal- 
losum, posterior fossa anomalies, migrational disorders, 




Fig. 16.31 Normal fetal abdomen, third trimester. 

Transverse SS-ETSE image through the fetal abdomen shows the 
low- to intermediate-signal-intensity liver (L), spleen (s), and 
adrenal gland (arrowhead). The fluid-filled stomach (arrow) is 
hyperintense. The placenta (p) is seen in a posterior location. 



cortical dysgenesis, intracranial hemorrhage, porenceph- 
aly, absent cavum septum pellucidum, ventriculomegaly, 
myelomeningocele, and space-occupying lesions [66, 83, 
84]. MR imaging is often performed in families with a 
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Fig. 16.32 Normal kidneys. Transverse (a) and coronal (b) T2-weighted SS-ETSE images of fetal kidneys at 30 weeks (arrows). 
The renal parenchyma is intermediate in signal intensity, surrounding the hyperintense collecting system bilaterally. 



history of prior pregnancy with CNS anomaly or genetic 
disorder, and in those at risk for destructive lesion, as 
malformations may be more difficult to detect with 
sonography. Monochorionic twins with twin-twin transfu- 
sion syndrome or cotwin demise are also often evaluated 
with MR imaging because of the higher risk of neurode- 
velopmental abnormality [85]. MRI is also helpful in 
difficult cases in which the abnormality is poorly charac- 
terized, or when the brain is difficult to see with sonog- 
raphy because of maternal body habitus, oligohydramnios, 
or advanced gestational age. Furthermore, fetal MRI per- 
formed to further evaluate sonographic abnormalities of 
the central nervous system has been shown to change 
diagnosis and management in many cases, with a change 
in diagnosis reported in up to 32%, prenatal counseling 
in 50%, and care in 19% [86]. 

Assessment of Ventriculomegaly. Ventriculome- 
galy is a frequent indication for fetal MRI, both to assess 
for associated anomalies and to further evaluate etiol- 
ogy, which may be related to disordered CSF dynamics, 
congenital malformation, or an obstructive lesion. Up 
to 80% of fetuses have been reported to have associated 
anomalies, with 18% demonstrating karyotype anoma- 
lies. Prognosis is worse with associated anomalies 
and in cases of progressive ventriculomegaly [67, 87]. 
Associated CNS anomalies include neural tube defects, 
agenesis of the corpus callosum, holoprosencephaly, 
aqueductal stenosis, Dandy-Walker complex, periven- 



tricular nodular heterotopias, polymicrogyria, lissen- 
cephaly, and destructive lesions such as subependymal 
and intraventricular hemorrhages, periventricular leuko- 
malacia, multicystic encephalomalacia, and poren- 
cephaly [67, 88]. Mortality rates have been quoted as 
high as 62-85%, depending on associated anomalies. 
Developmental delay has been reported in 84% of those 
with associated anomalies and in 37% of those with 
isolated ventriculomegaly [67]. With mild ventriculo- 
megaly, variably defined in the literature as an atrial 
width of 10-1 2 mm or 10-15 mm on axial sonogram, 
prognosis is better, although developmental delay has 
been reported in 50-56% of those with associated 
anomalies and in 0-36% of those with isolated mild 
ventriculomegaly [67, 87]. Detection of associated 
anomalies is therefore important for prenatal counsel- 
ing. MRI plays an important role in this evaluation and 
has demonstrated sonographically occult CNS anoma- 
lies in up to 40-50% of cases of ventriculomegaly [67]. 
Half of the cases of ventriculomegaly are due to aque- 
ductal stenosis, Chiari II malformation, or Dandy-Walker 
complex [89]. Dandy-Walker complex is further dis- 
cussed under Posterior Fossa. 

Aqueductal stenosis is characterized by dilated 
lateral and third ventricles with a normal-sized fourth 
ventricle, typically with marked and progressive dilata- 
tion (fig. 16.33). This may be congenital, due to X-linked 
or autosomal recessive disorders, or acquired from in 
utero infection or hemorrhage, although most cases are 
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Fig. 16.33 Aqueductal stenosis. Sagittal (a) and transverse 
(b, c) images of the fetal brain at 36 weeks gestation. There is 
massive hydrocephalus of the lateral and third ventricles with 
normal-appearing fourth ventricle (arrow, a). A thin rim of resid- 
ual cerebral tissue (arrow, b) and an intact falx (arrow, c) support 
the diagnosis of aqueductal stenosis rather than hydranencephaly 
or holoprosencephaly. 




considered multifactorial and are without identifiable 
cause. Normal cognition has been reported in 24-86% 
of cases of aqueductal stenosis; however, a recent study 
evaluating prenatally diagnosed cases found only 10% 
to have normal cognition and reported a 27% mortality 
rate [90]. Furthermore, when the etiology is X-linked, 
there is consistently severe mental retardation. Half of 
those with X-linked aqueductal stenosis will have 
adduction of the thumbs, which may be a clue to the 
diagnosis [891. 



Chiari II malformation is seen in practically all cases 
of myelomeningocele to varying degrees, and is a con- 
stellation of malformations that is most prominent in the 
hindbrain (fig. 16.34). Inferior herniation of the cerebel- 
lar tonsils, vermis, and caudal brainstem through an 
enlarged foramen magnum is demonstrated, frequently 
with medullary kinking. The posterior fossa is small, 
the tentorium is low, and the cerebellar hemispheres 
and superior vermis are displaced cranially. Tectal 
beaking, an enlarged massa intermedia, and dysgenesis 
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Fig. 16.34 Myelomeningocele and Chiari II malformation. Tl-/T2-weighted steady-state free-precession images in the 
sagittal (a) and transverse (b) planes show a 3.7-cm myelomeningocele extending from the lumbar spinal canal. Linear hypointensi- 
ties seen in the sagittal plane are consistent with nerve roots (arrows, a). Flow-related artifact on T2-weighted SS-ETSE images (c) 
precluded confident identification of the nerve roots with this sequence (compare c to b). Sagittal Tl-/T2-weighted steady-state 
free-precession image of the brain id) shows Chiari II malformation, with herniation of cerebellar tonsils through an enlarged 
foramen magnum and a small posterior fossa. Transverse T2-weighted SS-ETSE image (e) demonstrates ventriculomegaly, with the 
lateral ventricles measuring 2 cm at the atria. 



1588 



Chapter 16 PREGNANCY AND FETUS 



Fig. 16.34 (Continued) 




or agenesis of the corpus callosum are present. Polygyria 
and heterotopias are common. The fourth ventricle and 
aqueduct are small, the third ventricle is angulated, 
and the lateral ventricles may be normal or distorted 
and enlarged. Osseous abnormalities include lucken- 
schadel, scalloping of the petrous pyramid, and 
shortening of the clivus. One-third of children develop 
symptoms of brainstem compression by the age of 5, 
and of these, one-third do not survive [91, 92]. Although 
Chiari II malformations and myelomeningoceles are 
usually identified with ultrasound, MRI is helpful when 
the sonogram is limited by maternal body habitus, oli- 
gohydramnios, and fetal positioning. Although MRI has 
not shown any benefit in localizing the level of spinal 
dysraphism, MRI can better identify the callosal abnor- 
malities, heterotopias, and associated spinal cord anom- 
alies such as diastematomyelia and syringohydromyelia, 
as well as evaluate the extent of hindbrain herniation 
[85, 93, 94]. Sagittal images of the fetal head and spine 
are helpful to evaluate cerebellar tonsillar herniation, 
fetal skin defect, and myelomeningocele, which may be 
seen as a mass posterior to the spine. 

MRI depicts the normal and abnormal corpus cal- 
losum, which should be visible by 20 weeks of gestation 
(fig. 16.35), and MRI has been shown to have greater 
sensitivity and specificity than ultrasound for callosal 
abnormalities [85]. Abnormalities of the corpus callosum 
may result from karyotype anomalies, X-linked syn- 
dromes such as Aicardi syndrome, metabolic disorders, 
or insults such as infection during development [95, 96]. 
Although agenesis of the corpus callosum may be seen 
in isolation, associated anomalies are present in up to 



85% of cases, detection of which is important for paren- 
tal counseling as this increases the likelihood of a poor 
prognosis. In a recent study, MRI identified sonographi- 
cally occult anomalies in 63% of cases and, in addition, 
detected a normal corpus callosum in 20% of cases 
referred for suspected callosal agenesis on ultrasound 
[95]. Associated lipomas and interhemispheric cysts may 
be seen with MR (fig. 16.36). Additional associated 
anomalies include Dandy-Walker malformation, Chiari 
II malformation, holoprosencephaly, gray matter hetero- 
topia, schizencephaly, and encephalocele [88]. The 
clinical presentation is variable, ranging from normal to 
developmental delay, seizures, abnormal muscle tone, 
psychotic disorders, feeding problems, and social/ 
behavioral problems [89, 97]. On MRI, an abnormal or 
absent corpus callosum may be seen directly, in addi- 
tion to the indirect findings of agenesis seen with ultra- 
sound, which include colpocephaly with a teardrop 
configuration to the lateral ventricles, a high-riding and 
enlarged third ventricle, and absent cavum septum pel- 
lucidum [98]. 

Holoprosencephaly is classically subdivided into 
alobar, semilobar, and lobar types, in decreasing order 
of severity. Holoprosencephaly may result from a variety 
of etiologies, including chromosomal, genetic, and syn- 
dromic, or be an isolated abnormality resulting from a 
variety of insults. Clinical features include seizures, 
choking, spasticity, developmental delay, fluctuating 
behavior, sleeping problems, and brainstem dysfunc- 
tion. Involvement of the hypothalamus and basal ganglia 
leads to choreoathetoid movements, endocrinopathies, 
especially diabetes insipidus, and temperature dysregu- 
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Fig. 16.35 Normal corpus callosum and absent corpus callosum at 22 weeks of gestation. Transverse (a) and coronal 
(b) T2-weighted SS-ETSE images through a normal fetal brain at 22 weeks of gestational age. The lateral ventricles are normal in 
size (arrowheads, a) with a normal intervening distance, and there is a visible corpus callosum (arrow, b). Transverse (c) and coronal 
(d) T2-weighted SS-ETSE images through a different fetal brain at 22 weeks of gestational age. There is dilatation and increased 
distance between the lateral ventricles (arrowheads, c) and absence of connecting fibers between the cerebral hemispheres 
(arrow, d). 



lation [99, 100]. Diagnosis of alobar holoprosencephaly 
may be straightforward with ultrasound; however, diag- 
nosis of lobar or semilobar forms may be quite difficult. 
Alobar holoprosencephaly is characterized by the pres- 
ence of a mono ventricle; absence of the cavum septum 
pellucidum, falx, third ventricle, corpus callosum, and 
olfactory bulbs and tracts; nonseparated deep gray 
nuclei; and usually a dorsal sac or cyst. The dorsal sac 
or cyst is caused by cystic extension of the monoven- 
tricle resulting from blocked cerebrospinal flow due to 



thalamic noncleavage. Associated facial malformations 
are present in the majority, which may include a pro- 
boscis, cyclopia, hypo- or hypertelorism, arrhinia, cleft 
lip and palate, single nostril, flattened nose, and central 
maxillary incisor. Infants typically die within the first 
year, though survival to 11 years has been reported. 

Semilobar holoprosencephaly (fig. 16.37) is charac- 
terized by partial separation of the cerebral hemispheres 
posteriorly with partial falx and nonseparated, under- 
developed frontal lobes, mono ventricle, absent cavum 
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Fig. 16.36 Agenesis of the corpus callosum with inter- 
hemispheric cyst. Axial (a), coronal (£>), and sagittal (c) T2- 
weighted SS-ETSE images of the fetal brain demonstrate a lobulated 
interhemispheric cyst (arrows, a-c) extending asymmetrically to 
the right associated with agenesis of the corpus callosum. An 
intact corpus callosum is not identified, and the lateral ventricles 
have a parallel configuration with colpocephaly (a). 




septum pellucidum, partially or completely nonsepa- 
rated deep gray nuclei, and malformed corpus callosum. 
Facial malformations are less prominent, and a dorsal 
sac is less commonly seen. Lobar holoprosencephaly 
is characterized by hypoplasia of the inferior frontal 
lobes and anterior falx with incomplete separation of 
the frontal lobes and absence of the cavum septum 
pellucidum. Compared with the other subtypes, there 
tends to be better formation of the corpus callosum, 
third ventricle, and frontal horns of the lateral ventricles 
in lobar holoprosencephaly. Dorsal cysts are uncom- 
mon with the lobar subtype. Semilobar and lobar 
subtypes generally survive longer than those with 
alobar holoprosencephaly, with survival into the teens 
[99-1031. 



In the middle interhemispheric (MIH) variant of 
holoprosencephaly (fig. 16.38), there is midline continu- 
ity of the posterior frontal and parietal lobes, with separa- 
tion of the basal forebrain, anterior frontal lobes, and 
occipital lobes. The genu and splenium of the corpus 
callosum are relatively spared, but the body is absent. 
The thalami are less commonly fused, and a dorsal cyst 
is therefore less commonly seen with this variant com- 
pared with alobar holoprosencephaly. The deep gray 
nuclei are widely separated. No severe midline craniofa- 
cial defects are associated; however, cleft lips and palates, 
single central incisors, and hypertelorism may be seen. 
Clinically, these children fare better than those with 
classical holoprosencephaly in terms of expressive skills 
and upper extremity control. The deficits seen with MIH 
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Fig. 16.37 Holoprosencephaly. Axial (a), sagittal (£>), and 
coronal (c) T2-weighted SS-ETSE images of the brain at 26 weeks 
of gestation. A large dorsal cyst (D) communicates with a mono- 
ventricle (M). There is partial separation of the cerebral hemi- 
spheres posteriorly, though the cortex is thinned and displaced 
by the large cyst. A small, malformed corpus callosum identified 
anteriorly and separate thalami are not shown. Findings are most 
consistent with a semilobar variety of holoprosencephaly. 



are related to the predominant involvement of motor 
cortex, including spasticity, dystonia, hypotonia, and 
oromotor deficits affecting speech and feeding [99, 104]. 

Posterior Fossa. The posterior fossa is well- 
evaluated with MRI. Assessment of vermian hypoplasia 
is performed on sagittal images. The tegmento-vermian 
angle may be used to assess vermian angulation and is 
defined as the angle between a line drawn along the 
dorsal brain stem parallel to the tegmentum and a 
second line drawn along the ventral vermis. A normal 
angle is close to 0, and an elevated angle is defined as 
>40°. An abnormal angle is often associated with 
vermian and cerebellar hypoplasia; however, it may 
also be seen in isolated elevation or rotation of the 
vermis due to a persistent Blake pouch cyst, which may 



have a good prognosis if not associated with supraten- 
torial abnormalities or uncontrolled or progressive 
hydrocephalus [75, 105]. The craniocaudal extent of the 
vermis can be measured and compared to published 
norms. To measure, a line is drawn through the fastigial 
point and declive (the first lobule posterior to the 
primary fissure; fig. 16.27) and the craniocaudal extent 
is measured perpendicular to this. Relative growth of 
the superior and inferior vermian lobes can also be 
assessed by comparing the length above and below the 
line, which should be symmetric. In general, the degree 
of vermian lobulation correlates with prognosis [75]. 

The Dandy-Walker continuum includes Dandy- 
Walker malformation, Dandy-Walker variant, and mega 
cisterna magna. Outcomes are widely variable based 
on the degree of vermian hypoplasia and associated 





Fig. 16.38 Middle interhemispheric variant of holoprosencephaly. T2-weighted SS-ETSE images of the fetal brain at 32 
weeks in the sagittal (a), axial (b, c), and coronal (d-f) planes demonstrate abnormal fusion of the posterior frontal/parietal lobes 
across the midline (*, b) with separation of the anterior and posterior cerebral hemispheres (c). Subjacent to the abnormal fusion, 
the body of the corpus callosum is malformed (arrow, a) but intact anterior and posterior to this. The cavum septum pellucidum 
is absent (d-f). 
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anomalies. Structural, genetic, and chromosomal anom- 
alies may be present, including agenesis of the corpus 
callosum, polymicrogyria, neuronal heterotopias, occip- 
ital encephaloceles, facial anomalies, cardiac defects, 
Polydactyly, and syndactyly, and portend a worse prog- 
nosis. Dandy-Walker malformation is defined as com- 
plete or partial vermian agenesis, cystic dilatation of the 
fourth ventricle, and enlargement of the posterior fossa 
with associated elevation of the tentorium, torcula, and 
transverse sinus [75, 85] (fig. 16.39). Dandy-Walker 
variant includes milder forms of vermian hypoplasia 
with a more normal-appearing posterior fossa (fig. 
16.40). Visualization of a normal vermis can distinguish 
a mega cisterna magna from a Dandy-Walker variant. 



Other posterior fossa abnormalities may also be 
detected with MRI. Joubert syndrome may be seen with 
an aplastic, hypoplastic, or cleft vermis with distorted 
fastigial point, absent primary fissure, and "molar tooth" 
configuration of the mesencephalon. Clinical features 
include mild-moderate mental retardation, abnormal 
eye movements, rhythmic tongue protrusion, motor 
delays, and transient neonatal hyperpnea. Rhomboence- 
phalosynapsis is an abnormal fusion of the cerebellar 
hemispheres with absent vermis. The cerebellar folia 
are seen continuing across the midline on MR imaging. 
This is a heterogeneous clinical entity with presentation 
correlating with supratentorial abnormalities. Severe 
pontocerebellar and vermian hypoplasia may also be 





Fig. 16.39 Dandy-Walker malformation. Sagittal (a) and 
coronal (b) Tl-/T2-weighted steady-state free-precession and axial 
T2-weighted SS-ETSE (c) images in a fetus at 23 weeks of gesta- 
tional age. There is marked enlargement of the posterior fossa 
with superior displacement of the venous confluence (elevation 
of the torcula Herophili, arrow, a). Note the severe vermian hypo- 
plasia associated with a retrocerebellar cerebrospinal fluid collec- 
tion that appears continuous with the fourth ventricle. 
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Fig. 16.40 Dandy-Walker variant in two different patients. Sagittal (a) and transverse (b) T2-weighted SS-ETSE images of 
fetuses in the second trimester demonstrate a hypoplastic inferior vermis with communication of the fourth ventricle with an 
enlarged cisterna magna. The posterior fossa is normal in size, with normal position of the torcula Herophili (arrow, a). 



seen with muscular dystrophies and microlissencephaly, 
both of which have poor prognoses [75]. 

Arachnoid cysts (fig. 16.41) are benign, space- 
occupying congenital lesions filled with cerebrospinal 
fluid and are usually easily diagnosed with ultrasound. 
MRI is helpful in evaluating the extent of the cyst 
and adjacent brain compression [83]. Most are located 
along the surface of the brain at the major fissures. 
Arachnoid cysts of the posterior fossa may compress 
the brainstem or cerebellum and lead to ventriculo- 
megaly. Fetal arachnoid cysts may also be associated 
with chromosomal anomalies or agenesis of the corpus 
callosum [106]. 

Other Developmental Anomalies. A role for fetal 
MRI has been proposed in cases of absent cavum 
septum pellucidum in which the etiology is not readily 
apparent with ultrasound. Absence may be secondary 
to holoprosencephaly, septo-optic dysplasia, agenesis 
of the corpus callosum, schizencephaly, or encephalo- 
cele, or in cases of secondary destruction such as severe 
hydrocephalus, porencephaly, hydranencephaly, and 
valproic acid embryopathy. Isolated cases of absence of 
the cavum septum pellucidum also exist and are par- 
ticularly difficult to differentiate from septo-optic dys- 
plasia with ultrasound. These isolated cases may have 
no neurologic manifestations, although prenatal diagno- 
sis is controversial as there may be cytoarchitectural 



distortions of the cortical layers that cannot yet be 
detected with MRI [107-109]. 

Septo-optic dysplasia is characterized by absent or 
hypoplastic cavum septum pellucidum and hypoplastic 
or dysplastic optic nerves (fig. 16.42). Two subtypes 
have been described, one of which includes schizen- 
cephaly, a cavum septum pellucidum remnant, and 
normal-sized ventricles. These patients tend to present 
with seizures and/or decreased visual acuity. The 
second type is not associated with schizencephaly, but 
instead demonstrates diffuse white matter hypoplasia, 
complete absence of the cavum septum pellucidum, 
and ventriculomegaly, and presents with symptoms 
related to hypothalamic-pituitary dysfunction. It has 
been suggested that this second type may represent a 
mild form of lobar holoprosencephaly. In general, asso- 
ciated anomalies are seen in over half of patients and 
include cortical malformations, holoprosencephaly, and 
agenesis of the corpus callosum. Clinical features are 
widely variable and also include developmental delay. 
Although prenatal diagnosis is possible with MRI, optic 
nerve hypoplasia is difficult to detect prenatally, and it 
has been suggested that only half of affected fetuses are 
recognized [107-111]. 

Encephaloceles are herniations of brain and menin- 
ges through a cranial defect (fig. 16.43). In the western 
world, occipital encephaloceles are the most common. 
These may be associated with syndromes such as 
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Fig. 16.41 Arachnoid cyst of choroidal fissure. Transverse (a) and coronal Qf) T2-weighted SS-ETSE images of the fetal 
brain at 34 weeks demonstrates a well-circumscribed, extra-axial, hyperintense cyst in the right choroidal fissure, consistent with 
an arachnoid cyst. 



Meckel-Gruber syndrome (see Cystic Renal Disease, 
fig. 16.60), amniotic band syndrome, or Walker-Warburg 
syndrome, or associated with karyotype anomalies, in 
particular trisomies 13 and 18. In southeast Asia, frontal 
encephaloceles are more common. Karyotype anoma- 
lies have been found in up to 44% of fetuses with 
encephaloceles. In cases of isolated encephalocele, the 
amount of herniated brain is the most important prog- 
nostic factor. Polyhydramnios may be seen secondary 
to impaired swallowing or oligohydramnios secondary 
to associated anomalies in various syndromes [112, 113]. 
MRI may be helpful for evaluation of encephaloceles, 
in particular for characterization of small frontal 
encephaloceles. 

Malformations of Cortical Development. 

Malformations of cortical development such as schizen- 
cephaly, gray matter heterotopias, polymicrogyria, and 
lissencephaly are better demonstrated with MRI than 
ultrasound [85]. In schizencephaly, a cleft lined by gray 
matter extends from the subarachnoid space to the 
lateral ventricle. Schizencephaly is described as closed- 
lip if the lips of the cleft are in contact with one another 
and as open-lip if the lips are separated [114, 115]. 
Symptoms vary depending on bilaterality and type and 
extent of cleft, with some unilateral closed-lip cases 
discovered incidentally showing few or no symptoms. 
Bilateral open-lip cases usually demonstrate seizures, 



paralysis, and profound developmental delay with little 
cerebral function [115]. MRI clearly demonstrates the 
clefts, with the gray matter lining the clefts evident as 
a band of T2 hypointensity, allowing distinction from 
porencephaly. The cavum septum pellucidum is absent 
in two-thirds of cases, and the corpus callosum may be 
focally thin or absent. Heterotopias, polymicrogyria, and 
septo-optic dysplasia may also be present [114]. 

Subependymal heterotopia is seen as periventricu- 
lar nodules isointense to the germinal matrix, which are 
indistinguishable from the subependymal nodules of 
tuberous sclerosis [67]. A search for other features of 
tuberous sclerosis is therefore important. Cortical tubers 
are seen as low-signal-intensity foci on T2-weighted 
images that are of high signal intensity on Tl -weighted 
images. Prenatal diagnosis of tuberous sclerosis has 
been reported with MRI as early as 21 weeks of gesta- 
tional age [116]. Polymicrogyria may be localized or 
generalized and is characterized by lack of normal sul- 
cation with multiple abnormal infoldings of the cerebral 
cortex. 

Lissencephaly is characterized by shallow sylvian 
fissures, absent or reduced sulcation for gestational age, 
and absence of the normal layered appearance of the 
brain, with a large, thick band of neurons located within 
the white matter instead [85]. The most common clinical 
features of lissencephaly include severe psychomotor 
retardation, developmental delay, seizures, and failure 
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(c) 

Fig. 16.42 Septo-optic dysplasia. T2-weighted SS-ETSE images in a fetus at 28 weeks of gestational age. The coronal (a, b) 
and axial (c) images show complete absence of the cavum septum pellucidum, with flattening of the roof of the lateral ventricles 
and inferior pointing of the frontal horns. On the sagittal image (d), the low position of fornices is observed. Optic nerve hypoplasia 
is identified on coronal (a) and sagittal id) images. Note the enlarged lateral ventricles. 



to thrive, with prognosis depending on the degree of 
failed cortical development. Death may occur in infancy 
or early childhood among those severely affected [117]. 

Destructive Lesions. Destructive lesions are also 
better seen with MRI than ultrasound. Fetal cerebral 



ischemia may result from placental, fetal, or maternal 
causes, including maternal hypovolemia, hypoxia, 
shock, abdominal trauma, hypotension, hypertension, 
and drug use, as well as fetal infection, twin-twin trans- 
fusion syndrome, and, rarely, inherited metabolic dis- 
eases [118, 1191. Areas of hemorrhage may result from 
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Fig. 16.43 Encephalocele. Sagittal (a) and transverse (£>) T2-weighted SS-ETSE images through the fetal head show a frontal 
encephalocele. A round fluid-filled structure (arrow, a, b) is seen anterior to the fetal orbits (white arrowheads, b) and face. 
Intermediate signal intensity within the lesion (black arrowhead, a, b) continuous with the fetal brain indicates that the encepha- 
locele contains neural tissue. Occipital encephalocele (c, d) in a fetus at 34 weeks. A posterior calvarial defect is demonstrated, 
with herniation of brain tissue through the defect (arrows). 



hypoxia or ischemia related to maternal trauma, drug 
use, or infection, or in a fetus with a clotting disorder, 
hydrops, or underlying vascular malformation [85, 88]. 
Acute cerebral injury may manifest as white matter 
edema with T2 hyperintensity that may resolve or prog- 



ress to necrosis. Acute white matter abnormalities may 
also manifest as loss of the intermediate layer of white 
matter seen in young fetuses or as leukomalacia, seen 
as subcortical T2 hyperintensity. Chronic changes of 
gliosis may be indirectly demonstrated with MR as 
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ventricular dilatation, thickened or irregular ventricular 
wall, or diffuse T2 hyperintensity/Tl hypointensity. 
Chronic changes of ischemia also include thickened or 
irregular germinal matrix, atrophy or necrosis, parenchy- 
mal cystic cavity (focal T2 hyperintensity), ependymal 
cyst (focal periventricular T2 hyperintensity), calcification 
(T2 hypointensity, Tl hyperintensity), and cortical mal- 
formations such as polymicrogyria or schizencephaly. 
Necrosis may appear as loss of normal signal contrast, 
area of T2 hyperintensity, volume loss with sharp delin- 
eation, porencephaly, or hydranencephaly (figs. 16.44 
and 16.45). Laminar necrosis and some forms of periven- 
tricular leukomalacia may be seen as Tl hyperintensities. 
Cortical malformations, calcification, and ependymal 
cysts may also be seen with in utero infection [118, 119]. 

Hydranencephaly (fig. 16.45) is due to cerebral 
destruction in the bilateral internal carotid artery distri- 
bution in utero, usually during the second trimester, 
resulting in replacement of the majority of the cerebral 
hemispheres by cerebrospinal fluid covered with menin- 
ges. The falx is present as the insult occurs after forma- 
tion of the brain and ventricles. The choroid plexus, 
thalami, basal ganglia, midbrain, cerebellum, brainstem, 
and portions of the occipital lobes are intact because 
of the unaffected posterior circulation. During the 
destructive phase, an abnormal mass of tissue and hem- 
orrhage may be seen. Bilateral internal carotid artery 
occlusion is felt to be the usual cause, although in utero 
infection has also been implicated. Most infants die 
within the first year of life, and those that survive have 
severe mental retardation [89, 120, 121]. 

Parenchymal hemorrhage may be seen as T2 
hypointensity/Tl hyperintensity, although the signal 
intensity varies with age of hemorrhage. Intraventricular 
debris or focal hematoma may be seen with intra- 
ventricular hemorrhage [67] (fig. 16.46). Subependymal 
hemorrhage may be difficult to see on routine images 
because of the similar signal intensity of the germinal 
matrix; however, this may be seen on T2*-weighted 
gradient-echo images as a focal area of hypointensity 
relative to the germinal matrix [67]. Subdural hemor- 
rhage may also be seen in utero and has been reported 
in association with dural arteriovenous fistulas [85]. 

Neoplasms. Intracranial masses may be further 
characterized with fetal MRI. Intracranial teratoma 
accounts for about half of fetal intracranial tumors. 
Other fetal brain tumors include astrocytomas, lipomas, 
choroid plexus papillomas, craniopharyngiomas, and 
primitive neuroectodermal tumors, in order of decreas- 
ing incidence. The majority of fetal brain tumors are 
supratentorial, as opposed to the more common infra- 
tentorial pediatric tumors. With the exception of lipomas 
and choroid plexus papillomas, prognosis for fetal brain 
tumors is overall very poor. These tumors tend to bleed 



and obstruct the ventricular system and may present 
with hydrocephalus. There may be decreased swallow- 
ing due to hypothalamic dysfunction with resulting 
polyhydramnios [84, 122]. Apart from lipomas and 
choroid plexus papillomas, fetal brain tumors may grow 
quite rapidly, and the site of origin may not be discern- 
able; however, most arise from the pineal gland, supra- 
sellar area, or cerebellar hemispheres. Approximately 
14% will have associated anomalies, the most common 
of which is a cleft lip or palate. 

It is usually difficult to discern the type of fetal brain 
tumor with prenatal imaging. Teratomas are complex 
cystic and solid masses, often with calcification, usually 
midline and rapidly enlarging (fig. 16.47). Most with 
intracranial teratomas die in utero or in the neonatal 
period. Likewise, primitive neuroectodermal tumors, 
craniopharyngiomas, and glioblastomas are almost 
always fatal. Low-grade astrocytomas and ganglioglio- 
mas have a slightly better prognosis [122]. 

Choroid plexus papillomas usually arise in the 
lateral ventricles. Because of the overproduction of 
cerebrospinal fluid and/or decreased resorption, there 
is associated hydrocephalus. MRI may depict the hyper- 
trophic choroid. Because of the early hydrocephalus, 
infants usually present with vomiting, lethargy, convul- 
sions, and papilledema [123]. 

Lipomas are benign fatty tumors that are often 
asymptomatic. They are usually located in the midline 
or in association with a lateral ventricle and are smaller 
than other brain tumors, with an average diameter of 
1.6 cm. Those located in the midline are strongly associ- 
ated with agenesis of the corpus callosum. MRI is 
helpful to confirm the fatty nature of the lesion and to 
evaluate the corpus callosum [122]. 

Head and Neck 

MRI allows evaluation of abnormalities involving the 
fetal head and neck. Cystic hygromas are benign con- 
genital lesions due to sequestered lymphatic sacs that 
are usually in the neck and face, most often in the 
posterior cervical triangle (fig. 16.48). Depending on 
location, large lesions may compress the airway and 
MRI is useful in evaluating airway compromise and the 
need for EXIT (ex utero intrapartum treatment) proce- 
dure planning at delivery. MRI is also helpful in delin- 
eating the extent of the lesion for surgical planning 
[124]. MRI may also be helpful in evaluation of anterior 
neck masses to distinguish a goiter from teratoma or 
hemangioma. Goiters will demonstrate homogeneous 
hyperintensity on Tl-weighted images and will be indis- 
tinct on T2-weighted images as opposed to the typically 
heterogeneous mass seen with teratomas [76]. 

Teratomas (fig. 16.49) may arise from the nasophar- 
ynx, palate, or thyrocervical area and are often large 
masses of cystic and solid components. Calcifications 
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Fig. 16.44 Fetal stroke associated with elevated maternal anticardiolipin antibodies. T2-weighted SS-ETSE images in 
sagittal (a), axial (&), and coronal (c) planes show a large area of cystic encephalomalacia in the left parietal lobe, resulting from a 
left middle cerebral artery infarction in a fetus at 32 weeks of gestation. A smooth-walled cystic cavity isointense to CSF and con- 
taining thin septations is associated with ex vacuo enlargement of the right lateral ventricle. Axial diffusion-weighted image (d) 
reveals neither focal nor diffuse DWI hyperintensity, excluding acute infarction/ischemia. 



are present in approximately 50% of cases and when 
present are virtually diagnostic. These masses may result 
in hyperextension of the fetal neck, with resulting mal- 
positioning and dystocia. Those arising from the mouth 
are referred to as epignathi, most commonly originating 



from the palate, and typically extend out through 
the mouth. Transphenoidal intracranial extension can 
occur with epignathus. Polyhydramnios is common with 
cervical and oral teratomas because of impaired swal- 
lowing [122]. 





Fig. 16.45 Hydranencephaly. Coronal (a) and sagittal (b) 
T2-weighted SS-ETSE and sagittal T2/T1 -weighted steady-state free 
precession (c) images of the fetal brain show replacement of the 
cerebral hemispheres with cerebrospinal fluid and no residual 
cerebral cortex.The falx is seen (arrowhead, a), and the midbrain 
and cerebellum (arrow, b) are preserved. Flow-related dephasing 
artifact is seen on SS-ETSE images within the amniotic fluid and 
fetal head (arrowhead, b). Note that the steady-state free preces- 
sion technique (c) is devoid of this artifact. 





Fig. 16.46 Intraventricular hemorrhage. Sagittal T2-weighted SS-ETSE (a) and axial T2-/T1 -weighted steady-state free-pre- 
cession Qf) images in a fetus at 32 weeks of gestation are shown. There is intraventricular hemorrhage with mild dilatation of the 
left lateral ventricle, manifested as hypointensity with peripheral rim of high signal intensity (arrow, b). Note the presence of 
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Fig. 16.46 (Continued) a small hemorrhagic collection in 
the frontal horn of the right lateral ventricle, anterior to the 
foramen of Monro, on the coronal T2-weighted SS-ETSE image (c). 
Subacute stage of bleeding is suggested, because of the signal 
characteristics on spin-echo and gradient-echo MR sequences: 
high signal intensity on Tl -weighted image id) and prominent low 
signal intensity on gradient echo T2* image (e). 



Congenital epulis (fig. 16.50) is a rare, benign soft 
tissue tumor that arises from the gingival mucosa of the 
alveolar ridge of the fetus and is usually an isolated 
finding. These tumors have an 8:1 predilection for 
female fetuses. Although these lesions arise from the 
maxilla, the unerupted teeth are not involved by the 
tumor. No growth of the tumor is seen after birth, and 
there have been occasional reports of spontaneous 
regression postnatally. MRI can aid in narrowing the 



differential, which includes teratoma and hemangioma. 
These tumors are well circumscribed and usually pedun- 
culated and demonstrate homogeneous T2 hypointen- 
sity. Prenatal detection is important for delivery planning 
as large tumors can potentially cause postnatal respira- 
tory complications from airway obstruction [125, 126]. 
Detection of clefts of the lip and palate with sonog- 
raphy is highly variable and operator dependent, largely 
based on sonographer experience and type of cleft. 
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Fig. 16.47 Intracranial teratoma. Coronal (a), axial (£>), and 
sagittal (c) T2-weighted SS-ETSE images of the fetal head demon- 
strate a large complex intracranial mass with both cystic and solid 
components occupying the majority of the right cerebral hemi- 
sphere. There is resulting midline shift and hydrocephalus. 




Isolated cleft palate is particularly difficult to detect 
sonographically because of artifact from adjacent facial 
bones and the tongue. The primary palate lies anterior 
to the incisive foramen and includes the alveolar ridge; 
the secondary palate lies posterior to the incisive 
foramen and includes most of the hard palate and the 
soft palate. Clefts of the secondary palate are generally 
not well visualized with standard sonography. Clefts 
involving both the lip and palate and clefts involving 



the secondary palate are associated with a higher risk 
of karyotype anomalies. Median facial clefts are associ- 
ated with holoprosencephaly. Isolated clefts of the 
palate may be syndromic or nonsyndromic. In addition, 
infants with cleft palate are at risk for chronic otitis 
media, hearing loss, abnormal speech, and midfacial 
retrusion, as opposed to isolated cleft lips. In general, 
the more posterior the cleft and the greater the involve- 
ment of the palate, the more complicated the surgical 
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Fig. 16.48 Lymphangioma/cystic hygroma. Coronal (a) 
and axial (b) T2-weighted SS-ETSE images and axial Tl -weighted 
image (c) show a single large T2-hyperintense/Tl-hypointense 
cyst, extending from the mandible into the neck (arrows, b, c). 



repair is. MRI allows visualization of the lip and both 
the primary and secondary palate [127, 128]. On T2- 
weighted images, the normal palate appears as a 
hypointense stripe extending from the frenulum of the 
upper lip posteriorly to the nasal choanae where the 
nasopharynx and the oropharynx join together [77] (fig. 
16.28). Cleft lip is well seen in the coronal and axial 
planes, and cleft palate is best evaluated in the axial 
and sagittal planes (fig. 16.51). Abnormally elevated 



tongue position and communication of the oro- and 
nasopharynx are secondary signs of cleft secondary 
palate [127]. With routine MR imaging, fetal movement 
may limit visualization of the palate, which may be 
overcome by real-time MR imaging. As the secondary 
palate may be best visualized in the midsagittal plane 
when the oropharynx is distended with fluid, real-time 
SSFSE imaging may be performed every 3-4 s until the 
fetus swallows, allowing this distension [128]. 
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Fig. 16.49 Teratoma of the fetal mouth. Coronal (a) and sagittal (b) T2-weighted SS-ETSE images through the fetal head and 
neck show a large, heterogeneous mass (arrow, a, b) arising from the fetal mouth. 



Dacryocystocele is a benign cyst resulting from 
prenatal obstruction of the lacrimal system both proxi- 
mally and distally (fig. 16.52). The lacrimal sac dilates 
with mucus and amniotic fluid due to obstruction, and 
the dilatation usually extends intranasally to the naso- 
lacrimal duct, forming a nasal cyst. Cystic dilatation 
confined to the distal nasolacrimal duct may also be 
seen, in which case the superior portion of the naso- 
lacrimal duct and the lacrimal sac are unaffected. 
Although spontaneous rupture occurs in most cases 
during the first month of life, prenatal detection is 
important because bilateral dacryocystoceles are a 
potential cause of neonatal nasal obstruction. Unilateral 
cysts must be differentiated from other abnormalities 
in this location, such as encephalocele, nasal glioma, 
rhabdomyosarcoma, dermoid cyst, or hemangioma. 
Dacryocystoceles may be associated with various syn- 
dromes or an isolated finding. MRI can accurately depict 
the three components of dacryocystoceles, all of which 
demonstrate T2 hyperintensity [129, 130]. 

Congenital hemangiomas (fig. 16.53) progress in 
utero, unlike infantile hemangiomas, which typically 
appear after birth. Congenital hemangiomas may be 
subdivided into rapidly involuting (RICH) and noninvo- 
luting (NICH) types. RICH is more frequent, especially 
on the skull and in the peri-auricular region, and typi- 
cally presents as a raised tumoral lesion. These lesions 
typically resolve by 14 months of age. On T2-weighted 
images, the majority of cases described demonstrate 
marked or slight hyperintensity; however, some cases 
have demonstrated hypointensity. Evidence of blood 
products may be seen with foci of Tl hyperintensity/ 
T2 hypointensity. Flow voids may be seen. MRI is useful 



in characterizing the lesion and excluding encephalo- 
cele [131-134]. 

Thorax 

MRI has been shown to be useful in assessment of 
hypoplastic lung in cases of congenital diaphragmatic 
hernia and the spine in cases of mediastinal cysts [12, 
66, 135]. MRI has also been helpful in distinguishing 
congenital diaphragmatic hernias and other less common 
pulmonary lesions from adenomatoid-cystic pulmonary 
malformation (CCAMs) to better advantage than ultra- 
sound [12]. MRI offers an advantage in determining 
whether liver is involved in a congenital diaphragmatic 
hernia, which may be difficult with ultrasound. MRI 
changed the diagnosis in nearly 50% of lung masses 
diagnosed sonographically in one study [12]. In another 
study evaluating a variety of thoracic abnormalities, the 
diagnosis was changed in 38% and affected manage- 
ment in 8% [136]. 

Congenital Diaphragmatic Hernia. Congenital 
diaphragmatic hernia is more common posterolaterally 
on the left than the right side. The stomach, small intes- 
tine, and colon herniate more frequently than liver, 
gallbladder, and spleen. Herniation of liver portends a 
worse prognosis, and it may be difficult to determine 
whether liver has herniated with ultrasound. With MRI, 
the liver, intestines, and lung are clearly differentiated 
based on signal characteristics and the location of the 
liver is more readily assessed (fig. 16.54). Recent MR 
studies have shown a worsening prognosis with increas- 
ing volume of liver herniated [137, 138]. A recent study 
found an 86% neonatal mortality if 20% or more of the 
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Fig. 16.50 Epulis. Sagittal (a) and transverse (b, c) T2- 
weighted SS-ETSE images in a female fetus at 29 weeks of gesta- 
tional age demonstrate an epulis/granular cell tumor. A well-defined 
mass is seen arising from the maxillary ridge in the middle palati- 
nal line, without extension into the nasal cavity, palate or cranium. 
The size and position of the tumor result in superior deviation 
of the upper lip. The unerupted upper teeth appear normal. The 
lesion is slightly heterogeneous: isointense relative to muscle cen- 
trally, with a peripheral hyperintense rim. 



thoracic volume was occupied by liver as opposed to 
13% mortality if less than 20% (as measured in the axial 
plane on MRI) [137]. There is a high rate of associated 
anomalies with congenital diaphragmatic hernia, which 
increase the mortality rate. Pulmonary hypoplasia is the 
primary cause of morbidity and mortality. On T2- 
weighted images, compressed lung is of intermediate 
signal intensity, hypointense to the noncompressed 
lung [12, 139]. MRI can provide an estimation of the 



residual lung volume, which may be important in pre- 
dicting pulmonary hypoplasia. MRI thus plays an impor- 
tant role in prenatal counseling. 

Pulmonary Malformations. Cystic adenomatoid 
malformations (CCAM) are hamartomatous pulmonary 
malformations that contain both cystic and solid tissue. 
Three types have been described pathologically, with 
decreasing cyst size from type I to type III. Prenatally, 
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Fig. 16.51 Unilateral cleft lip and palate. T2-weighted SS-ETSE oblique coronal (a, b), transverse (c), and sagittal id) images 
show complete unilateral clefts of the lip and palate on the right side. The cleft extends through the upper lip to the nose, forming 
a channel filled with amniotic fluid. 



these are sonographically classified as macrocystic 
and microcystis with the macrocystic having a better 
prognosis. MR features are variable, ranging from mul- 
tiple large cysts with discrete walls to solid-appearing 
lesions; however, all have markedly higher signal inten- 
sity than normal lung on fluid-sensitive sequences 
(fig. 16.55). Lesions may enlarge or regress during the 



pregnancy. Development of hydrops portends a poor 
prognosis and is an indication for fetal intervention 
[12, 1391. 

Bronchopulmonary sequestration is abnormal pul- 
monary tissue that is not connected to the tracheo- 
bronchial tree. Two subtypes are described, based on 
the presence (extralobar) or absence (intralobar) of a 
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Fig. 16.52 Dacryocystocele. Sagittal (a) and transverse (b) T2-weighted SS-ETSE images of the fetal head demonstrate a well- 
circumscribed, T2 hyperintense cyst at the inferomedial aspect of the left orbit, consistent with a dacryocystocele, confirmed at 
birth. 





Fig. 16.53 Congenital hemangioma. T2-weighted SS-ETSE images in coronal (a), axial (£>), and sagittal (c) planes demonstrate 
a scalp hemangioma in a male fetus at 27 weeks of gestational age. There is a well-circumscribed extracranial mass originating from 
the soft tissues of the scalp. The underlying parietal bone and frontotemporal squama are intact. The mass is iso-/hyperintense with 
a hypointense pseudocapsule and prominent peripheral flow voids. 
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Fig. 16.53 (Continued) 






Fig. 16.54 Congenital diaphragmatic hernia. Transverse (a) and coronal (b) T2-weighted SS-ETSE images through the fetal 
torso in the second trimester show stomach (s, a, b) and small bowel (sb, b) in the left fetal chest. A small portion of fetal lung (white 
arrow, b) is seen at the apex. The transverse image shows the heart (black arrow, a) abnormally located in the right chest and the 
right lung (white arrowhead, a) posteriorly. The hernia contains liver (black arrow, a), which is associated with a worse outcome. 
Note normal second-trimester fetal kidneys (black arrows, b). Coronal T2-weighted SS-ETSE images (c and d) in a different 





Fig. 16.54 (Continued) fetus at 30 weeks of gestational age 
demonstrate herniation of stomach and bowel above the dia- 
phragm, occupying the left side of the fetal chest. A small amount 
of liver is also seen within the left hemithorax. Slightly obliqued 
coronal Tl -weighted GRE image (e) in a third patient at 28 weeks 
of gestation demonstrates bowel within the left fetal hemithorax 
as evidenced by the hyperintense meconium in the distal bowel 
lumen. 
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Fig. 16.55 Cystic adenomatoid malformation. Sagittal (a) and transverse (b) T2-weighted SS-ETSE images of a fetus at 28 
weeks of gestation reveal a mainly cystic, hyperintense lesion within the left hemithorax (black arrows). The heart (white arrow) 
is pushed to the contralateral side. Hypoplasia of the right lung (arrowheads) and associated polyhydramnios were seen. Coronal 
(c), sagittal (d), and transverse (e) T2-weighted SS-ETSE images of a different fetus at 30 weeks of gestation demonstrate a large 
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Fig. 16.55 (Continued) hyperintense lesion within the right 
hemithorax that appears macrocystic. Coronal (/") and transverse 
(g) T2-weighted SS-ETSE images in a third fetus with suspected 
congenital cystic adenomatoid malformation in the lung. There are 
3 hyperintense foci (arrow, g) in the right lower lobe, well-visu- 
alized on the transverse SS-ETSE. The coronal image shows these 
foci to a lesser extent, but clearly depicts the intact diaphragm, 
excluding congenital diaphragmatic hernia. 



separate pleural envelope. Intralobar sequestration 
drains via the pulmonary veins; extralobar sequestration 
drains to a systemic vein in 75%. Arterial supply is sys- 
temic for both types, usually from a branch off the aorta. 
Both are most commonly located in the lower lobes. 
Extralobar sequestrations are more often on the left and 
may be either above or below the diaphragm. Intralobar 
sequestrations are not commonly diagnosed in utero. 
Prenatally diagnosed sequestrations generally have a 



favorable prognosis; many regress in utero. Pleural effu- 
sions may develop and progress to tension hydrothora- 
ces with resulting hydrops, an indication for intervention. 
On MRI, sequestrations appear as a homogeneously 
hyperintense mass with well-defined margin on fluid- 
sensitive sequences [12, 139]. Occasionally, the systemic 
arterial supply may be demonstrated (fig. 16.56). 

Other pulmonary malformations may be seen on 
fetal MRI as well. Bronchial stenosis may be identified, 
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Fig. 16.56 Bronchopulmonary sequestration. Sagittal (a) and coronal (b>) T2-weighted SS-ETSE images in a fetus at 25 weeks 
of gestation demonstrate a mildly hyperintense mass in the left lower lobe. A flow void extends from the aorta into the pulmonary 
mass (arrows), suggesting systemic arterial supply to a bronchopulmonary sequestration. 



with the affected lobe demonstrating homogeneously 
increased signal intensity relative to adjacent normal 
lung on fluid-sensitive sequences, but less intense than 
that of CCAMs [12]. Congenital high airway obstruction 
(CHAOS) may be demonstrated as well; tracheal atresia 
results in uniform T2 hyperintensity throughout bilater- 
ally enlarged lungs, with fluid visible in the dilated 
trachea and eversion of the diaphragm [12]. 

Thoracic Cysts. Mediastinal masses and foregut 
cysts have occasionally been diagnosed as well. 
Bronchogenic cysts appear as T2 hyperintensities that 
are usually located in the middle mediastinum but may 
be intraparenchmyal as well. Neurenteric cysts are T2 
hyperintensities located posteriorly, in communication 
with the meninges [139]. 

Neoplasms. Intrapericardial and mediastinal tera- 
tomas are uncommon. These tend to be mixed cystic 
and solid lesions demonstrating mixed signal intensity 
and may be quite large. In large masses, the origin of 
the mass may be difficult to discern, and the presence 
of calcifications is helpful in distinguishing mediastinal 
teratomas from pulmonary masses [12]. 



Abdomen and Pelvis 

Kidneys. Oligohydramnios is frequently seen with 
renal anomalies and has been reported in 50% of 
cases referred for further evaluation of suspected renal 
anomalies [140]. Although fetal renal anomalies are 
often well depicted with ultrasound, the presence of 
associated oligohydramnios or anhydramnios can make 
sonographic evaluation very difficult, as can maternal 
body. Detection of severe renal anomalies in utero can 
potentially affect prenatal management, given the poor 
prognosis with pulmonary hypoplasia. MRI is not 
dependent on the quantity of amnionic fluid that is 
present and is able to depict both normal and abnormal 
anatomy accurately, despite maternal body habitus. 
MRI can therefore play an important role in prenatal 
counseling. In studies evaluating the role of MRI in 
sonographically suspected renal anomalies, MRI has 
been shown to change or narrow the diagnosis in 
36% and to change management in one case (3%), 
allowing continuation of a pregnancy with a resulting 
normal neonate [141]. Another study evaluating sono- 
graphically suspected bilateral renal anomalies and 
cases of inadequate sonographic evaluation found MRI 
changed the diagnosis in 31% of patients and affected 
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continuation or termination of the pregnancy in 25% of 
patients [142]. 

Renal Agenesis. Renal agenesis may be a unilat- 
eral or bilateral process. When the process is bilateral, 
anyhdramnios results (fig. 16.57); when unilateral, the 
amniotic fluid status is variable, depending on the pres- 
ence of contralateral renal anomalies. The sensitivity 
of ultrasound decreases as the amniotic fluid volume 
decreases, and MRI is therefore helpful for detection 
and further characterization of renal anomalies. MRI can 
confirm absence of a kidney in the renal fossa and can 
depict renal ectopia. Confirmation of bilateral renal 
agenesis is particularly important as this condition is 
universally fatal, and early detection can impact coun- 
seling and management of the pregnancy. With unilat- 
eral renal agenesis, MRI is helpful in evaluating the 
structure and morphology of the contralateral kidney, 
assessing fluid status, and evaluating the signal intensity 
of the lungs as an indicator of pulmonary maturation. 
Association of renal agenesis with VACTERL complex 
should prompt a meticulous evaluation for other fetal 
anomalies. 

Renal Ectopia and Fusion Abnormalities. 

Sonographic detection of an ectopic kidney can prove 
challenging; however, renal ectopia can be readily dem- 
onstrated with MRI either with T2-weighted images or 




Fig. 16.57 Anhydramnios secondary to renal agene- 
sis. Coronal T2-weighted SS-ETSE image of a fetus at 24 weeks 
of gestation reveals no visible amniotic fluid. No kidneys could 
be found. 



diffusion- weighted imaging [143]. Axial T2-weighted 
images will demonstrate extension of renal tissue across 
the midline, anterior to the spine, in cases of horseshoe 
kidney. 

Renal duplication is the most common morphologic 
anomaly of the kidneys [144]. Distension of the collect- 
ing system is often seen, related to the Weigert-Meyer 
rule that describes obstruction of the upper pole moiety 
and reflux into the lower pole moiety. An added benefit 
of MRI in these instances is that the path of the ureters 
can be followed, particularly the insertions into the 
bladder, where an associated ureterocele can sometimes 
be demonstrated. 

Hydronephrosis. Mild pelviectasis, or central 
renal pelvis dilatation, can be a normal variant in the 
fetus. Different threshold measurements have been 
described in the sonographic literature to indicate 
hydronephrosis. While absolute numbers are important, 
the presence of caliectasis has been described as the 
most important factor, as this finding doubles the risk 
of needing surgery for hydronephrosis [145]. Fetal 
hydronephrosis can have many causes, the most 
common of which include ureteropelvic junction (UPJ) 
obstruction, vesicoureteral reflux, and posterior urethral 
valves [146]. Other less common etiologies may lead to 
upper tract dilatation as well, including ureterovesical 
obstruction, ureteroceles with or without duplicated 
collecting system, urethral atresia, megaureter, megacystis- 
microcolon hyperperistalsis syndrome, and extrinsic 
compression related to pelvic masses [143]. The dilated, 
fluid-filled collecting system is readily apparent on T2- 
weighted sequences. 

In congenital UPJ obstruction, the renal pelvis is 
significantly dilated, with less striking dilatation of the 
calyces and a nondilated ureter. With continued pro- 
gression of the obstruction, cystic parenchymal dysplas- 
tic changes will be seen, mainly in the periphery of the 
kidney. 

Posterior urethral valves, an entity seen in male 
fetuses, will result in a ballooned appearance of the 
posterior urethra, distension of the urinary bladder, and, 
depending on the severity, varying degrees of hydroure- 
teronephrosis. The typical "keyhole" deformity seen on 
ultrasound is also well-depicted with T2-weighted images. 

Prune belly syndrome occurs almost exclusively in 
males and is characterized by abdominal wall laxity, 
distended urinary bladder and renal collecting systems, 
and cryptorchidism. The dilated renal collecting systems 
and dilated bladder are well visualized on T2-weighted 
images. The abdomen appears distended; however, 
clear evaluation of the abdominal wall and the rectus 
muscles is beyond the resolution of MR images [143]. 

Megacystis-microcolon hyperperistalsis syndrome is 
an autosomal recessive condition that is typically lethal 
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within the first year. It is characterized by a markedly 
enlarged bladder and dilatated urinary collecting system 
without obstruction, microcolon, and decreased gastro- 
intestinal peristalsis. On MRI, visualization of an enlarged 
bladder and a very thin colon should raise suspicion 
for possible megacystis-microcolon hyperperistalsis 
syndrome. In comparison to ultrasound, the colon 
can be more easily discerned from small bowel with 
MRI by the presence of Tl-hyperintense meconium 
[143, 147, 148]. 

Cystic Renal Disease. Multicystic dysplastic kidney 
(MCDK) is a nonfunctioning kidney replaced by non- 
communicating cysts of varying sizes, scattered through- 
out the kidney (fig. 16.58). On ultrasound, the numerous 
cystic lesions in the abdomen may at times be difficult 
to distinguish from dilated loops of bowel, and MRI can 
play a confirmatory role in diagnosis. Unilateral MCDK 
is associated with contralateral renal anomalies, in par- 
ticular UPJ obstruction and vesicoureteral reflux. The 
diagnosis is of great importance as bilateral MCDK is 
invariably fatal [149]. 

Autosomal recessive polycystic kidney disease 
(ARPKD) is an inherited disorder characterized by renal 
tubular malformation with nonobstructive cystic dilata- 
tion of the renal collecting tubules. The kidneys become 
enlarged and replaced by innumerable tiny cysts that 
may be resolved on T2-weighted sequences (fig. 16.59) 
or present as T2 hyperintensity. Liver fibrosis is also a 




Fig. 16.58 Multicystic dysplastic kidney disease. 

Coronal SS-ETSE sequence through the maternal pelvis. Fetal 
kidney (arrows) shows multiple high-signal-intensity cysts, 
which is consistent with multicystic dysplastic renal disease. 
In addition, a complete placenta previa is demonstrated (long 
thin arrows). FH, fetal head; P, placenta; Bl, maternal bladder. 



feature of this disease. There is a wide spectrum of 
severity of both renal and hepatic involvement, and 
prognosis likewise ranges from pulmonary hypoplasia 
and neonatal death to survival into adulthood and vari- 
able development of renal failure and portal hyperten- 
sion [150]. 

Meckel-Gruber syndrome is a fatal, autosomal 
recessive disorder, characterized by a triad of markedly 
enlarged polycystic kidneys, occipital encephalocele, 
and postaxial Polydactyly. Many additional associated 
anomalies may be present as part of the syndrome, 
involving the brain, extremities, face, heart, and genita- 
lia, among others. The presence of two of the classical 
features with a normal karyotype is suggestive of this 
entity (fig. 16.60). These classical findings may be seen 
with ultrasound, although sometimes the findings are 
equivocal, particularly the ability to definitively distin- 
guish an encephalocele from a cystic hygroma or in the 
setting of marked oligohydramnios. Additionally, the 
encephalocele may sometimes be very small and not 
detected on ultrasound. In these cases, when Polydac- 
tyly is suggested on ultrasound along with the finding 
of cystic kidneys MRI is very useful to evaluate the brain 
and skull, as the possibility of Meckel-Gruber should 
be considered in this setting [151]. 

Persistent Cloaca. Persistent cloaca is a rare 
anomaly in which the embryologic cloaca does not 
divide and a single perineal opening is present for the 
genital, urinary, and gastrointestinal tracts. This may be 
associated with ambiguous genitalia, obstructive uropa- 
thy, and pulmonary hypoplasia. There is significant 
anatomical variation with this entity; however, aberrant 
drainage of urine may lead to ascites if drainage occurs 
via the fallopian tubes and obstruction may lead to 
pelvic cystic structures, hydroureter, and oligohydram- 
nios. The colon and vagina may also dilate because of 
accumulation of urine. The mixing of urine with meco- 
nium may lead to intraluminal calcified meconium. 
Cardiac and vertebral anomalies and intrauterine growth 
restriction may coexist. Diagnosis early in the second 
trimester is associated with a worse prognosis, with 
renal failure in childhood and pulmonary hypoplasia. 
In those fetuses that survive to delivery, a good post- 
natal outcome is expected with appropriate surgical 
intervention. Prenatal diagnosis is important for prenatal 
counseling and delivery planning. MRI may play a role 
in delineating the anatomy in these cases and in distin- 
guishing isolated hydrocolpos from that associated with 
persistent cloaca [152-154]. 

Fetal Gastrointestinal System. Nonvisualization 
of the stomach with ultrasound can be caused by mul- 
tiple etiologies, among them esophageal atresia, difficulty 
swallowing from various causes, and inadequate amni- 
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Fig. 16.59 Polycystic kidney disease. Sagittal (a) and trans- 
verse (b) T2-weighted SS-ETSE images show bilaterally enlarged 
kidneys, measuring 5.6 cm at 29 weeks of gestation. The kidneys 
are diffusely hyperintense, without clearly discernible cysts, con- 
sistent with polycystic kidneys. There is associated anhydramnios. 
Coronal Tl-/T2-weighted steady-state free-precession image (c) 
shows relatively small chest in comparison to abdomen, suggest- 
ing possible pulmonary hypoplasia. 



otic fluid volume. The stomach may be malpositioned in 
the chest, as in the case of congenital diaphragmatic 
hernia, or it may be on the right side of the abdomen as 
in heterotaxy syndromes. MRI may be helpful if the pre- 
natal ultrasound has technical limitations. 

In cases of small bowel dilatation, the approximate 
level of a small bowel atresia may be inferred by the 
signal intensity of the intraluminal contents proximal to 
the obstruction. If dilated small bowel is predominantly 
T2 hyperintense and Tl hypointense, a proximal 



obstruction such as jejunal atresia should be suspected. 
If dilated small bowel is mainly T2 hypointense and Tl 
hyperintense, then a distal atresia, such as ileal atresia, 
should be suspected [80, 155]. 

Abdominal Wall Defects. The abdominal wall 
closes once the midgut returns to the abdominal cavity 
after physiologic herniation, a process that is complete 
by the 12th week of gestation [80]. Abdominal wall 
abnormalities include omphalocele, gastroschisis, 
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Fig. 16.60 Meckel-Gruber syndrome. Coronal T2-weighted SS-ETSE image of the kidneys in a 20-week fetus (a) demonstrates 
enlarged, hyperintense kidneys bilaterally measuring 5.7 cm, with innumerable small cysts. Sagittal T2-weighted SS-ETSE image of 
the fetal head (b) demonstrates herniation of brain tissue posteriorly (arrow), consistent with an occipital encephalocele. Coronal 
T2-weighted SS-ETSE image of the kidneys in a different fetus at 17 weeks of gestation (c) also reveals polycystic kidneys with 
enlarged, hyperintense kidneys bilaterally containing innumerable small cysts. Sagittal T2-weighted SS-ETSE image of the fetal head 
id) also demonstrates an occipital encephalocele (arrow). 



limb-body wall complex, amniotic bands, pentalogy of 
Cantrell, and bladder extrophy. The two main differen- 
tial considerations when herniated contents are seen 
outside the abdominal cavity on ultrasound are ompha- 
locele and gastroschisis. Although usually distinguish- 
able on ultrasound, there are occasions when the 



distinction is difficult. On MRI, the herniated contents 
can be easily depicted [156]. The contents of the hernia- 
tion are important, as generally omphaloceles carry a 
higher risk of karotype anomalies. Furthermore, with 
regard to omphaloceles, the presence of herniated liver 
has important prognostic implications [79]. 
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Fig. 16.61 Omphalocele. T2-weighted ETSE images of a 25-week fetus obtained in the transverse and sagittal planes demon- 
strate a herniation of the anterior abdominal wall containing liver, stomach, and bowel (arrows). Note the covering membrane (a) 
and midline herniation, characteristic of omphalocele. 



Omphalocele is an anterior abdominal wall defect 
with herniation of intra-abdominal contents through the 
base of the umbilical cord (fig. 16.61). Liver and small 
bowel are often herniated and are surrounded by a 
covering membrane, which on occasion may be difficult 
to detect with ultrasound. MRI is able to depict the 
contents of the hernia sac, which include amnion, 
Wharton jelly, viscera, and peritoneum [156]. There is a 
high incidence of other associated anomalies in the 
presence of an omphalocele. 

Gastroschisis, in contradistinction to ompalocele, is 
herniation of abdominal contents without a covering 
membrane. The herniation occurs lateral to the umbili- 
cal cord insertion, usually to the right. Although gas- 
troschisis is usually not associated with chromosomal 
or other anomalies, the neonatal prognosis depends on 
the condition of the herniated bowel. MRI may have a 
role in determining the condition of the bowel, specifi- 
cally for the evaluation of bowel wall thickness, dilata- 
tion, and atresia. A study in 2006 suggested promise in 
the use of 3D MRI for evaluation of the bowel loops in 
gastroschisis [157]. 



Bladder exstrophy is a rare malformation describing 
the combination of an infraumbilical abdominal wall 
defect and exposure of the posterior bladder wall to the 
external environment (fig. 16.62). MRI will depict an 
infraumbilical solid mass protruding outside the abdomi- 
nal cavity and nonvisualization of the bladder [158]. 

Abdominal/Pelvic Cysts. Cysts are easily dis- 
cerned on MRI, because of the presence of T2 hyper- 
intense fluid. Determination of the location of a cyst 
and the sex of the fetus allows narrowing of the dif- 
ferential diagnosis. MRI may help determine whether a 
cyst arises or is separate from the kidney. Enteric dupli- 
cation cysts, due to improper recanalization of the gut, 
may occur at any point along the alimentary tract; most 
in the abdomen involve the ileum [159] (fig. 16.63). 
Meconium pseudocysts may be distinguished from 
enteric cysts on MRI, as the former demonstrate inter- 
mediate Tl signal intensity [84]. 

Neoplasms. MRI is helpful in determining the 
origin of abdominal masses. Sacrococcygeal teratoma 
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Fig. 16.62 Bladder extrophy. Sagittal (a) and transverse (b) T2-weighted SS-ETSE images of a fetus at 20 weeks of gestation 
reveal no normal urinary bladder. An irregular, infraumbilical anterior abdominal mass is seen, suggestive of bladder extrophy. 



(fig. 16.64) is the most common fetal and neonatal 
tumor. Prenatal diagnosis is associated with a nearly 
50% mortality rate, as opposed to the 5% mortality rate 
of infants diagnosed neonatally. If not diagnosed before 
birth, complications include preterm labor, dystocia, 
hemorrhage into the tumor, and tumor avulsion with 
fetal exsanguination. Sacrococcygeal teratomas are 
divided into four types based on the relative amount of 
tumor located internally and externally. Type I is exter- 
nal with no or minimal internal component, type II is 
predominantly external with extension into the presa- 
cral space, type III is both external and internal with 
extension into the abdominal cavity, and type IV is 
completely internal. Intraspinal extension may occur. 
The size of the solid component of the tumor is the 
most important feature for prognosis, with predomi- 
nantly cystic masses having a much better prognosis. 
Solid tumors can be very vascular and result in 
arteriovenous shunting, high-output cardiac failure, 
and hydrops. In addition, intratumoral hemorrhage may 
result in fetal anemia and also lead to high-output 
cardiac failure, the distinction of which is important for 
management. Polyhydramnios is often present and may 
elicit preterm labor. Conversely, oligohydramnios may 



rarely develop because of compression of the urinary 
tract. MRI is superior to ultrasound in evaluating the 
internal and intraspinal extent of the teratoma, in dis- 
tinguishing a solid tumor from intratumoral hemorrhage 
or a microcystic tumor, and in detecting the presence 
and effects of compression of adjacent organs. MRI 
features vary and depend on the relative cystic and solid 
components, as well as the presence of associated hem- 
orrhage. Associated anomalies include undescended 
testes, hydronephrosis, renal dysplasia, urethral atresia, 
hydrocolpos, and, less commonly, hip dislocation, 
clubbed feet, and rectal atresia or stenosis. Fetal surgery 
may be considered in cases with high-output cardiac 
failure because of the poor prognosis [122, 160]. The 
uncommon fetus in fetu is a retroperitoneal teratoma 
that is an encapsulated, pedunculated mass with highly 
organized features containing a rudimentary vertebrae 
or notochord. Some believe that this is the result of 
abnormal twinning rather than a well-developed tera- 
toma [122]. 

Neuroblastoma is the most common congenital 
malignancy, representing 30% of all fetal tumors. These 
tumors are found anywhere along the sympathetic 
chain, with >90% arising from the adrenal gland. Prenatal 
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Fig. 16.63 Enteric duplication cyst. Coronal (a), sagittal 
(b), and axial (c) T2-weighted SS-ETSE images of a male fetus at 
26 weeks of gestation reveal a large, well-demarcated, mainly left- 
sided single cyst, separate from the liver, kidneys, and bladder. 
The signal intensity of the cyst is slightly lower than simple fluid 
on T2-weighted images. Enteric duplication cyst was confirmed at 
surgery. 
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Fig. 16.64 Fetus with sacrococcygeal teratoma at 28 weeks of gestation. Sagittal (a) and coronal (b) T2-weighted SS-ETSE 
images of the fetus show a large, mainly cystic, hyperintense lesion in the sacral region (arrows, a, b). Associated polyhydramnios 
is seen. 



diagnosis portends a more favorable prognosis than 
postnatal diagnosis, with a 90-96% survival rate. MRI 
plays a role in determining the extent of the tumor. 
Approximately half of the tumors are cystic. Solid tumors 
are more likely to metastasize, with the liver the most 
common site. Liver metastases are present in 25% of 
fetal cases and may be diffusely infiltrative or focal 
masses. A normal fetal MRI does not exclude involve- 
ment as the infiltrative form may be difficult to demon- 
strate prenatally. Hepatomegaly or hydrops should raise 
suspicion of hepatic metastases. In the absence of meta- 
static disease, it may be difficult to distinguish neuro- 
blastoma from adrenal hemorrhage. Paraspinal tumors 
may infiltrate the intervertebral foramina and result in 
neurological compromise. MRI has been shown to be 
beneficial in assessment of this extension and may 
prompt early delivery to preserve some neurological 
function [122, 161]. 

Mesoblastic nephroma is the most common fetal 
renal neoplasm. It is a benign, well-circumscribed renal 
tumor that tends to involve at least half of the kidney 
and is associated with polyhydramnios and, therefore, 
premature labor. It usually presents in the third trimester 
with rapid increase in amniotic fluid. These are often 
highly vascular, with the potential for hydrops. Tumors 
are predominantly solid, although they may have cystic 



areas. Prognosis is excellent after resection. The advan- 
tage of MRI is primarily in assessing organ of origin. 
Fetal Wilms tumor is more rare, but cannot be reliably 
distinguished with prenatal imaging [122, 162, 163L 

Hepatic masses include hemangioendothelioma, 
mesenchymal hamartoma, hepatoblastoma, and meta- 
stases, primarily from neuroblastoma or leukemia. 
Hemangioendothelioma is a vascular tumor and arterio- 
venous shunting predisposes to high-output heart failure 
and hydrops. Kasabach-Merritt sequence (hemolytic 
anemia, thrombocytopenia, and consumptive coagu- 
lopathy) may also develop. These masses naturally 
regress after 6 months of life; however, treatment with 
corticosteroids may be necessary if symptomatic [122]. 
Mesenchymal hamartoma is a benign, usually cystic and 
multiseptated hepatic mass that is well-visualized on 
MRI. Hydrops may develop from rapid shift of fluid into 
the cyst. Surgery is curative [164]. 

Extremities 

The extremities are easily recognized on T2-weighted 
images as low-signal-intensity structures within the 
high-signal-intensity amniotic fluid. MRI can provide 
accurate assessment of their dimensions. A disadvantage 
compared to ultrasonography, however, is the lack of 
real-time information, that is, the prenatal assessment 
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Fig. 16.65 Amniotic band of upper extremity with associated hand edema. T2-weighted SS-ETSE sequence performed 
in four planes (a-d) to evaluate upper extremity reveals a cystic mass surrounding the right forearm and extending to the distal 
interphalangeal joints (arrows). There is edema of the hand; however, the remainder of the arm is of normal caliber, similar to the 
contralateral normal-appearing arm. Contrast enhancement (not shown) demonstrated no flow within this cystic mass. 



of function, of importance for example in cases of 
myelomeningocele [8, 78]. 

Amniotic band syndrome is a complex collection of 
abnormalities that ranges in severity from minor con- 
striction rings causing extremity lymphedema, to ampu- 
tation of digits, to severe, lethal deformities such as 



acrania. Amniotic bands can result from early rupture 
of membranes, leading to entrapment of fetal structures 
with resultant defects (fig. 16.65) [165]. If amniotic bands 
are suspected, SS-ETSE images may be difficult to inter- 
pret because of flow-related dephasing artifact, and 
steady-state free-precession sequences are helpful. 
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Fig. 16.66 Clubfoot. Sagittal T2-weighted SS-ETSE image 
of a fetus at 35 weeks of gestation demonstrates a clubfoot 
(arrow). Bilateral clubfeet were seen in this fetus with a Chiari 
II malformation. 



Clubfoot, or talipes equinovarus (fig. 16.66), is an 
abnormality of the foot characterized by inversion and 
medial rotation of the foot. The diagnosis can be made 
by detecting abnormal alignment of the tibia and fibula 
with the bones of the foot, such that these bones are 
all visualized in the same plane. Although it may be an 
isolated finding, is not uncommonly associated with 
other abnormalities such as neural tube defects, and as 
such careful attention to the remainder of the fetal ana- 
tomic survey is necessary [166]. In addition, fetuses with 
clubfoot abnormality have a higher risk of associated 
aneuploidy, and this risk should be discussed with the 
family [167]. 

Fetal Weight and Amniotic Fluid 

Accurate assessment of fetal weight during and at the 
end of pregnancy is useful for the management of labor 
and the neonatal period, since both intrauterine growth 
retardation and fetal macrosomia increase the risks of 
perinatal morbidity and mortality. MRI has been shown 
to be of value for the intrauterine assessment of growth 
retardation. Baker et al. [168] demonstrated that a single 
measurement of fetal liver volume with echoplanar 
imaging could accurately identify fetuses with a birth 
weight below the 10th percentile. Furthermore, it was 
shown that measurements of total fetal volume obtained 
with MRI correlate as well or better with actual birth 
weight than those obtained with ultrasonography, since 
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Fig. 16.67 Intrauterine growth retardation of a fetus 
of 26 weeks of gestation caused by placental infarction. 

Sagittal (a) and transverse (b) T2-weighted SS-ETSE images 
show an atypical compact shape of the placenta with inhomo- 
geneous signal intensity (arrows, a, b). There is intrauterine 
growth retardation of the fetus. Placental infarction was diag- 
nosed at time of delivery. 



ultrasound can only measure fetal weight indirectly 
from anatomic measurements, for example, fetal head 
circumference, abdominal circumference, and femur 
length [14, 169L Furthermore, MRI clearly demonstrates 
the lie of the fetus [78, 169]. In fetal growth retardation, 
MRI may occasionally reveal a cause such as placental 
infarction (fig. 16.67). 

Normal amniotic fluid, similar to other simple bio- 
logic fluids, is hypointense on Tl-weighted sequences 
and hyperintense on T2-weighted sequences. Volume 
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measurements of the amniotic fluid can be performed 
with MRI, which allows detection of oligohydramnios 
and polyhydramnios [1691. MRI can also visualize the 
umbilical cord and its insertion. 

Multiple Gestation 

MRI may be helpful in cases of multiple gestation to 
confirm the number, size, and location of placentas and 
evaluate for complications. The large field of view pro- 
vided by MRI allows for global assessment (fig. 16.68). 
Twin-twin transfusion syndrome develops in diamniotic 
monochorionic twins (or multiples) in which there is 
an abnormal placental vascular anastomosis resulting in 
unbalanced blood flow between the fetuses, with a 
donor twin and a recipient twin. The donor twin devel- 
ops oligohydramnios and the recipient polyhydramnios. 
This then progresses to renal failure of the donor twin 
with absent bladder filling, abnormal Doppler studies, 
congestive heart failure with hydrops, and fetal demise. 
Without intervention, there is nearly 100% perinatal 
mortality [170]. MRI has been reported to be helpful in 
assisting preoperative planning for endoscopic treat- 
ment of twin-twin transfusion [171]. In addition, these 
twins are at increased risk of cerebral ischemia and MRI 
plays a role in this evaluation. In conjoined twins, MRI 



may help delineate shared organs to determine prog- 
nosis and plan delivery (fig. 16.69). 

Placental Imaging 

MRI, because of its multiplanar capabilities, allows exact 
assessment of the placental position size and volume. 
Because of its ability to image the long axis of the entire 
cervical canal, MRI has been shown to be highly accu- 
rate in the diagnosis of placenta previa and might thus 
be an important adjunct to ultrasound in inconclusive 
cases (fig. 16.70) [172, 173]. Placenta previa is diagnosed 
when the placenta covers a portion or all of the internal 
cervical os and usually presents with painless vaginal 
bleeding during the course of the third trimester. A 
related placental condition is placenta accreta, which is 
a leading cause of emergent peripartum hysterectomy. 
Placenta accreta is caused by lack of decidua basalis, 
which normally prevents villous invasion of the myo- 
metrium; any cause of uterine scarring, such as cesarean 
section or myomectomy, can lead to abnormal placental 
attachment. Prior cesarean section is by far the most 
common risk factor. Uterine defects can be seen in 
many women after cesarean section (fig. 16.71). Three 
types of placenta accreta are described: placenta accreta 
vera (adherence to the myometrium), placenta increta 





Fig. 16.68 Twin pregnancy at 21 weeks of gestation. Intrauterine growth retardation of 1 fetus caused by hemody- 
namic impairment. Coronal T2-weighted SS-ETSE images (a, b) demonstrate the growth retardation of 1 twin. The placenta of 
this twin is very compact. (Reprinted with permission from Kubik-Huch RA,Wildermuth S, Cettuzzi L, Rake A, Seifert B, Chaoui R, 
Marincek B: Fetus and uteroplacental unit: fast MR imaging with three-dimensional reconstruction and volumetry — feasibility study. 
Radiology 219(2): 567-573, 2001.) 
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Fig. 16.69 Conjoined twins. Sagittal (a, b) and axial (c) T2-weighted SS-ETSE images demonstrate in utero conjoined twins. 
The peritoneal cavities of the conjoined twins are in continuity, and the livers are attached (arrows, b, c). Interstitial-phase gado- 
linium- enhanced fat-suppressed gradient-echo image (d) after gadolinium was administered to 1 neonate 1 day after birth demon- 
strates sharp demarcation of enhancing and nonenhancing livers (arrows, d), signifying that the hepatic vasculature of the twins 
is separate. 
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Fig. 16.70 Complete placenta previa. Sagittal T2- 
weighted SS-ETSE image through the maternal pelvis shows 
that the placenta (p) completely covers the internal cervical os 
(arrow). 




Fig. 16.71 Uterine scar caused by prior Cesarean 
section. Sagittal T2-weighted ETSE image shows focal protru- 
sion of endometrium (arrow) into the myometrial defect in the 
lower uterine segment. 



(invasion into the myometrium), and placenta percreta 
(invasion of the uterine serosa). Because emergency 
hysterectomy is associated with substantial maternal 
morbidity and mortality, there have been increased 
efforts to improve the prenatal diagnosis of invasive 
placenta. While ultrasound often identifies placenta 
accreta, it may be falsely positive because of maternal 
vascularity or falsely negative because of posterior or 
fundal placental position [174, 175]. In cases of complex 
placenta percreta, ultrasound provides limited evalua- 
tion of extrauterine involvement, which may be exten- 
sive. MRI is particularly helpful to determine the extent 
of placental invasion, which is critical for presurgical 
planning. MRI may increase diagnostic confidence when 
ultrasound is suspicious and confirm or exclude pla- 
centa accreta when ultrasound is indeterminate. This is 
important because the diagnosis leads to changes in 
management. Cesarean section is planned at 35 weeks 
with gynecological oncology assistance. Many centers 
also perform prophylactic internal iliac artery balloon 
occlusion to control hemorrhage, and accurate diagno- 
sis is important for proper patient selection. 

MRI has shown promise as an accurate means of 
early diagnosis of placenta accreta. Diagnosis depends 
largely on multiplanar T2-weighted images, which may 
be obtained as single-shot echo-train spin echo. Some 
investigators use dynamic gadolinium, while others do 
not. On Tl -weighted images, the normal placenta is 



intermediate in signal intensity and homogeneous 
in appearance. On T2 -weighted echo-train spin-echo 
images, the placenta demonstrates moderately high 
signal intensity and fine internal architecture. MR find- 
ings suggestive of placenta accreta include myometrial 
thinning, irregularity, or focal disruption. MR findings 
of the more severe placenta percreta include dark pla- 
cental bands on T2-weighted images, focal thinning of 
myometrium, disorganized architecture of the adjacent 
placenta, focal exophytic mass, and in cases of anterior 
placental invasion involving the bladder, thinning of the 
uterine serosal-bladder interface (figs. 16.72-1 6. 74). The 
normal enhancement characteristics of the placenta with 
dynamic gadolinium imaging have been described. 
Third-trimester placentas often show early enhancement 
in a lobular patchy pattern along the maternal surface, 
while second-trimester placentas may enhance more 
heterogeneously. This appearance of lobular enhance- 
ment has been proposed to represent gadolinium in 
placental intervillous spaces, as a result of cotyledon 
formation during the third trimester [176]. On postgado- 
linium images, early arterial-phase hyperintense lobular 
enhancement of the placenta is particularly helpful in 
delineating the placental border. MR findings of pla- 
centa accreta vera may be subtle, since no frank myo- 
metrial invasion is present. 
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Fig. 16.72 Normal placenta and invasive placenta, second trimester. Sagittal T2-weighted SS-ETSE images in 2 patients 
show a normal placenta (a) and an invasive placenta (b). The normal placenta (a) has a smooth outer contour (white arrowheads, 
a) and homogeneous moderately high signal intensity. Dark vessels (black arrowhead, a) can be seen coursing through the placenta. 
In contrast, the invasive placenta (b) is more heterogeneous, with a lobulated outer contour (black arrowheads, b) and dark bands 
(white arrowheads, b) that do not represent vessels. Placenta percreta was found at surgery. 





Fig. 16.73 Normal placenta and invasive placenta, third trimester. Sagittal T2-weighted SS-ETSE images in 2 patients 
show a normal placenta (a) and an invasive placenta (b). The normal placenta (a) is of moderately high signal intensity, and the 
inner contour of the third-trimester placenta is lobulated in a regular and organized fashion, reflecting cotyledons (arrowhead, a) 
whereas the outer contour remains smooth (arrow, a). In contrast, the invasive placenta (b) is more heterogeneous, with distorted 
internal architecture, dark nonvascular bands (arrow, b), and lobulated outer contour (arrow, b). Placenta percreta was found at 
surgery. 
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Fig. 16.74 Invasive placenta with fetal demise. Coronal T2-weighted SS-ETSE (a) and Tl -weighted gradient-echo (b) and 
sagittal T2-weighted SS-ETSE (c) and gadolinium-enhanced fat-suppressed Tl -weighted gradient-echo id) images show an abnormal 
heterogeneous placenta extending outside the expected location of the uterine wall (white arrow, a, c, d). The uterus contains a 
fetus (black arrow, a-d) as well as blood (arrowheads, b) and sloughed membranes (arrowheads, a). 
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Gestational Trophoblastic Disease 

The term gestational trophoblastic disease (GTD) includes 
a variety of disease entities, including complete or partial 
hydatidiform mole, invasive mole, and choriocarcinoma. 
Clinically, a molar pregnancy is suspected in a patient 
with hyperemesis gravidarum, severe preeclampsia 
before 24 weeks of gestation, a large-for-date uterus, or 
first-trimester bleeding. Laboratory findings are diagnostic 
with markedly elevated levels of (3-human chorionic 
gonadotropin ((3-hCG). The most common form is a com- 
plete hydatidiform mole, characterized by trophoblastic 
proliferation without the development of an embryo. A 
partial hydatidiform mole is a distinct entity, and both 
mole and fetus exhibit a triploid karyotype. Whereas 
patients with partial hydatidiform rarely develop an inva- 
sive mole or a choriocarcinoma, invasive moles are seen 



in approximately 10% of patients treated for complete 
hydatidiform mole and are characterized by myometrial 
invasion. Approximately 50% of choriocarcinomas arise 
from a preexisting molar pregnancy, whereas the other 
50% will develop after any gestational event including 
abortion and ectopic or term pregnancy. Choriocarcinomas 
metastasize most frequently to the maternal lung. 

The role of imaging in this patient population is 
limited, since the diagnosis and follow-up of patients with 
GTD is primarily based on (3-hCG testing [177]. Computed 
tomography is the imaging procedure of choice for the 
detection of extrapelvic metastases. MRI besides ultraso- 
nography might be used to evaluate the primary uterine 
disease, for example, the degree of myometrial invasion 
in patients with invasive moles or choriocarcinomas 
(fig. 16.75). In complete hydatidiform moles, MRI demon- 
strates a heterogeneous mass with multiple cystic spaces 




Fig. 16.75 Hydatidiform mole and invasive mole. Sagittal 
T2-weighted echo-train spin-echo image (a) in a patient with a 
partial hydatidiform mole. A large, heterogeneous mass is seen 
within the endometrial cavity (arrows, a) in a patient with elevated 
serum p-HCG levels. Note that there is no definite evidence of 
myometrial invasion. Transverse (b) and sagittal (c) T2-weighted 
echo-train spin-echo images in a second patient who has an inva- 
sive mole. Note that in distinction from the patient with the hydatid 
mole there is diffuse heterogeneous high signal intensity of the 
myometrium consistent with invasion (arrows b, c). Bl, bladder 




FETAL IMAGING 



1629 



distending the endometrial cavity. A rim of hypointense 
myometrium may be visible at the periphery of a molar 
pregnancy. The uterine zones are distorted or obliterated, 
and an irregular boundary between the tumor and the 
myometrium is seen. On Tl sequences, foci of high signal 
intensity corresponding to areas of hemorrhage may be 
seen. The mole is hypervascular and thus enhances 
intensely after gadolinium administration [178-180]. 

Pelvimetry 

Pelvimetry is performed in patients who desire a trial 
of labor if the fetus is in breech presentation, if they 
have a history of secondary cesarean section due to 
dystocia, or if they present with pelvic deformity. 



The use of X-ray pelvimetry has decreased steadily 
in the last two decades. MRI offers the benefit of accu- 
rate measurements of the bony structures of the pelvis 
without exposure to ionizing radiation (fig. 16.76). 
Furthermore, MRI can clearly delineate the soft tissues 
of the maternal pelvis. The use of gradient-echo 
sequences has been advocated for MR pelvimetry, since 
acquisition times are shorter compared to Tl -weighted 
spin-echo sequences and they are characterized by a 
relatively low specific absorption rate [181-185]. 

Cervical Incompetence 

Ultrasound remains the primary means of evaluating cer- 
vical competence in pregnancy; however, the cervix is 




Fig. 16.76 MR pelvimetry performed in a pregnant 
patient. Tl-weighted gradient echo sequences: Obstetric conjugate 
(a) and sagittal outlet Qf) are measured on a midsagittal plane, inter- 
spinous distance (c) and intertuberous distance (d) on axial planes. 
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intertuberous distance 131 mm 



(d) 



Fig. 16.76 (Continued) The transversal distance (f) is mea- 
sured on an oblique plane acquired as shown on the localizing 
image (e). 




well-depicted on MRI and unsuspected cervical incompe- 
tence may be detected (fig. 16.77). Evaluation of normal 
cervical length has revealed that at 24 weeks, the tenth 
percentile measurement is 25 mm, and measurements of 
this length or shorter were associated with a sixfold 
increase preterm delivery. Funneling may be seen with 
dilation of the internal os and amniotic fluid or mem- 
branes bulging into the proximal endocervical canal; fun- 
neling involving 60% of the total cervical length has also 



been associated with preterm delivery [186, 187]. Patients 
with multiple gestations have shorter cervical lengths for 
gestational age, and nomograms exist for comparison. 



CONCLUSION 

Because of the lack of ionizing radiation, MRI is 
well suited to evaluation of the pregnant patient and 
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Fig. 16.77 Cervical incompetence. Sagittal T2-weighted SS- 
ETSE images of three different patients in the second trimester 
demonstrate cervical shortening, most marked in c, with tunneling 
in a and b. 



fetus when sonographic evaluation is limited, abnor- 
malities are complex, or better anatomical detail 
is needed. As fetal interventions increase, the indica- 
tions for fetal MRI are expected to increase as well. 
Because of safety concerns, MRI should be avoided 
in the first trimester if possible, and gadolinium should 
be given only if the benefits outweigh the risks to 
the fetus. 
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INTRODUCTION 



Over the past decade, the role of body MR imaging in 
pediatrics has defined new practices. As the technology 
is improving each year, it has started to play an impor- 
tant role in clinical decision making. Body MRI has an 
important role in the diagnosis and management of a 
wide range of pediatric illnesses, including evaluation 
of abdominal masses, staging of local disease, identify- 
ing distant metastases, and monitoring response to 
therapy [1-4]. The elements of high-quality imaging, 
reproducibility of image quality and good conspicuity 
of disease, lie in the use of reliable sequences that 
minimize or avoid artifacts (figs. 17.1-17.4; Table 17.1). 
MR is a noninvasive test with high intrinsic soft 
tissue contrast, few risks, and no exposure to ionizing 
radiation, all important factors in pediatric imaging [5, 
6]. However, there has not been as strong an emphasis 
on pediatric MR imaging as on adult body MR. This is 
due in part to the lack of expertise in the field and in 
part to the challenges in imaging pediatric patients 
because of the level of cooperation and long imaging 
times needed in MRI studies. Although the majority of 
this book is dedicated to adult body MR imaging, we 



address broader aspects of pediatric MR imaging in this 
chapter. We foresee that the usage of pediatric MR will 
become widespread in the years to come. Chapter 1 
gives a comprehensive account of diagnostic approach 
to protocoling and interpreting MR studies of the 
abdomen and pelvis. The unique aspects of pediatric 
MR are discussed in this chapter. 



MRI TECHNIQUE 

Imaging Sequences 

Tl -Weighted Sequences 

Spin-Echo Sequence. Unlike in the adult patient, 
spin-echo imaging plays an important role in pediatric 
patients because they are more likely to be sedated or 
asleep, which is a useful status for image quality to be 
consistent for the long-duration, breathing-averaged 
sequence. Furthermore, the high intrinsic signal-to- 
noise ratio (SNR) of this sequence is important for 
imaging small individuals. Fat suppression is routinely 
applied in order to improve the dynamic range of tissue 
signal intensities. 
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Fig. 17.1 Breathing-averaged (sedated patient) protocol 
in an 13-month-old female at 3.0 T. Coronal T2-weighted 
single-shot echo-train spin-echo (a), axial T2-weighted single-shot 
echo-train spin-echo (£>), axial Tl -weighted MR-RAGE (c), axial 
Tl-weighted water-excitation MP-RAGE (d), coronal Tl-weighted 
90-s postgadolinium fat-suppressed 3D-GE(e), axial Tl-weighted 
water-excitation MP-RAGE postgadolinium (/") images of a 
13-month-old female with hepatoblastoma. The breathing motion 
artifact is minimal when such a protocol is observed while using 
3.0 T systems. 
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Fig. 17.1 (Continued) 





Fig. 17.2 Respiration-arrested protocol at 3.0 T. Axial Tl-weighted immediate postgadolinium fat-suppressed 3D-GE images 
of adjacent slices (a, b) of a 10-month-old male. This respiration-arrested 3D gradient echo shows high spatial resolution with no 
breathing in an intubated infant. Note excellent demonstration of a diminutive portal vein and normal hepatic artery. Timing of 
respiration suspension is a careful choreography between the MR technologist and the anesthesia team. 



2D-Spoiled Gradient-Echo Sequence. 2D-SGE 
sequences provide true Tl-weighted imaging and, with 
the use of phased-array multicoil imaging, achievs 
good signal-to-noise ratio and short-duration sequence 
acquisition. 

3D-Gradient-Echo Sequence. 3D-gradient-echo 
imaging has distinct advantages over 2D-gradient echo, 
primarily the ability to acquire thinner sections (because 
of the higher intrinsic signal) and fewer problems with 
phase artifacts from breathing and blood flow. Fat sup- 
pression should be routinely used to provide superior 
quality images. 



Magnetization-Prepared Rapid-Acquisition 
Gradient-Echo Sequence. Spoiled gradient-echo imag- 
ing is sensitive to motion and requires patient coopera- 
tion with breath holding; as a result, in younger children 
the image quality is poor. This is the reason that in the 
pediatric age group motion-resistant imaging is often 
critical. The most commonly employed Tl-weighted 
breathing-independent snap-shot sequence is termed 
magnetization-prepared rapid-acquisition gradient-echo 
(MP-RAGE). Current versions of MP-RAGE are limited 
because of low-signal to-noise ratio, varying signal 
intensity and contrast between sections, and the pres- 
ence of signal-nulling effects caused by inverting 180° 
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Fig. 17.3 Breathing-averaged (sedated patient) protocol MRI of the abdomen in a 3-year-old female at 1.5 T. Coronal 
water-excitation MP-RAGE (a), axial T2-weighted breathing-averaged fat suppressed spin-echo (£>), axial Tl -weighted fat-suppressed 
spin-echo (c), axial immediate postgadolinium MP-RAGE (d), and interstitial-phase Tl -weighted fat-suppressed spin-echo (e) images. 
Note that d has a grainier appearance than the same sequence at 3.0 T(see fig. 17. Id), reflecting the lower signal-to-noise ratio 
of MP-RAGE at 1.5 T. Motion-resistant protocol in a 2-year-old female at 3.0 T. Coronal T2-weighted single-shot echo-train 
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Fig. 17.3 (Continued) spin-echo (/"), axial Tl-weighted MPRAGE (g), axial Tl-weighted immediate postgadolinium WE-MPRAGE 
(h), axial Tl-weighted 60-s postgadolinium fat-suppressed WE-MPRAGE (i), and axial Tl-weighted 90-s postgadolinium WE-MPRAGE 
(/') images of a 2-year-old female with nephroblastomatosis. 
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Fig. 17.4 Standard breath hold cooperative protocol 
MRI of the abdomen in a 17-year-old female with cirrhosis 
and portal hypertension at 1.5 T. Coronal water-excitation 
MP-RAGE (a), axial T2-weighted single-shot echo-train spin-echo 
(b), axial Tl -weighted 3D gradient-echo (c), axial immediate (d), 
and 60-s (e) and 2-min (/") coronal fat-suppressed post-gadolinium 
3D gradient-echo images. Image quality is extremely high on all 
sequences, with clear demonstration of chronic liver disease and 
features of portal hypertension, such as varices and splenomegaly. 





Fig. 17.4 (Continued) Dermoid tumor in a 12-year-old 
female at 3.0 T. Coronal T2-weighted single-shot echo-train spin- 
echo (g), axial T2-weighted echo-train spin-echo (h), axial Tl- 
weighted fat-suppressed immediate postgadolinium 3D-GE (/), 
coronal Tl -weighted postgadolinium fat-suppressed 3D-GE image 
(/'), and sagittal postgadolinium Tl-weighted fat suppressed 3D-GE 
(k) images from a 12-year-old female. The images show a large left 
pelvic heterogeneously enhancing dermoid tumor that is extend- 
ing into the femoral canal and abuts the left pelvic side wall. 
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Table 17.1 Imaging Protocol Used at 1.5T 
and 3.0 T 


MR Sequence 


Imaging Plane 


Acquisition 
Time (s) 


Breath Hold Protocol 






T2-SS-ETSEt 


Coronal 


-45 


ln-/out-of-phase T1-GE 


Axial 


<20 


T2-SS-ETSE FS 


Axial 


-45 


MRCP 


Coronal 


5 


3D-GEJ 


Axial 


<20 


3D-GE postgadolinium 

1 . Hepatic arterial 

2. Portal venous 

3. Interstitial 

4. Interstitial 


Axial 
Axial 
Axial 
Coronal 


<20 
<20 
<20 
<20 


Breathing-Independent (Motion resistant) Protocol 


T2-SS-ETSE 


Coronal 


-45 


ln-/out-of-phase T1-GE 


Axial 


<40 


T2-SS-ETSE FS 


Axial 


-45 


WE-MPRAGE 


Axial coronal 


<40 
<40 


MRCP 


Coronal 


5 


WE-MPRAGE 


Axial 


90 


WE-MPRAGE postcontrast 

1 . Hepatic arterial 

2. Portal venous 

3. Interstitial 


Axial 
Axial 
Coronal 


-35 
-35 
-35 


Breathing-Averaged Protocol 






T2-SS-ETSE 


Coronal 


-30 


T2-SS-ETSE FS 


Axial 


30 


MRCP 


Axial 


5 


T2-ETSE-FS 


Axial 


240 


T1-SE FS 


Axial 


270 


WE-MPRAGE 


Axial 
Coronal 


<40 
<40 


ln-/out-of-phase T1-GE 


Coronal 


<20 


WE-MPRAGE 


Axial 


-100 


WE-MPRAGE postgadolinium 

1 . Hepatic arterial 

2. Portal venous 

3. Interstitial 

4. T1-SE FS 


Axial 
Axial 
Coronal 
Axial 


-35 
-35 
-35 
290 



1T2-SS-ETSE: T2-single-shot echo-train spin echo. 

J3D-GE: 3D gradient echo. 

°WE-MPRAGE: water-excitation-magnetization-prepared rapid gradient 

echo. This fast echo sequence uses an inversion before application in order 

to achieve better T1 weighting. 



pulses, which limit image quality on 1.5 T systems. 
Performing body MRI studies in children at 3 T allows 
for improved image quality because of the higher intrin- 
sic signal of the system that offsets the low signal of 
the sequence. Water excitation is a recommended addi- 



tion to the sequence as it improves the dynamic range 
of signal intensities of the various tissues. 

T2-Weighted Sequences 

Echo-Train Spin-Echo Sequence. Breathing- 
averaged echo-train spin echo results in consistent 
image quality in patients who are sedated. Since fat is 
very high in signal intensity on these sequences, usually 
fat suppression is required to optimize the soft tissue 
contrast between various tissues. Fat suppression should 
generally be applied in at least one set of images of the 
liver to ensure optimal contrast of high-signal abnor- 
malities such as cystic masses or fluid collections adja- 
cent to intraabdominal fat, and to improve liver lesion 
detection in the setting of fatty liver. 

Single-Shot Echo-Train Spin-Echo Sequence. 

This sequence uses very long echo train lengths and half- 
Fourier imaging to provide high-quality images in a short 
duration of time [17-21]. This sequence is routinely used 
in all body MRI studies but is especially important in 
children, as it does not require breath-holding coopera- 
tion. It is routinely useful to acquire single-shot ETSE 
without and with fat suppression [22]. This facilitates 
identification of lesions in fatty liver, and can also be used 
to identify the presence of fat in a variety of structures. 

Data Acquisition Parameters 

Magnetic Field Strength 

Over the last 5 years, one of the major advances in 
clinical MR imaging has been the more widespread use 
of 3.0 T imaging systems. Compared to 1.5 T systems, 
3.0 T provides higher signal-to-noise ratio, higher spatial 
resolution, higher speed, and better fat suppression. 
The high signal-to-noise ratio is crucial in younger chil- 
dren because of their smaller size [5, 6, 23-26]. Artifacts 
are, however, more common at 3.0 T compared to 1.5 
T [5, 6, 11, 23, 27, 28]. Standing wave artifacts are more 
evident at 3.0 T than 1.5 T and result in central signal 
loss in images obtained of the abdomen, which is made 
even worse in the setting of ascites. The smaller size of 
children and the infrequent occurrence of ascites result 
in less common and less severe standing wave artifacts 
than is observed in adults. 

Receiver Coil 

High spatial resolution and SNR are crucial. Receiver 
coils minimize the noise from nonimaged parts of the 
body, thereby improving the signal-to-noise ratio. 
Phased array coils, which contain multiple elements in 
contrast to the single channel coil, are now commonly 
used [5]. The coils used for 1.5 T and 3.0 T are different 
and may not be substituted for one another. Newer coil 
designs, such as 32-channel coils, hold the promise of 
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dramatically shortening data acquisition, such that stan- 
dard sequences can be performed with less patient 
cooperation. This may increase substantially the role of 
MRI in children in a variety of settings. 

MRI Examination 

In the pediatric population, we generally aim for scan- 
ning times of approximately 20 minutes for upper 
abdominal studies and 35 minutes for abdomen and 
pelvis studies (Table 17.1). For the purpose of categoriz- 
ing appropriate strategies, we have broadly classified 
children into three age groups based on their general 
level of cooperativeness: 

1. Infants (<1.5 year of age) 

2. Small children (1-6 years of age) 

3. Older children (6-18 years of age) 

Approaches to these three groups are described 
separately. 

Infants (<1.5 Years of Age) 

Infants comprise the pediatric population of age less 
than 1.5 years. The main challenge faced for MR imaging 
is physical movement and breathing activity of the 
patient. For minimizing these artifacts, the use of various 
protocols for sedation and general anesthesia in the 
pediatric population is widespread (Figs. 17.1 and 17.2). 
The choice of protocol strongly depends on the radiolo- 
gist's training and the availability of trained nursing staff 
and anesthesiologists. Imaging of infants may often be 
performed without sedation by organizing their feeding 
and sleep schedules according to the timing of the MRI 
study. In general, imaging of infants is better at 3.0 T 
than at 1.5T. This is essentially due to the small size of 
the organs in this group. The higher signal-to-noise ratio 
(SNR) of 3-0 T allows for thinner sections and higher 
image quality of water excitation Tl -weighted magne- 
tization-prepared gradient-echo imaging (WE-MPRAGE) 
[10, 11]. A compelling feature of WE-MPRAGE is that it 
is a single-shot technique and therefore does not require 
patient cooperation [11]. For identical reasons, the sin- 
gle-shot T2 -weighted echo-train spin-echo sequence is 
used in all MR protocols. Because of their higher intrin- 
sic SNR, and because patients are generally sedated, 
breathing-averaged Tl- and T2-weighted sequences 
form an important part of an MR imaging strategy in 
infants. Image quality and soft tissue contrast resolution 
are often improved with the use of fat suppression [10]. 
Fat suppression, as described above in the sequences 
section, provides significant signal difference between 
diseased tissue and normal tissue. As a time-saving 
device, T2-weighted sequences should be performed as 
echo-train sequences, which may also be considered on 



Tl -weighted sequences. It may be essential to use 
fat suppression on T2-weighted echo-train spin-echo 
sequences for liver imaging [7, 8, 12]. Fat suppression 
ensures optimal contrast between high-signal abnor- 
malities such as fluid collections or cystic masses and 
adjacent intra-abdominal or pelvic fat [13]. The basic 
MRI protocol in infants includes multiplanar noncon- 
trasted fat-suppressed Tl -weighted spin-echo and fat 
suppressed T2-weighted echo-train spin-echo sequences, 
then gadolinium administration, and finally WE-MPRAGE 
images in both the transverse and coronal planes. 

In selected patients in which thin section and more 
dynamic imaging is required after gadolinium adminis- 
tration, patients will undergo general anesthesia and 
may be imaged with respiration-suspended 3D gradient- 
echo imaging. In this approach, breathing is arrested 
while the patient is intubated and under general anes- 
thesia. This approach must be carefully choreographed 
with the anesthesiology team in order to accurately time 
the suspension of respiration with the data acquisition. 

Small Children (1-6 Years of Age) 

Since the anatomy in this age group is larger than in 
infants, it is not as crucial to image these patients with 3.0 
T. Adequate preparation of the small child involves gentle 
description of the upcoming procedure and recruitment 
of the parent or guardian for comforting. However, this 
age group is generally more alert and anxious, and there- 
fore more likely to require pharmaceutical sedation and 
restraints (Fig. 17.3). Pillows, Velcro straps, foam sponges, 
and tape are used to immobilize the child. Sedated 
patients can be swaddled in prewarmed blankets. 

Because many of these patients will require at least 
moderate sedation, the imaging protocol is essentially 
identical to that performed in infants. Suspended respi- 
ration imaging may also be indicated in selected indi- 
viduals. Older children within this age group may be 
sufficiently cooperative to undergo standard body MRI 
protocols without sedation. This is especially true if they 
are adequately prepared and coached, such as by child 
life specialists. 

Older Children (6—18 Years of Age) 

Older children are generally sufficiently cooperative 
(especially teenagers) to be imaged with standard body 
MR protocols. On modern MRI equipment the basic 
protocol includes single-shot T2-weighted echo-train 
spin echo (standard and with fat suppression), Tl- 
weighted in-phase/out-of-phase gradient echo, fat- 
suppressed 3D Tl -weighted gradient echo, gadolinium 
administration, and three passes using transverse 3D 
Tl -weighted gradient echo (Figs. 17.4). Adequate pre- 
paration and instructions to the patients improve their 
ability to cooperate fully with breath hold instructions 
[9]. When patients are properly prepared and coached, 
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the best quality of body MRI studies can be anticipated 
in children between 12 and 18 years of age. 

Sedation Technique 

Sedation may play an important role in pediatric 
imaging; however, there is an overall lack of conformity 
in the choice of technique, medication(s), and the level 
of sedation. Different hospitals have different protocols 
for sedation. It is important to form a strategy based on 
age, developmental level, and type of study ordered 
before the MRI procedure. 

Many newborns and infants can be successfully 
imaged without the need for sedation if the study is 
scheduled around the patients' feeding and sleeping 
schedules. Many older children (ages 6-18) may not 
require sedation; a child life specialist or a supportive 
parent may be useful in allaying anxieties and improv- 
ing cooperation. These alternative techniques require 
creativity, patience, and planning but are safer than 
sedation for certain patients. 

For any sedation procedure, children should be 
NPO for at least 4 hours before the examination. 
Monitoring of vital signs is essential. A nurse remains 
in the procedure area throughout the study and periodi- 
cally records vital signs (pulse oxygenation, ventilation, 
hemodynamics, and temperature). When conscious 
sedation is selected, the person sedating the patient 
should be trained in advanced life support. The use of 
midazolam is widespread for minimal sedation and 
anxiolysis. For moderate sedation, chloral hydrate in 
children <2 years of age and pentobarbital sodium for 
those >2 years old are used. Midazolam can also be 
used in conjunction if needed. Monitored conscious 
sedation is most appropriate for healthy children and 
short diagnostic examinations. Titration of medications 
is based on the sedation continuum described in 
Table 17.2. 

Before moderately sedating a pediatric patient, it is 
critical to do a thorough assessment including patient 
history, baseline vital signs, weight, airway examination, 
oropharyngeal examination, and a cardiopulmonary 
examination. The goal of this presedation assessment is 
the recognition of factors that may place the patient at 
increased risk for complications. The health care pro- 
vider can also utilize this time to educate the patient's 
caregivers and assess the patient's anxiety level, devel- 
opmental level, and individual personality. 

Most often general anesthesia is chosen when a 
pediatric patient has comorbidities that are contraindica- 
tions to conscious sedation or when timed breathing 
suspension would assist in improving the diagnostic 
quality of the images [14-16]. The presence of an anes- 
thesiologist is also essential for such procedures, and 
availability guides the frequency of general anesthesia. 



Table 17.2 Summary of Commonly Used 
Strategies for Pediatric Patients Receiving 
Body MRI 




Newborn 








to Infants 


1-6 


6-12 


Types of Sedation 


<1 year 


years old 


years old 


Coordinate Sleep/ 
Feed Schedule 


X 






Child Life Specialist 




X 


X 


Parent Support/ 
Assistance 




X 


X 


Anxiolysis 




X 


X 


Moderate Sedation 


X 


X 


X 


General Anesthesia 


X 


X 




Breathing Suspended 
General Anesthesia 


X 


X 





The presence of new MR-compatible monitoring 
technology and the availability of effective and short- 
acting drugs have resulted in anxiolysis and moderate 
sedation being more frequently used in the radiology 
setting by nonanesthesiologists. There are several classes 
of medications used for these purposes, including ben- 
zodiazepines, opioids, barbiturates, dissociative agents, 
and sedative hypnotic agents. 

The induction of sedation must be timed with the 
availability of MRI technologists and the MR room. The 
caregivers may be allowed to stay in the sedation room 
with the patient to comfort him/her. If the medication 
is given intravenously, the initial amount administered 
should be a low, weight-based dose that is then titrated 
at timed intervals for the desired effect. When moderate 
sedation has been achieved, the patient may be then 
taken to the scanner, where MRI compatible monitoring 
equipment may be placed on the patient. The patient 
is carefully positioned to maximize ventilation and 
decrease stimulation. 

The patient should be vigilantly monitored and 
assessed during the sedation induction, the MR exami- 
nation, and the recovery period. This allows the health- 
care provider to intervene immediately if the patient 
has a change in vital signs or becomes restless during 
the MRI. 

When the MRI is completed, the patient should be 
taken to a quiet area to recover and be given ample 
time to awaken before being discharged. Recovery time 
varies depending on the type and amount of drugs 
used. Most conventional discharge criteria require the 
patient to return to his/her baseline status with intact 
protective reflexes before discharge. The caregivers 
should be given verbal and written discharge instruc- 
tions before leaving the facility. It is often helpful 
to make sure the caregivers have a contact number to 
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call with concerns or questions they may have after 
discharge. 

Gadolinium-Based Contrast Agents 

The physician should pay special attention to the choice 
of appropriate gadolinium-based contrast agents (GBCA) 
in children. Although the incidence of renal failure and 
hence the risk of nephrogenic systemic fibrosis (NSF) is 
considerably lower in the pediatric population, it is imper- 
ative to follow guidelines at least as stringent as with 
adults. An additional concern that is critical for children 
is the potential for osseous deposition of gadolinium. As 
a result, we do not recommend the use of nonionic linear 
GBCAs, which exhibit lower conditional stability [29, 30]. 



FOLLOW-UP IN 
PEDIATRIC PATIENTS 



In settings where serial imaging follow-up of pediatric 
patients is desired, MRI is a preferred method to image 
them. The most important reason for this is the expo- 
sure to ionizing radiation that occurs with CT. An addi- 
tional consideration is that the risk associated with a 
stable chelate GBCA is less than with an iodinated 
contrast agent. Patients who have chronic diseases or 
malignancies that will involve serial re-evaluations of 
disease activity should undergo MRI. Examples include: 
hepatoblastoma (fig. 17.5), neuroblastoma, Wilms tumor, 
lymphoma (fig. 17.6), and Crohn disease. 





Fig. 17.5 Motion resistant protocol in an 18-month-old 

boy at 3 T. Coronal T2-weighted single-shot echo-train spin-echo 
(a), coronal water-excitation MP-RAGE (£>), axial T2-weighted 
single-shot echo-train spin-echo (c), axial water-excitation Tl- 
weighted MP-RAGE (d), and immediate (e) and 60-s (/") postgado- 
linium water-excitation MP-RAGE. All images show a large 
hepatoblastoma in the right lobe of the liver. All sequences are 
obtained without the requirement for breath holding. There is 
improved signal-to-noise ratio (SNR) with the use of 3 T magnet. 
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Fig. 17.5 (Continued) The high SNR of single-shot Tl- 
weighted sequences at 3 T allow for consistent good-quality 
images (*/-/), despite the use of intrinsically low signal sequences. 
Note the clear definition of the large malignancy due to the intrin- 
sic high SNR at 3 T. 






Fig. 17.6 Burkitt lymphoma. Transverse T2-weighted echo-train spin echo (a) and gadolinium-enhanced 3D gradient 
echo (b) of the liver and transverse 3D gradient echo of the pelvis (c). Extensive deposits of Burkitt lymphoma are noted in the 
liver, with prominent involvement of the periportal location, which is typical for lymphoma (a, b). In addition, peritoneal and 



IMPORTANT DISEASE ENTITIES IN PEDIATRIC PATIENTS 



1649 





Fig. 17.6 (Continued) bowel involvement are also noted. Six 
months after the commencement of chemotherapy the lympho- 
matous deposits have largely resolved, as shown on transverse 
T2-weighted echo-train spin-echo (d) and gadolinium-enhanced 
fat suppressed 3D-GE sequences (e). 



IMPORTANT DISEASE ENTITIES 

IN PEDIATRIC PATIENTS 

The disease entities that afflict children are described 
in other chapters in the particular organs of interest. 
Rather than repeating these descriptions, we list the 
disease entities below with a description of where the 
entity is described in the text. A few illustrations will 
be made. 

LIVER (Chapter 2) 

1. Ciliated hepatic foregut cyst (pp. 60, 171) 

2. Extramedullar hematopoiesis (pp. 67, 79-80) 

3. Infantile hemangioendothelioma (pp. 106-109) 

4. Hepatoblastoma (pp. 251, 253, 255) 

5. Undifferentiated sarcoma of the liver (pp. 251, 256) 

6. Wilson disease (pp. 315-317) 



7. Cirrhosis in pediatric patients (pp. 317-318) 

8. Mucopolysaccharidoses (pp. 384, 387) 

9. Arteriovenous malformation in Rendu-Osler-Weber 
Syndrome (pp. 388, 392) 

GALLBLADDER AND BILIARY SYSTEM (Chapter 3) 

1. Cystic diseases of bile ducts (pp. 505-511) 

2. Choledochal cyst (pp. 505, 508-510) 

3. Choledochocele (pp. 505, 511) 

4. Caroli disease (pp. 505, 511-513) 

PANCREAS (Chapter 4) 

1. Annular pancreas (pp. 541-544) 

2. Congenital absence of dorsal pancreatic anlage 
(p. 542) 

3. Short pancreas in the polysplenia syndrome (pp. 544, 
546) 

4. Cystic fibrosis (pp. 544-547) 
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5. Primary hemochromatosis (pp. 546, 548-549) 

6. Von Hippel-Lindau syndrome (pp. 549-550, 606) 

7. Autoimmune pancreatitis (pp. 656-666) 

SPLEEN (Chapter 5) 

1. Accessory Spleens (p. 681) 

2. Asplenia (pp. 681, 685) 

3. Polysplenia (pp. 681, 683, 685) 

4. Gaucher disease (p. 683) 

5. Sickle cell disease (pp. 683, 687) 

GASTROINTESTINAL TRACT (Chapter 6) 

1. Esophageal duplication cysts (pp. 726, 728) 

2. Gastric duplication cysts (p. 736) 

3. Congenital heterotopias (p. 736) 

4. Congenital diverticula (pp. 736, 770) 

5. Polyposis syndromes (pp. 829, 832, 837) 

6. Rotational abnormalities (p. 770) 

7. Diverticulum (pp. 736-737, 770-773) 

8. Meckel diverticulum (pp. 736, 770, 774) 

9. Intestinal atresia and stenosis (p. 770) 

10. Colonic duplication (pp. 827, 832) 

11. Anorectal anomalies (pp. 827, 869) 

ADRENAL GLANDS (Chapter 8) 

1. Congenital adrenal hyperplasia (p. 970) 

2. Neuroblastoma (p. 998, 1006, 1012-1017) 



FEMALE URETHRA AND VAGINA (Chapter 13) 

1. Duplication (pp. 1403, 1410, 1412) 

2. Ectopic ureterocele (p. 1403) 

3. Urethral diverticulum (pp. 1403, 1405-1407) 

4. Vaginal agenesis and partial agenesis (pp. 1410- 
1412) 

5. Vaginal atresia with hematometra (p. 1412) 

6. Mayer-Rokitansky-Klister-Hauser syndrome (pp. 
1411, 1413) 

7. Abnormalities of gonadal differentiation (Differentia- 
tion and gender assignment are well shown by MR 
examination. MR shows homogenous structure of 
testis and follicles in ovaries. It also recognizes the 
bulb of penis distinctively) (pp. 1410-1415) 

8. Ambiguous genitalia (pp. 1410, 1415) 

9. Low transverse vaginal septum and hematocolpos 
(p. 1414) 

10. Gartner duct cyst (pp. 1416, 1418-1419) 

11. Cavernous hemangioma (pp. 1416, 1420) 

UTERUS AND CERVIX (Chapter 14) 

1. Miillerian duct anomalies (pp. 1439-1448) 

2. Congenital disorders of sexual differentiation 
(p. 1448) 

ADENEXA (Chapter 15) 

1. Miillerian duct anomalies (pp. 1500, 1503-1504) 



KIDNEYS (Chapter 9) 

1. Persistent fetal lobulation (p. 1031) 

2. Ectopic kidney (p. 1032) 

3. Horseshoe kidney (pp. 1032, 1034) 

4. Crossed fused ectopia (pp. 1032, 1034) 

5. Duplication of the collecting system (pp. 1032, 1036) 

6. Hypoplastic kidney (pp. 1032, 1036) 

7. Pelvic kidney (pp. 1032-1033, 1035, 1050) 

8. Malrotation (p. 103D 

9. Medullary cystic disease (pp. 1049, 1059-1060) 

10. Tuberous sclerosis (pp. 1066, 1069-1070) 

11. Wilms tumor (pp. 1102-1105) 

RETROPERITONEUM (Chapter 10) 

1. Embryonal rhabdomyosarcoma (p. 1272) 

2. Vascular malformations (pp. 1230, 1274) 

BLADDER (Chapter 11) 

1. Congenital diverticulum (pp. 1299-1300) 

2. Rhabdomyosarcoma (p. 1316) 

MALE PELVIS (Chapter 12) 

1. Partial aplasia of corpora cavernosa (p. 1376) 

2. Testicular hypoplasia and aplasia (p. 1386) 

3. Cryptorchidism (pp. 1386-1388) 

4. Hydrocele (pp. 1388-1392) 



CONCLUSION 



MRI has an important role in imaging the pediatric 
population, which will only continue to increase with 
faster imaging capabilities. At the same time, the use of 
CT in pediatrics has known health risks that may become 
manifest. Abdominal MR is a powerful tool for the diag- 
nosis and management of many pediatric illnesses. It 
provides excellent anatomic information, especially 
with the use of 3.0 T MR systems, and does not utilize 
ionizing radiation, an important factor in pediatric 
imaging. MR has the potential to become a commonly 
used imaging modality for a wide range of pediatric 
illnesses, especially focal liver disease. Scanning proto- 
cols and sedation techniques are two important factors 
that must be carefully established in order to consis- 
tently obtain high-quality images. 
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ung cancer is the number one cause of cancer 
death in both men and women in the United 
States. More than 35 million people are living with 
chronic lung disease, including emphysema and asthma. 
Medical imaging of lung disease is a critical component 
of patient management. Chest X-ray and multidetector 
CT have been the mainstays of lung imaging. In the 
past, MRI of the lungs has been limited because of the 
low proton density of the lung parenchyma. This, in 
addition to magnetic susceptibility effects created by 
structural air-soft tissue interfaces in the lung, motion 
artifact, and long imaging times, has limited the success 
of lung MR. However, the development of faster 
sequences in conjunction with the use of advanced 
hardware and high-field-strength MR systems has sig- 
nificantly improved image quality. The lack of ionizing 
radiation may in the near future make MRI of the lungs 
ideal for those who must undergo serial imaging, for 
pediatric patients, and as a potential screening tool. In 
this chapter, we discuss current techniques, clinical 
applications, and future directions in MRI of the chest, 
excluding the heart. 



CURRENT TECHNIQUES 



MR has an established role in evaluation of intrathoracic 
processes such as pleural effusions and disease of 
the mediastinum, chest wall, and thoracic inlet [1-4]. 
Historically, the lung parenchyma has not been well 
visualized on MR because the signal from normal lung 
is not much greater than background air when conven- 
tional spin-echo, turbo spin-echo, and gradient-echo 
sequences are used. However, with fast T2-weighted 
sequences, images of the lung are improved [5-7]. In 
particular, single-shot T2-weighted echo-train spin-echo 
(ETSE) sequences are useful because they are generally 
motion insensitive and have little magnetic susceptibility 
or phase artifacts. Tl-weighted 3D gradient echo (GRE) 
is the other effective sequence for lung imaging and has 
been shown to be beneficial in detection of small pul- 
monary nodules [8]. T2-weighted ETSE images tend to 
have the least artifact but have less spatial resolution 
compared to 3D-GRE. In one study, 3D-GRE was shown 
to have fewer false positives than T2-weighted ETSE in 
the detection of pulmonary nodules [9]. When they are 
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Fig. 18.1 Artifact. Fat-suppressed 2D-GRE image in a 
patient with lung metastases. Two small metastases are seen in 
the peripheral right lung (small arrows). Substantial phase arti- 
fact from cardiac motion makes evaluation of the left lower 
lobe impossible (large arrow). 



used in combination, the accuracy of these techniques 
in the detection of pulmonary lesions has been shown 
to be quite high [10, 11]. 

Gadolinium-enhanced images are also necessary 
for MR assessment of the lungs. Gadolinium-enhanced 
3D-GRE images are preferred over 2D-GRE images 
because of reduced motion artifact [12-14]. Although 
peripheral nodules or peripheral disease may be well 
visualized with the 2D-GRE technique, substantial phase 
artifact in the retrocardiac region obscures portions of 
the lung parenchyma, making it a less useful technique 
(fig. 18.1). The 3D-GRE technique is free of this artifact, 
allowing for better evaluation of all portions of the lung 
(fig. 18.1). Inflammatory changes in interstitial lung 
disease, mediastinal and hilar adenopathy, and malig- 
nant nodules can be evaluated with contrast-enhanced 
GRE images [15-18]. The pulmonary vasculature can 
also be evaluated with 3D-GRE sequences because of 
its high spatial resolution, which enables reconstruction 
of high-quality 3D MIP and multiplanar reformatted 
images (fig. 18.2). Therefore, 3D-GRE sequence is 
particularly advantageous for the chest examination 
because this sequence can evaluate the lung paren- 
chyma, mediastinum, and vessels. 3.0 T MR imaging has 
also improved the image quality of postgadolinium 
3D-GRE sequences particularly, because of its higher 
signal-to-noise ratio. Higher signal-to-noise ratio can be 
translated into higher spatial and temporal resolution. 
Therefore, 3.0 T MRI allows the acquisition of higher- 
spatial resolution images faster. This is particularly 
advantageous for 3D-GRE soft tissue sequences and 
3D-GRE MR angiography (MRA) sequences. In summary, 
axial and coronal single-shot T2-weighted echo-train 



spin-echo, and pre- and postcontrast axial and coronal 
3D-GRE images are currently the most useful sequences 
for evaluating the lung parenchyma (fig. 18.2). 



PRIMARY LUNG CANCER 

Primary lung cancer can be detected and staged with 
MRI [19]. The combined use of T2-weighted ETSE and 
gadolinium-enhanced 3D-GRE images provides high- 
quality images of lung cancer, regardless of location 
(fig. 18.3). High soft tissue contrast resolution allows 
consistent demonstration of chest wall invasion with MR 
(fig. 18.4). This has been shown to be especially helpful 
in evaluating chest wall extension of Pancoast tumors 
because of the additional benefit of direct coronal 
imaging (fig. 18.5). T2- weighted echo-train spin echo 
has been shown to be useful in differentiation between 
tumor and atelectatic lung [8]. 



PULMONARY NODULES 

Virtually all studies comparing MR to CT in the detection 
of pulmonary nodules report similar performance, with 
CT being slightly better in the detection of small lesions. 
Sensitivity and specificity of detection of pulmonary 
nodules with MR have been reported as high as 93% 
and 96.2% compared to CT, but this varies depending 
on the size of lesion and the sequence used [19, 20]. 
Nodules as small as 3 mm can be seen with MRI [9, 15]. 
Tiny nodules that are missed on MR but seen on CT 
are often calcified or scarred (fibrotic), and thus have 
intrinsically low proton density and low signal. However, 
often CT cannot distinguish benign from malignant 
lesions at this size [21], and frequently the confirmation 
of benignity or malignancy can only be made by follow- 
up examinations. There are data to suggest that dynamic 
contrast-enhanced MR imaging can delineate kinetic 
and morphologic differences in vascularity and perfu- 
sion between benign and malignant pulmonary nodules, 
with washout being highly specific for malignancy 
[16]. On state-of-art MR systems, with phased-array 
torso coil, the combination of T2-weighted ETSE 
and gadolinium-enhanced fat-suppressed 3D-GRE tech- 
niques provides consistent and high-quality images of 
pulmonary nodules greater than or equal to 3 mm at 
3.0 T and greater than or equal to 4mm at 1.5 T (fig. 
18.6). At 3-0 T, the lower limit of lesion size for detec- 
tion is lower, reflecting the higher spatial resolution. In 
most cases, the gadolinium-enhanced 3D-GRE image 
sequence shows metastases most conspicuously. In 
some cases, metastases that presumably have high fluid 
content and diminished vascularity may be better visual- 
ized on T2-weighted ETSE. 
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Fig. 18.2 Normal chest. Transverse (a) and coronal (b) T2-weighted ETSE images and transverse (c) and coronal (d) post- 
contrast fat-suppressed 3D-GRE images in a normal subject. Note the lack of phase artifacts in the retrocardiac region. Coronal 
Tl -weighted postgadolinium fat-suppressed 3D-GE images (e, /), transverse Tl -weighted postgadolinium fat-suppressed 3D-GE 
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Fig. 18.2 (Continued) image (g), coronal Tl-weighted postg- 
adolinium subtracted 3D-GE images (h, i), and reconstructed 3D 
MIP image (/) in another patient with normal findings demonstrate 
lung parenchyma and vascular structures including pulmonary 
vasculature. Pulmonary arteries (thick arrows,/, f) and pulmonary 
veins (thin arrows,/, f) are shown. Minimal pulsation artifact over 
the right lung (e), which is due to cardiac pulsation, impairs the 
evaluation of lung parenchyma. However, transverse image shows 
there is no parenchymal abnormality in that region. Therefore, 
transverse and coronal images should be assessed together for 
the evaluation of lung parenchyma and pulmonary vascular 
structures. 
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Fig. 18.2 (Continued) 





Fig. 18.3 Primary lung cancer. T2-weighted ETSE (a) and postgadolinium fat-suppressed 3D-GRE image (b) in a patient with 
lung cancer (arrows, a, by, Tl-weighted postgadolinium fat-suppressed 3D-GRE images (c, d) in a second patient show primary 
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Fig. 18.3 (Continued) lung cancer (large arrow, c), pleural metastases (small arrows, c, d), and bone metastases (arrowhead, 
d). Transverse (e) and coronal (/") postgadolinium fat-suppressed 3D-GRE images in a third patient. The combination of the two 
techniques demonstrates the primary lung cancer, lymphadenopathy, and metastases consistently and well, regardless of location 
(arrows, e,f). Coronal T2-weighted single-shot echo-train spin-echo (g), transverse Tl-weighted postgadolinium SGE (h), and trans- 
verse Tl -weighted postgadolinium fat-suppressed 3D-GE (/') images demonstrate the primary lung cancer (arrows, g-i) located at 
the periphery of the right lung in another patient. The tumor shows progressive enhancement on postgadolinium images (h, f). 



PULMONARY NODULES 



1659 





Fig. 18.3 (Continued) Note the paraesophageal hiatal hernia. 
Coronal T2-weighted single-shot echo train spin echo (/') and trans- 
verse Tl-weighted postgadolinium fat-suppressed 3D-GE (k) 
images show the primary lung cancer (long arrows, j, k) in another 
patient. The tumor is located in the partially atelectatic right lung 
(short arrows, j, k). The mediastinum and the heart are deviated 
to the left side. Pleural effusion (P,j, k) is also noted. It should be 
noted in these examples that on early post contrast images, the 
primary tumor enhances less than adjacent collapsed lung, facili- 
tating the diagnosis of malignancy. 





Fig. 18.4 Primary lung cancer with chest wall invasion. Transverse (a) and coronal (b) Tl-weighted postgadolinium 
fat-suppressed 3D-GRE images in a patient with a large peripheral lung cancer that invades the chest wall (arrows, a, b). Transverse 




Fig. 18.4 (Continued) (c) and sagittal (d) Tl-weighted postgadolinium fat-suppressed 3D-GRE images in a second patient show 
chest wall invasion (arrows, c, d). 




Fig. 18.5 Pancoast tumor. Coronal T2-weighted ETSE id) 
and coronal (b), transverse (c), and sagittal (d) Tl-weighted post- 
gadolinium fat-suppressed 3D-GRE in patient with Pancoast tumor 
(arrows, a, b, d). Coronal (e) and transverse (/) Tl-weighted 
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Fig. 18.5 (Continued) postgadolinium fat-suppressed 3D-GRE images and Tl -weighted postgadolinium spin-echo image (g) in 
a second patient with Pancoast tumor. The combination of multiplanar imaging and high soft tissue contrast resolution results in 
excellent evaluation of Pancoast tumors. Soft tissue invasion at the thoracic inlet is well shown on direct coronal and sagittal imaging 
(arrows, a, b, d-g). 



1662 



Chapter 18 CHEST 





Fig. 18.6 Pulmonary nodules. Small lung metastases in ten patients (a-s). T2-weighted ETSE (e, g, m, n), fat-suppressed ETSE 
(a, c, k, I, o, u), and short tau inversion recovery (0 and multiplanar gradient-echo images (b, d,f, h, i,j,p-s, v, uf) in ten patients 
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Fig. 18.6 (Continued) are shown: patient 1 (a, by patient 2 (c, d)\ patient 3 (e,fy patient 4 (g, by patient 5 [i,j (coronal)]; 
patient 6 (k, /); patient 7 (m-py patient 8 (q, r); patient 9 (s); patient 10 (£-i//). T2-weighted single-shot echo-train spin-echo 
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Fig. 18.6 (Continued) coronal (m, n) and transverse (o) and transverse Tl-weighted fat-suppressed postgadolinium 3D-GE (p) 
images demonstrate the left lung (thick arrows, m, o, p) and subclavian lymph node (arrow, n) metastases in patient 7 with endo- 
metrial cancer. The lung metastasis show intense peripheral enhancement (thick arrow, p) on postgadolinium image (p). Note that 
there is an infiltrate (thin arrows, o, p) in the left lung. Transverse Tl-weighted postgadolinium fat-suppressed 3D-GE images 
(q, r) at 3.0 T demonstrate right pleural metastases and pleural metastatic thickening and a very small left lung metastasis (arrow, 
r) in patient 8 with HCC. 
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Fig. 18.6 (Continued) Transverse Tl-weighted postgadolin- 
ium fat-suppressed 3D-GE image (s) at 1.5T demonstrates two 
small metastases in patient 9 with HCC. The metastatic lesions 
show prominent enhancement. Transverse T2-weighted short tau 
inversion recovery (£), fat-suppressed T2-weighted single-shot 
echo-train echo (w), and fat-suppressed Tl-weighted postgado- 
linium 3D-GE (v, tu) images demonstrate a left lung nodule 
(arrows, t, v) in patient 10 with sarcoidosis. Multiple diffuse granu- 
lomas, which show low signal on T2-weighted images and lower 
enhancement compared to the surrounding parenchyma, are 
detected in the liver and spleen. Note that there are multiple 
lymph nodes (open arrow, u) in the para-aortic, paracaval, and 
portacaval regions. 
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HILAR AND 

MEDIASTINAL ADENOPATHY 

It is well supported in the literature that MR can be 
reliably used in the evaluation of mediastinal and hilar 
metastases [22-24]. Hilar adenopathy can be well imaged 
with gadolinium-enhanced 3D-GRE images [17]. The 
high spatial resolution of these images can be helpful 
for differentiating between nodes and vessels and is 
improved with the use of fat suppression (fig. 18.7). 
Promising new data suggest that short tau inversion 
recovery (STIR) echo-train spin-echo images of medias- 
tinal and hilar lymph nodes can be evaluated for the 
presence of metastases based on quantitative and quali- 
tative signal intensity [25]. 

PULMONARY INFILTRATES 

Pulmonary infiltrates with a high fluid volume or pro- 
minent granulation tissue may be well shown on 
combined T2-weighted sequences (fluid detection) and 
gadolinium enhanced 3D-GRE (granulation tissue detec- 
tion). Airspace and reticulonodular interstitial infiltrates 
may be adequately shown (fig. 18.8). Differentiating 
features of interstitial pneumonias are poorly demon- 
strated at the present time, however. 

PLEURAL DISEASE 

Pleural effusions may be evaluated on MR images and 
are best shown on T2-weighted images. Motion artifact 



from inspiration can result in variations in the signal of 
pleural effusions, and care must be taken not to confuse 
motion artifact with complex fluid. Motion-induced 
signal changes vary from slice to slice, whereas true 
complex effusions result in comparable appearance 
from slice to adjacent slice. The complexity of pleural 
fluid collections may be particularly well shown on MR 
images, especially single-shot T2-weighted images, in 
which higher-protein-content complex fluid appears 
lower signal than simple pleural fluid (fig. 18.9). 
Increased enhancement of inflamed pleura or abscess 
wall is well shown on fat-suppressed gadolinium- 
enhanced images. Pleural metastases, similar to peri- 
toneal metastases, demonstrate moderately intense 
enhancement and irregular pleural thickening on 
gadolinium-enhanced fat-suppressed 3D-GRE images 
(fig. 18.10). 



CHEST WALL MASS LESIONS 

Similar to mass lesions of the wall of the abdomen and 
pelvis, chest wall masses can be well depicted and the 
extent of the mass well shown on MR images. Sequences 
that perform well at showing chest wall lesions are non- 
contrast Tl-weighted GRE, fat-suppressed T2-weighted 
single-shot echo-train spin echo, and gadolinium- 
enhanced fat-suppressed Tl-weighted 3D-GRE images. 
On older MR systems, the proximity of air-filled lung has 
posed challenges to obtaining homogenous fat suppres- 
sion because of magnetic susceptibility effects, which has 
limited the role of MRI. On newer systems, homoge- 
neous fat-suppression is more readily achieved, allowing 




Fig. 18.7 Mediastinal lymphadenopathy. T2-weighted ETSE id) and postgadolinium fat-suppressed 3D-GRE (b) images 
demonstrate enlarged mediastinal lymph nodes (arrows, b) and left hilar adenopathy compressing the left pulmonary artery 
(curved arrow, b). T2-weighted ETSE (c) and postgadolinium 3D-GRE (d) images in a different patient demonstrate a large right 
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Fig. 18.7 (Continued) paratracheal lymph node (arrows, d). 
Transverse T2-weighted fat-suppressed single-shot echo-train spin- 
echo (e) and Tl -weighted postgadolinium fat-suppressed 3D-GE 
(f, g) images demonstrate subcarinal lymph node metastasis 
(arrows, e-g) in another patient with gastrinoma. 
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Fig. 18.8 Pulmonary infiltrate. T2-weighted ETSE (a, c, o, s), T2-weighted fat-suppressed ETSE (e, /, m, p, t\ and post- 
gadolinium fat-suppressed 3D-GRE images (b, d, g, b, j, k, I, n, q, r, u) in nine patients with pulmonary infiltrates (arrows): 
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Fig. 18.8 (Continued) patient 1 (a, by patient 2 (c, d)\ patient 3 (e-g); patient 4 [b, i (coronal)]; patient 5 (/', &); patient 6 (/); 
patient 7 (m, n); patient 8 (p-ry, patient 9 (s-u). Transverse T2-weighted fat-suppressed single-shot echo-train spin-echo (m) and 
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Fig. 18.8 (Continued) Tl-weighted fat-suppressed postgadolinium 3D-GE (n) images demonstrate lymphangitic spread in the 
right lung in patient 7 with lung cancer. Coronal T2-weighted single-shot echo-train spin-echo (o), transverse T2-weighted fat- 
suppressed single-shot echo-train spin-echo (p), and transverse Tl-weighted postgadolinium fat-suppressed 3D-GE (q, r) images 
demonstrate a consolidation (arrows, o-q) in the left lung in patient 8 with AIDS and disseminated Cryptococcus neoformans 
infection. There is minimal left pleural effusion seen as high signal intensity adjacent to the aorta. Note that there are multiple 
infectious foci seen as low-signal-intensity structures (arrow) in the spleen on postgadolinium image (r). 
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Fig. 18.8 (Continued) T2-weighted coronal (s) and trans- 
verse fat-suppressed (t) single-shot echo-train spin-echo, and 
transverse Tl -weighted postgadolinium fat-suppressed 3D-GE (u) 
images demonstrate bilateral pulmonary infiltrates and pleural 
effusions in patient 9 with cystic fibrosis. Note that the pleural 
effusion extends into the minor fissure on the right side. 






Fig. 18.9 Pleural disease. T2-weighted fat-suppressed ETSE image id) demonstrates complex pleural effusion with numerous 
low-signal regions (arrows). In a second patient, T2-weighted fat-suppressed ETSE (b) and postgadolinium fat-suppressed 3D-GRE (c) 
images show bilateral pleural effusions. Split pleura sign is well demonstrated on postgadolinium image (arrows, c). T2-weighted 




Fig. 18.9 (Continued) fat-suppressed ETSE id) and postgadolinium 3D-GRE transverse (e) and coronal (f) images in a third 
patient status post lobectomy show a complex collection with intense enhancement, consistent with an abscess (arrows, d-f). 
Coronal (g) and transverse (h) T2-weighted true fast imaging with steady-state precession (True-FISP) images demonstrate bilateral 
effusion (long arrows, g, h), pericardial effusion (open arrow, g, h), and bilateral pulmonary infiltrates (short arrows, g, h) in another 
patient with pregnancy. True-FISP sequence is a bright-blood technique and does not require contrast administration, and therefore 
can be used for the evaluation of suspected pulmonary embolism in pregnant patients. Note that there is a breast implant (*, h). 
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Fig. 18.10 Pleural metastases. T2-weighted fat-suppressed ETSE (a) and postgadolinium 3D-GRE (b) images show enhance- 
ment and thickening of the pleura consistent with pleural metastases (arrows, a, b). 



for high-image-quality studies that make use of the high 
soft tissue contrast of MRI (fig. 18.11). 



PULMONARY MRA AND 
PULMONARY EMBOLI 

Thousands of CT pulmonary angiographies (CTPA) and 
ventilation-perfusion (V/Q) studies are performed every 
year for the detection of pulmonary emboli. CTPA is the 
first-line imaging modality for the assessment of pulmo- 
nary arterial vasculature and has high accuracy for the 
detection of pulmonary emboli. However, the incidence 
of pulmonary emboli is relatively low in the young 
patient population. Our unpublished data show that 
only 5% of our patient population who were between 
18 and 45 years of age and had suspected pulmonary 
embolism had positive findings of pulmonary embolism 
on CTPA studies. While 35% of this young patient popu- 
lation have no pathologic findings on CTPA studies, 60% 
have other findings. Because CTPA and V/Q studies 
contain ionizing radiation and the incidence of pulmo- 
nary embolism is particularly low in young patients, MRI 
studies including soft tissue MRI sequences and/or MRA 
sequences may be a good alternative first-line imaging 
modality for the evaluation of pulmonary embolism in 
young patients (fig. 18.12). Additionally, true fast imaging 
with steady-state precession (True-FISP) sequences, a 
bright-blood technique that does not require the use of 
gadolinium-containing contrast agents, may be used as 
first-line imaging studies for the evaluation of pulmonary 
embolism in pregnant patients or in patients who are at 
risk for nephrogenic systemic fibrosis or do not have 
venous access (fig. 18.12). Our unpublished data show 
that the use of True-FISP is feasible for the evaluation 
of pulmonary vasculature. The use of parallel imaging, 



in conjunction with MRA sequences or other soft tissue 
MR sequences, allows for dramatic shortening of data 
acquisition and thus a shorter breath hold. Therefore, 
MRI and MRA are feasible in dyspneic patients as well. 
Gadolinium-enhanced 3D-GRE MRA is effective in evalu- 
ating the pulmonary arteries and produces high-quality 
images (fig. 18.12). The sensitivity and specificity of MR 
angiography with parallel imaging in the detection of 
pulmonary emboli are similar to CT, and higher than 
ventilation-perfusion scintigraphy [26-28]. An additional 
advantage of gadolinium-enhanced pulmonary MRA 
over CTPA is that gadolinium has a larger window of 
visibility in the pulmonary vessels than iodine on CT 
images, which renders timing of data acquisition less 
critical. This is particularly true if gadobenate dimeglu- 
mine (MultiHance) or gadofosveset trisodium (Vasovist) 
is employed, as these exhibit protein binding and persist 
in the vascular space for a longer duration than other 
standard gadolinium agents. This may prove to have an 
even greater improvement in MRA of the pulmonary 
vessels [29, 30]. Additionally, the use of 3D-GRE 
sequences can also detect pulmonary embolism in the 
pulmonary arteries including lobar and segmental arter- 
ies as well as parenchymal pathologies (fig. 18.12) [31]. 



THORACIC MRA 

MRA has an established role in the assessment of 
thoracic vascular abnormalities. Common applications 
include the evaluation of congenital anomalies such as 
aortic coarctation, vascular rings, and arteriovenous 
malformations. In patients with suspected vascular 
anomalies who are not dyspneic, gadolinium-enhanced 
3D MRA results in high-quality images and definition of 
these abnormalities (figs. 18.13 and 18.14). Thoracic 
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Fig. 18.11 Chest wall mass. Postgadolinium fat-suppressed 3D-GRE images (a, b) demonstrate multiple nerve sheath tumors 
in the left chest wall (arrows). Transverse Tl -weighted fat-suppressed 3D-GE (c), transverse T2-weighted short tau inversion recovery 
(d), coronal T2-weighted single-shot echo-train spin-echo (e), and coronal Tl -weighted fat-suppressed postgadolinium 3D-GE (/") 
images demonstrate a left paraspinal neurogenic tumor (arrows, c, d,f} in another patient. The tumor is located in the apical region 
and has a neural forminal extension (arrow, e). The tumor shows heterogeneous very bright signal on T2-weighted images and 
heterogeneous enhancement on postgadolinium images. There are cystic or necrotic regions in the tumor. 
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Fig. 18.12 Pulmonary MRA. Coronal maximum intensity projection (MIP) image (a) of postgadolinium 3D-MRA demonstrates 
excellent depiction of the pulmonary arteries. Coronal fat-suppressed 3D-GE MRA source images (b-d) and reconstructed 3D MIP 
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Fig. 18.12 (Continued) MRA image (e) demonstrate normal pulmonary vasculature at 3.0 T in another patient. Note that seg- 
mental and subsegmental pulmonary arteries can be visualized with pulmonary MRA, and 30 T MR imaging is particularly helpful 
because of high spatial and temporal resolution. Coronal T2-weighted true fast imaging with steady-state precession (True-FISP) 
images (f, g) demonstrate normal lobar and segmental pulmonary arteries in a pregnant patient. Pulmonary Emboli. Coronal T2- 
weighted single-shot echo-train spin-echo (h) and coronal (/') and transverse (/') Tl-weighted postgadolinium fat-suppressed 3D-GE 
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Fig. 18.12 (Continued) images demonstrate pulmonary 
emboli (curved arrows, i, 7) involving right interlobar artery and 
its branches and multiple liver (arrow, h) and lung (arrows, 3, 7) 
metastases in another patient with unknown primary. Transverse 
T2-weighted true fast imaging with steady-state precession 
(True-FISP) (fc) and transverse Tl -weighted postgadolinium fat- 
suppressed 3D-GE (/) images demonstrate the thrombus (black 
arrows, k, /) as a filling defect located in the left pulmonary artery 
extending into the left lower lobe artery (white arrow, /) in 
another patient. Note that there are bilateral pleural effusions and 
left lower lobe atelectasis. Transverse Tl -weighted postgadolin- 
ium fat-suppressed 3D-GE image (m) shows the thrombus (arrow) 
as a filling defect in the segmental artery of the left lower lobe. 
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Fig. 18.13 MRA of vascular abnormalities. Coronal (a) and 
sagittal MIP (6) images of postgadolinium 3D-MRA of the chest 
demonstrate a pulmonary artery aneurysm (arrows). In a second 
patient, Tl -weighted fat-suppressed 3D-GRE (c) and coronal MIP 
id) images of postgadolinium 3D-MRA show a posttraumatic arte- 
riovenous fistula involving pulmonary arteries and intercostal 
veins. Coronal postgadolinium 3D-GE images (e, /) demonstrate 
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Fig. 18.13 (Continued) decreased caliber of the left axillary vein (white long thick arrow,/) due to a proximal stenotic lesion 
in another patient. Note the normal calibers of the right subclavian (white long thin arrow, e), axillary (white short thin arrow,/), 
and left subclavian (black long thick arrow, e) veins. 





Fig. 18.14 Thoracic aorta. Parasagittal (LAO) MIP images (a, b, d) of postgadolinium 3D-MRA, source image (c), and 
multiplanar reformatted (MPR) transverse image (e). Patient 1 (a) is normal, and patients 2 (b, c) and 3 (c, d) have aortic disease. 



1680 



Chapter 18 CHEST 




Fig. 18.14 (Continued) Patient 2 has diffuse atherosclerotic 
changes and saccular aneurysm originating from the inferior 
surface of the aortic arch, and patient 3 has a pseudoaneurysm of 
the ascending aorta (arrows, d, e). The large vessels of the thoracic 
aorta are optimally studied with MRA employing a dynamic gado- 
linium-enhanced MRA technique. It is always essential to look at 
the source images (c) in addition to the reconstructed images (d), 
and it is quite often useful to perform MPR reconstructions in 
additional planes (e), especially for smaller vascular abnormalities. 
Sagittal 3D reconstructed MIP image (/") and coronal Tl -weighted 
postgadolinium fat-suppressed 3D-GE image (g) demonstrate sac- 
cular aortic aneurysm (black arrow,/; curved arrow, g) originating 
from the inferior surface of the aortic arch and diffuse ather- 
osclerotic changes in another patient. Coronal (h) and sagittal (i) 
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Fig. 18.14 (Continued) T2-weighted true fast imaging with steady-state precession (True-FISP) images demonstrate 
abdominal aortic aneurysm involving ascending and descending aorta in another patient. Note that the left ventricle wall is hyper- 
trophied. Sagittal 3D-GE MRA images (/'-/) and transverse reformatted image (m) demonstrate type B dissection in another patient. 
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Fig. 18.14 (Continued) The dissection flap is seen as intra- 
luminal hypointense structure (white arrows,y-m). The dissection 
starts distal to the subclavian artery and extends to the abdominal 
aorta. Note that there is an artifact (black arrows, j, m) simulating 
a dissection flap, which is parallel to the aortic wall. Sagittal 3D-GE 
MRA image (n) demonstrates type A dissection in another patient. 
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Fig. 18.14 (Continued) The dissection flap is seen as 
hypointense intraluminal structure (white arrows, n), and the dis- 
section involves the ascending, descending, and abdominal aorta. 
Parasagittal 3D reconstructed MIP images (o, p) demonstrate 
aortic coarctation in another patient. 
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Fig. 18.14 (Continued) 




MRA is often performed for evaluation of aortic aneu- 
rysms and aortic dissection. Dissections of the aorta, 
including Stanford type A or B dissections, are well 
studied with MRA using an LAO projection data acquisi- 
tion that follows the course of the aorta (fig. 18.14). 
More detailed discussion of MRA of the thoracic aorta 
is beyond the scope of this chapter and is well described 
in other sources [32]. 



SCREENING 

On January 31, 2005, the Department of Health and 
Human Services listed, for the first time, ionizing radia- 
tion as a known human carcinogen in the 11th Report 
on Carcinogens. Screening for disease with MR, which 
does not use ionizing radiation, may be more desirable. 
Two studies evaluated the use of MR as a screening 
tool for pulmonary metastases as part of a whole-body 
screening protocol and made comparisons with multi- 
detector CT. In one study, the rates of detection of 
pulmonary metastases on MR and CT were the same 



[331. In the other study, all pulmonary metastases visual- 
ized on MR were also seen on CT, but additional pul- 
monary metastases were shown on CT [5]. However, in 
those patients in whom additional metastases were 
depicted by CT, the clinical management would have 
remained the same because of the presence of other 
lung metastases. Most of the metastases missed had a 
fibrotic or scar component that made them difficult to 
visualize on MR. Comparison of MR with conventional 
chest X-ray has also been performed. ECG-triggered 
single-shot echo-train spin echo was shown to be more 
reliable in the detection of pulmonary nodules than 
chest X-ray [21] and may play a role in screening certain 
populations. This sequence has a short acquisition time 
and does not require the use of gadolinium. 



FUTURE DIRECTIONS 

In the near future one major hardware advance that has 
the potential to impact substantially on imaging of the 
lungs is the use of 32-channel (or higher) torso coils 
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that will facilitate high parallel imaging short-duration 
sequences. The benefit of this may be observed with 
pulmonary MRA. High-field MRI using 3.0 T systems 
may offer particular advantages for imaging the lungs 
as the high signal may be necessary to adequately 
demonstrate small nodules and different parenchymal 
disease. Pronounced differences in signal between 
normal lung and diseased lung result in a higher con- 
trast between the two when a 3.0 T scanner is used. 
Initial studies demonstrate that diffuse parenchymal dis- 
eases, including emphysema, sarcoid, pulmonary fibro- 
sis, and cystic fibrosis, can be visualized [34]. Inhaled 
hyperpolarized gases as contrast agents are used for 
pathophysiologic evaluation of the lungs. MR imaging 
of the lungs can be performed with inhaled noble gases 
helium-3 and xenon-129 [35]. Inhaled hyperpolarized 
gases provide high temporal and spatial resolution 
images of the lung airspaces. The technique can be 
used to evaluate ventilation/perfusion defects and to 
evaluate regional gas exchange. Its applications may 
include evaluation of patients with asthma, emphysema, 
cystic fibrosis, and lung transplant. Currently, the tech- 
nique is only performed at a limited number of institu- 
tions and for research purposes. Research studies have 
also described the use of inhaled aerosolized particulate 
gadolinium contrast agents that may better reflect airway 
dynamics [36]. 



REFERENCES 



1. Davis SD, Henschke CI, Yankelevitz DF et al. MR imaging of 
pleural effusions. J Comput Assist Tomogr 14(2): 192-198, 1990. 

2. Musset D, Grenier P, Carette MF et al. Primary lung cancer staging: 
prospective comparative study of MR imaging with CT. Radiology 
160(3): 607-611, 1986. 

3. Heelan RT, Demas BE, Caravelli JF et al. Superior sulcus tumors: 
CT and MR imaging. Radiology 170(3 Pt 1): 637-641, 1989. 

4. Webb WR, Gatsonis C, Zerhouni EA et al. CT and MR imaging in 
staging non-small cell bronchogenic carcinoma: report of the 
Radiologic Diagnostic Oncology Group. Radiology 178(3): 705- 
713, 1991. 

5. Lauenstein TC, Goehde SC, Herborn CU et al. Whole-body MR 
imaging: evaluation of patients for metastases. Radiology 233(1): 
139-148, 2004. 

6. Hatabu H, Gaa J, Tadamura E et al. MR imaging of pulmonary 
parenchyma with a half-Fourier single-shot turbo spin-echo 
(HASTE) sequence. Eur J Radiol 29(2): 152-159, 1999. 

7. Yamashita Y, Yokoyama T, Tomiguchi S et al. MR imaging of 
focal lung lesions: elimination of flow and motion artifact by 
breath-hold ECG-gated and black-blood techniques on T2- 
weighted turbo SE and STIR sequences. J Magn Reson Imaging 
9(5): 691-698, 1999. 

8. Both M, Schultze J, Reuter M et al. Fast Tl- and T2-weighted 
pulmonary MR-imaging in patients with bronchial carcinoma. Eur 
J Radiol 53(3): 478-488, 2005. 

9. Schafer JF, Vollmar J, Schick F et al. [Detection of pulmonary 
nodules with breath-hold magnetic resonance imaging in com- 
parison with computed tomography]. Rofo 177(1): 41-49, 2005. 



10. Thompson BH, Stanford W. MR imaging of pulmonary and medi- 
astinal malignancies. Magn Reson Imaging Clin N Am 8(4): 729- 
739, 2000. 

11. Chung MH, Lee HG, Kwon SS et al. MR imaging of solitary pul- 
monary lesion: emphasis on tuberculomas and comparison with 
tumors. J Magn Reson Imaging 11(6): 629-637, 2000. 

12. Semelka RC, Cem Balci N, Wilber KP et al. Breath-hold 3D gra- 
dient-echo MR imaging of the lung parenchyma: evaluation of 
reproducibility of image quality in normals and preliminary obser- 
vations in patients with disease. J Magn Reson Imaging 11(2): 
195-200, 2000. 

13. Bader TR, Semelka RC, Pedro MS et al. Magnetic resonance 
imaging of pulmonary parenchymal disease using a modified 
breath-hold 3D gradient-echo technique: initial observations. 
J Magn Reson Imaging 15(1): 31-38, 2002. 

14. Karabulut N, Martin DR, Yang M et al. MR imaging of the 
chest using a contrast-enhanced breath-hold modified three- 
dimensional gradient-echo technique: comparison with two- 
dimensional gradient-echo technique and multidetector CT. AJR 
Am J Roentgenol 179(5): 1225-1233, 2002. 

15. Semelka RC, Maycher B, Shoenut JP et al. Dynamic Gd-DTPA 
enhanced breath-hold 1.5T MRI of normal lungs and patients with 
interstitial lung disease and pulmonary nodules: preliminary 
results. Eur Radiol (2): 576-582, 1992. 

16. Schaefer JF, Vollmar J, Schick F et al. Solitary pulmonary nodules: 
dynamic contrast-enhanced MR imaging — perfusion differences in 
malignant and benign lesions. Radiology 232(2): 544-553, 2004. 

17. Hasegawa I, Eguchi K, Kohda E et al. Pulmonary hilar lymph 
nodes in lung cancer: assessment with 3D-dynamic contrast- 
enhanced MR imaging. Eur J Radiol 45(2): 129-134, 2003. 

18. Ohno Y, Adachi S, Motoyama A et al. Multiphase ECG-triggered 
3D contrast-enhanced MR angiography: utility for evaluation of 
hilar and mediastinal invasion of bronchogenic carcinoma. J Magn 
Reson Imaging 13(2): 215-224, 2001. 

19. Yi CA, Jeon TY, Lee KS et al. 3-T MRI: usefulness for evaluating 
primary lung cancer and small nodules in lobes not containing 
primary tumors. AJR Am J Roentgenol 189(2): 386-392, 2007. 

20. Vogt FM, Herborn CU, Hunold P et al. HASTE MRI versus chest 
radiography in the detection of pulmonary nodules: comparison 
with MDCT. AJR Am J Roentgenol 183(1): 71-78, 2004. 

21. Seemann MD, Seemann O, Luboldt W et al. Hybrid rendering of 
the chest and virtual bronchoscopy [corrected]. Eur J Med Res 
5(10): 431-437, 2000. 

22. Gamsu G, Webb WR, Sheldon P et al. Nuclear magnetic resonance 
imaging of the thorax. Radiology 147(2): 473-480, 1983. 

23. Webb WR, Gamsu G, Stark DD et al. Magnetic resonance imaging 
of the normal and abnormal pulmonary hila. Radiology 152(1): 
89-94, 1984. 

24. Kim HY, Yi CA, Lee KS et al. Nodal metastasis in non-small cell 
lung cancer: accuracy of 3.0-T MR imaging. Radiology 246(2): 
596-604, 2008. 

25. Ohno Y, Hatabu H, Takenaka D et al. Metastases in mediastinal 
and hilar lymph nodes in patients with non-small cell lung cancer: 
quantitative and qualitative assessment with STIR turbo spin-echo 
MR imaging. Radiology 23K3): 872-879, 2004. 

26. Ohno Y, Higashino T, Takenaka D et al. MR angiography with 
sensitivity encoding (SENSE) for suspected pulmonary embolism: 
comparison with MDCT and ventilation-perfusion scintigraphy. 
AJR Am J Roentgenol 183(1): 91-98, 2004. 

27. Kluge A, Luboldt W, Bachmann G. Acute pulmonary embolism 
to the subsegmental level: diagnostic accuracy of three MRI tech- 
niques compared with 16-MDCT. AJR Am J Roentgenol 187(1): 
W7-W14, 2006. 

28. Ersoy H, Goldhaber SZ, Cai T et al. Time-resolved MR angiography: 
a primary screening examination of patients with suspected 
pulmonary embolism and contraindications to administration of 



1686 



Chapter 18 CHEST 



iodinated contrast material. AJR Am J Roentgenol 188(5): 1246-1254, 
2007. 

29. Fink C, Goyen M, Lotz J. Magnetic resonance angiography with 
blood-pool contrast agents: future applications. Eur Radiol 17 
Suppl 2: B38-B44, 2007. 

30. Meaney JF, Goyen M. Recent advances in contrast-enhanced 
magnetic resonance angiography. Eur Radiol 17 Suppl 2: B2-6, 
2007. 

31. Altun E, Heredia V, Pamuklar E et al. Feasibility of postgadolinium 
3D gradient-echo sequence to evaluate the pulmonary arterial vas- 
culature in patients with suspected pulmonary embolism and other 
diseases involving the chest. Magn Reson Imaging 2009, in press. 

32. Schneider G, Prince MR, Meaney JM et al. Magnetic Resonance 
Angiography: Techniques, Indications, and Practical Applications. 
Milan, Italy: Springer, 2005. 



33. Goehde SC, Hunold P, Vogt FM et al. Full-body cardiovascular 
and tumor MRI for early detection of disease: feasibility and initial 
experience in 298 subjects. AJR Am J Roentgenol 184(2): 598-611, 
2005. 

34. Lutterbey G, Gieseke J, von Falkenhausen M et al. Lung MRI 
at 3.0 T: a comparison of helical CT and high-field MRI in 
the detection of diffuse lung disease. Eur Radiol 15(2): 324-328, 
2005. 

35. Moller HE, Chen XJ, Saam B et al. MRI of the lungs using 
hyperpolarized noble gases. Magn Reson Med 47(6): 1029-1051, 
2002. 

36. Hirsch W, Wenkel R, Eichler G et al. Pulmonary resorption of 
inhaled gadobutrol in an animal model: usage to determine lung 
diffusion in MRI examinations. Magn Reson Imaging 22(4): 489- 
493, 2004. 




BREAST 



DRAGANA DJILAS-IVANOVIC, HELMUTH SCHULTZE-HAACK, 
DAG PAVIC, AND RICHARD C. SEMELKA 



INTRODUCTION 



Breast cancer is the second most common type of 
cancer after lung cancer, and therefore a major health 
problem all over the world. It accounts for almost 
40,000 deaths among American women per year. The 
large number of women at risk for this disease makes 
a broad-based screening of the population necessary. 

Mammography has long been used for early detec- 
tion and screening for breast cancers. With optimal 
technique and patient conditions, it has a reported sen- 
sitivity between 69% and 90% and specificity between 
10% and 40%. Many factors (i.e., younger patients, 
implants, and postsurgical state), including breast tissue 
density, can affect these values. The use of mammog- 
raphy alone is believed to miss between 10% and 30% 
of all breast cancers. Sensitivity is variable even if 
double reading, either by computer-aided detection 
(CAD) software or by another radiologist, is employed 
as standard procedure [1-3]. 

Ultrasound has been used as an adjunct to mam- 
mography, with particular value in differentiating cystic 
from solid lesions and in facilitating guided biopsy of 



suspicious areas. However, ultrasound has limitations, 
including the possibility of missing microcalcincations 
[associated with ductal carcinoma in situ (DCIS)], and 
high level of operator dependence [1, 4]. 

The clinical importance of magnetic resonance 
imaging (MRI) in the detection of breast cancer with a 
contrast-enhanced MRI protocol has been established 
[5-7]. MRI is emerging as the most sensitive modality 
available for the detection of primary or recurrent breast 
cancer. The published sensitivity ranges between 89% 
and 100% [8-19]. The specificity of breast MRI has been 
reported to be more variable, overall ranging between 
20% and 100% [8-15], with more recent studies yielding 
70-90%. Since there is no radiation exposure, which 
represents a risk factor for cancer development, MRI is 
the ideal tool for periodic clinical examinations. 



NORMAL ANATOMY 

The breast is a modified skin gland enveloped in fibrous 
fascia. The adult breast lies between the 2nd and 6th 
ribs in the vertical axis and between the sternal edge 
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and the midaxillary line in the horizontal axis. It is 
attached to the dermis by fibrous bands called suspen- 
sory (Cooper) ligaments anteriorly, and the posterior 
surface is the pectoral fascia. Approximately three- 
quarters of the breast lie on the pectoralis major muscle 
(superior and medial portions). 

The breast tissue is divided into upper outer, upper 
inner, lower outer, and lower inner quadrants, the sub- 
areolar area, and the axillary tail of the upper outer 
quadrant. The arterial blood supply is derived from the 
axillary, intercostal, and internal mammary arteries, 
and venous drainage is into the axillary and internal 
mammary veins. Lymphatic drainage is to the axillary, 
subclavicular, and internal mammary lymph nodes. 
While drainage from the upper outer quadrant is pre- 
dominantly to the axillary lymph nodes (75-90%), drain- 
age from the inner quadrants is to the internal mammary 
chain of nodes. The nerves are branches of the thoracic 
segmentals [20, 21]. 

The breast is composed of three major structures: 
skin, subcutaneous tissue including fat, and breast 
tissue. The breast parenchyma consists of 15-20 seg- 
ments (lobes) radially distributed around the nipple. 
The nipple is the centrally located structure surrounded 
by the areola. Within the areolar dermis exist numerous 
sebaceous glands (the glands of Montgomery) and apo- 
crine glands, as well as lactiferous ducts, which course 
through the dermis and open into the nipple epidermis. 
Each segment is drained by a collecting duct. These are 
about 2 mm wide, and they connect the nipple with 
lactiferous sinuses. Segmental (lactiferous) and sub- 
segmental (major) ducts connect lactiferous sinuses 
with terminal duct-lobular units (TDLUs). Lobules are 
composed of terminal ducts and acini and their special- 
ized supporting stroma. All these structures constitute 
the breast parenchyma, surrounded by a variable 
amount of adipose tissue, depending on the age and 
individual body habitus (adolescent women typically 
have dense, fibrous breasts, while postmenopausal 
women have predominantly fatty breasts). Abundant 
fibrous tissue makes radiographic evaluation more chal- 
lenging because tumors also contain fibrous tissue, 
creating an appearance similar to normal tissue in a 
mammogram [20-22]. 

The premenopausal breast is a hormone-responsive 
organ. Estrogens cause increased blood flow through 
breast parenchyma in the second half of a cycle [23, 
24]. In pregnancy, there is also a pronounced hormon- 
ally induced increase in the number of terminal ducts. 
The lobular epithelium increases at the expense of 
fibrofatty stroma. During lactation, the breast epithelial 
cells become vacuolated and lobular glands are dis- 
tended with secretions. 

Postmenopausal breast involution is generally char- 
acterized by regression of the parenchymal TDLUs. 



Breasts of postmenopausal women contain mostly fatty 
and fibroconnective tissue, with a marked reduction in 
the amount of glandular tissue [25, 26]. 



BREAST MRI 

Because of the high spatial resolution of MRI, the 
anatomy of the breast can be exquisitely visualized 
(fig. 19.1). 

Over the past decade, there has been a marked 
increase in the use of MRI of the breast. Multiple 
research studies have confirmed improved cancer detec- 
tion, diagnosis, and evaluation of response to therapy 
with breast MRI compared to mammography and 
ultrasound. 

Conventional noncontrast MR exam alone is not 
useful for the screening or diagnosis of breast cancer, 
because the differences in Tl and T2 relaxation times 
of benign and malignant breast lesions are not signifi- 
cant. The only indication for noncontrast breast MRI is 
detection and evaluation of implant rupture (fig. 19.2). 
For silicone implant evaluation, T2-weighted fast spin- 
echo sequences using inversion recovery for fat sup- 
pression and chemical saturation of the water signal are 
often sufficient [27]. 

Gadolinium-based contrast agent (GBCA) is essen- 
tial for breast MRI (fig. 19-3). In cancers, early and 
significant increase in signal intensity after contrast 
injection is often seen, due to the increased density and 
leakiness of micro vessels in tumor tissue [27]. Contrast- 
enhanced MRI has been shown to help in the differen- 
tiation of benign and malignant lesions, as rate and 
extent of enhancement reflect tumor-mediated angio- 
genesis [1, 4]. When invasive breast cancers grow 
beyond a size of a few millimeters, their high metabolic 
demand for oxygen and nutrients exceeds the supply 
provided by diffusion through normal vessels of fibro- 
glandular tissue. The gap between demand and supply 
increases with increasing tumor size and causes the 
formation of new vessels or the sprouting of existing 
capillaries in the peritumoral stroma — a process referred 
to as angiogenesis or neoangiogenesis [28-30]. This 
angiogenic activity is therefore the basis of breast 
cancer detection and differential diagnosis with MRI. 
However, the signal enhancement does not depend 
linearly on the local concentration of contrast agent, but 
is also influenced by other factors such as Tl relaxation 
time of different tissues, diffusion rate of the contrast 
agent used, relaxivity of the contrast agent, and other 
factors [30]. 

Angiogenic activity is not pathognomonic for malig- 
nant tissue, but is also found in other conditions, includ- 
ing inflammatory changes or during wound healing [30]. 
Microcalcifications, which represent one of the most 
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Fig. 19-1 Normal anatomy of the breast. The exquisite image quality in depicting the entire breast anatomy was possible 
with the 3T MRI unit with the 8-channel dedicated breast coil. Axial T2-weighted (a) and 3D gradient echo with fat suppression 
[volume imaging with enhanced water signal (VIEWS)] (b) images show normal breast anatomy. Fibroglandular tissue appears as 
dark, hypointense signal, and fat is shown as bright, hyperintense signal on T2-weighted image. 3D gradient recalled echo (GRE) 
images show hyperintense fibroglandular tissue and low-intensity fat tissue. On postcontrast GRE (c) and subtracted (d) images, 
there is no significant increase in signal enhancement of the breast tissue, indicating MRI background enhancement type 1 . Note 
the small amount of T2-weighted hypointense scar tissue in the upper outer quadrant of the right breast (arrow, a), as a conse- 
quence of prior benign surgery. 




Fig. 19.2 Silicone implant extracapsular rupture. Axial T2-weighted (a) and axial short tau inversion recovery (STIR) with 
chemical saturation of water-silicone specific (£>) images show bilateral subglandular implants. Radial folds are seen bilaterally (£>) 
as curved hypointense lines, perpendicular to the capsule (posterolateral aspect of the left breast implant and medial aspect of the 
right breast implant). In anteromedial aspect of the right breast implant a subcapsular line is seen, indicating implant rupture. Ill- 
defined, high-signal anterior to the implant and adjacent to it corresponds to extracapsular silicone, best appreciated in b. 
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Fig. 19.3 Contrast-enhanced MRI using gadolinium- 
based contrast agent (GBCA) is essential for breast MRI. 

Axial T2-weighted (a) and axial Tl -weighted gradient-echo (GE) 
images (b) show normal anatomy without any visible lesions. On 
postcontrast Tl -weighted GRE image 1 min after administration of 
GBCA (c), a lesion is detected due to the increased density and 
leakiness of the microvessels in tumor tissue. There is high signal 
intensity of the lesion measuring about 15 mm in the longest 
diameter in the upper outer quadrant of the right breast, which 
is better appreciated on subtracted id) and maximum intensity 
projection (MIP) (e) images. 




common findings related to breast cancer seen on mam- 
mograms, are usually not detectable on MRI, except 
occasionally, as tiny signal voids [27]. Despite the fact 
that many benign and malignant entities enhance on 
GBCA-enhanced MRI, their enhancement kinetic pro- 
files and morphologic characteristics help to narrow the 
differential diagnosis [31]. 

Close and consistent correlation between invasive 
growth and angiogenic activity explains the high sensi- 
tivity for the detection of invasive breast cancer that is 
afforded by MRI; in contrast, the weak or inconsistent 



angiogenic activity that can be associated with invasive 
lobular cancers and pure intraductal cancer explains the 
diagnostic difficulties in detecting these conditions [30]. 
In many cases, the observation of enhancement as 
a function of time permits distinction between benign 
and malignant lesions. Neoangiogenesis of most malig- 
nant lesions is reflected by early intense enhancement 
and faster washout times (the time it takes for clearance 
of the contrast material from the lesion). Most breast 
cancers will show more than 70% increase in signal 
intensity within 2 min after intravenous administration 
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of GBCA. This enhancement behavior can be demon- 
strated with fast dynamic Tl -weighted sequences. Fairly 
high temporal resolution is required in order to obtain 
multiple scans during the optimal imaging period. 
Dynamic imaging includes a precontrast reference scan 
and multiple identical scans acquired after contrast 
injection in such a way that the first postcontrast scan 
is most sensitive to contrast and signal (center of 
k-space) at 60-90 s after onset of contrast injection. The 
whole dynamic contrast-enhanced series should last 
until about lOmin after contrast. 

In postprocessing of dynamic imaging, it is useful 
to obtain time versus enhancement intensity curves 
from a representative region of interest (ROI). The size 
of the ROI should be greater then three pixels, and it 
should be placed over the most intense enhancement 
seen on the first postcontrast image. If multiple ROIs 
are applied in the same lesion, the most suspicious 
curve should be reported [32]. Commercially available 
computer-aided diagnosis (CAD) packages for breast 
MRI automate this process, as the whole breast is evalu- 
ated for pattern of enhancement on a pixel-by-pixel 
basis, resulting in parametric images. Color-coded 
overlay can be displayed over the original or subtracted 
scans. As with mammography CAD, color coding pin- 
points the most suspicious areas and thus guides sub- 
sequent evaluation with time-intensity curves. 

Time-intensity curves can be divided into three 
groups (fig. 19.4). Type I curves are characterized by a 
gradual and constant increase in enhancement over 
time (persistent enhancement) and support the finding 
of benign behavior. Type II curves are characterized by 
an initial rise in enhancement intensity followed by a 
plateau and can represent either benign or malignant 
lesions. Type III curves are the classic washout curves; 
a rapid initial rise in enhancement followed by marked 
decrease of signal intensity usually indicates malignancy 
[33]. However, some types of malignant lesions such as 
DCIS may sometimes exhibit Type I curves, whereas 
benign lesions such as intramammary lymph nodes, 
papilloma, or even fibroadenoma may at times show 
Type III curves. Therefore, enhancement curve type 
should be treated as ancillary or complementary infor- 
mation in evaluation of breast lesions. 

Some studies have shown that architectural features 
like irregular tumor margins, peripheral enhancement, 
local area enhancement, and enhancement in segmental 
distribution favor the diagnosis of breast carcinoma [7]. 
On the other end of the spectrum, masses with lobular 
and smooth margins and with hypointense internal 
septations are consistent with fibroadenomas [17]. For 
accurate assessment of the architecture, high spatial 
resolution in breast MRI is mandatory. 

In the early adoption of MRI in breast imaging, 
two approaches were established, one focusing on 



the rapid acquisition of images of both breasts after 
contrast injection (high temporal resolution of the 
"dynamic" school) and the other focusing on three- 
dimensional gradient-echo imaging with thin slices 
through one breast (high spatial resolution of the "static" 
school). The dynamic school put emphasis on evalua- 
tion of various enhancement profiles over time, while 
the static school stressed morphologic features in 
differentiation between malignant and benign lesions 
[34]. By 2000, most radiologists agreed that both high 
temporal and high spatial resolution are needed in 
the diagnostic process, to gain information about both 
the pharmacokinetics and the morphology of breast 
lesions [35]. 

High temporal resolution (i.e., acquisition speed) is 
required not only for the assessment of the enhance- 
ment kinetics of the lesion during dynamic imaging but 
also because only in the early postcontrast phase is the 
analysis of subtle morphologic features feasible. The 
challenge of current breast MRI is to compromise 
between the diverging demands of high spatial resolu- 
tion and high temporal resolution. Recent technological 
advances in MRI such as parallel imaging and commer- 
cially available MR units with high-strength magnetic 
fields (3T or more) combined with fast switching, strong 
gradient systems, provide both high spatial resolution 
and high temporal resolution [30]. 

Indications for Breast MRI 

Breast MRI is indicated for: 

• Evaluation of silicone implants 

• Screening in high-risk patients (family risk, prior 
chest irradiation, prior breast cancer) 

• Lesion characterization in selected cases 

• Staging of known breast cancer before therapy 

• Screening of the contralateral breast in patients with 
a new breast malignancy 

• Searching for occult carcinoma (unknown primary) 

• Monitoring treatment response of preoperative 
chemotherapy 

• Differentiation between postoperative changes and 
recurrent tumor 

• MRI-guided interventions (biopsy, preoperative wire 
localization) 

• Mammographically dense breasts 

Breast MRI is not at present indicated for: 

• Replacement for mammography and/or ultrasound 
(they are complementary) 

• Evaluation of mastitis/abscess formation 

• Evaluation of calcifications 

• Nipple discharge 
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Fig. 19-4 The analysis of dynamic MR images helps to 
distinguish between benign and malignant lesions. The 

increase in signal intensity can be demonstrated with recurring 
fast dynamic Tl -weighted sequences starting before contrast 
injection and ending about 6-10min after GBCA application. 
Postprocessing of dynamic images with region of interest (ROI) 
analysis is applied to display time-intensity curves. The ROI posi- 
tioned over the most enhancing part of the lesion can show a Type 
I (persistent enhancement; a), Type II (plateau; £>), or Type III 
(washout; c) curve. 




Technical Requirements 

Magnetic Field Strength 

The magnetic field strength (B ) and signal-to-noise- 
ratio (SNR) are linearly dependent: An increase of B 
results in higher SNR, and, as a result, higher-spatial- 
resolution images can be obtained in a relatively short 
acquisition time, if appropriate pulse sequences are 
used. The magnetic field should be homogeneous 



across the entire field of view (FOV) to allow optimal 
image quality when fat suppression sequences are used 
[30]. MRI scanners with low to intermediate field 
strengths (less than LOT) should not be used, in order 
to ensure the best image quality and diagnostic accu- 
racy, as spatial and temporal resolution and fat-water 
separation are all suboptimal [31]. According to recently 
published studies, the majority of cancers that went 
undetected at MRI were imaged with LOT systems [36, 
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37]. A recently published intraindividual comparative 
study [38] showed that image quality was slightly but 
significantly higher at 3.0 T than at 1.5 T. 

Gradient System 

The strength, that is, the maximum amplitude and the 
rise time (slew rate), of the gradient system that manipu- 
lates the magnetic field for image creation plays a key 
role in providing high spatial and temporal resolution 
scans. With a strong gradient system, the field strength 
limitation can largely be overcome. 

Imaging Coils 

Breast MR exams are performed with the patient in a 
prone position, using dedicated breast surface coils (fig. 
19.5). The closer the receiver coil is to the breasts, the 
better the SNR. All coils in use today are for bilateral 
imaging, covering both breasts with extension into the 
axilla. In addition, many dedicated breast surface coils 
have an open design, allowing access to the breast for 
MRI-guided interventions such as preoperative wire 
localizations and needle biopsies [35]. However, the 
open configuration comes at the expense of some SNR. 
Multichannel coils (currently 2-1 6 channels) may also 
provide a higher SNR and are compatible with current 
parallel imaging techniques [31]. 



Imaging Plane 

The choice of imaging plane has different consider- 
ations and proponents. Nowadays, many radiologists 
prefer the transverse (axial) imaging plane, for various 
reasons. Its major advantage lies in the simultaneous 
demonstration of both breasts, and it is helpful in delin- 
eating or excluding chest wall invasion. The generation 
of maximum intensity projection (MIP) images of an 
axial image data set allows a presentation similar to the 
cranio-caudal (CC) view of routine mammograms. The 
theoretical advantage of coronal imaging is a significant 
reduction (50%) in acquisition time [because they can 
be acquired with a 50% rectangular field of view (FOV)], 
but more sections would be needed to cover the entire 
volume of the breast in the anterior-posterior dimen- 
sion. In addition, coronal-plane imaging suffers from 
greater artifacts due to respiratory motion and pulsation 
artifacts. Another advantage of the coronal imaging 
plane, straightforward lesion localization in o'clock 
fashion, is now outdated. High-quality coronal recon- 
structions are easily obtained from axial or sagittal 
scans, especially if these had isotropic voxels. 

Some may still advocate using the sagittal imaging 
plane, because of its similarity to a mammogram. This 
is rarely true, since the closest routine mammogram 
view would be the medio-lateral-oblique (mlo), which 





Fig. 19-5 Dedicated open surface coils for breast MRI. A 16-channel dedicated breast coil is shown in a. The coil shown 
in b is used for both imaging and MR-guided interventions. There is a pillar-and-post type compression plate placed under the 
opening for the right breast. 
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is not a true sagittal view. The sagittal imaging plane 
has the technical advantage of a relatively small FOV, 
which is sufficient to cover the breast and makes a 
homogeneous magnetic field more easily achievable. 
The main disadvantage of sagittal imaging is that in 
order to maintain near-isotropic voxels far too many 
sections are necessary to cover both breasts. Simultaneous 
bilateral imaging allows the assessment of breast asym- 
metry, increases the conspicuity of asymmetric diffuse 
enhancement, and diminishes the number of false- 
positive findings resulting from heterogeneous enhance- 
ment that occasionally is observed in hormonally active 
breasts. It is essential for the detection of a synchronous 
and otherwise occult cancer in the contralateral breast, 
which occurs in approximately 3-5% of women with a 
diagnosis of breast cancer [391. 

Patient Preparation and Positioning 

Before starting the examination, it is extremely impor- 
tant to provide the patient with all the necessary infor- 
mation in order to achieve adequate psychological 
preparation. Her contribution to a successful outcome 
of the examination is more important than in any other 
MR examination. The MRI technologist or radiologist 
should inform the patient of the approximate duration 
of the image acquisition, of the ability to communicate 
via intercom, and finally of the crucial importance of 
remaining still during the entire image acquisition 
period since multiple dynamic image data sets are sub- 
tracted from each other. Any patient motion will prevent 
optimal results. The patient must feel comfortable 
during the examination as this will improve compliance 
and prevent excessive motion. The arms of the patient 
should be positioned above her head or along her 
body, always stabilized in order to prevent wraparound 
artifacts, when the left-right phase encoding direction 
is selected for transverse imaging. With small breasts it 
is usually better to have the arms alongside the body 
and breast coil padding removed in order to have the 
breasts deeper in the coil. This is especially important 
when performing MRI-guided interventions. If an infu- 
sion line is placed in the medial antecubital vein it too 
will be more secure. Sometimes it is useful to gently 
confine the extension of the breasts in the cranio-caudal 
direction, if transverse imaging is employed in order to 
reduce the number of images and improve spatial reso- 
lution. Hard compression of the breasts should, however, 
be avoided since the tumor vessels are thin walled, 
pliable, and easily constricted, preventing contrast 
medium inflow. The patient's head should be supported 
by a head holder or pillow, primarily for comfort but 
also to avoid wraparound artifacts if the superior-infe- 
rior phase-encoding direction is chosen for sagittal 
imaging [31]. It is advisable to check the position of the 
breasts once more before starting the acquisition to 



ensure that each breast is hanging as deeply as possible 
within the coil opening with the nipples centered and 
pointing straight down. In this way, the possibility of 
signal hot spots, due to distortions of breast tissue or 
partial placement in the coil, and of poor image quality 
along the chest wall and axilla, will be reduced to a 
minimum. 

Contrast Administration 

Breast MRI performed to evaluate a patient for breast 
cancer requires the use of a GBCA. Applications of 
either a single dose of O.lmmol/kg body weight or a 
double dose of 0.2mmol/kg body weight have been 
described. To date, no strong data are available to 
support the advantage of double dosing for improved 
diagnostic accuracy. Therefore, because of concerns of 
tissue deposition, most notably nephrogenic systemic 
fibrosis, a single dose is recommended. It is adminis- 
tered via an indwelling catheter as a bolus injection 
followed by a 20-ml saline flush [27]. It is recommended 
to use a power injector at a rate of 2ml/s to achieve 
consistency in the timing of contrast enhancement, if 
possible [31]. A saline flush is needed to push the con- 
trast medium through the tubing and ensure that the 
full contrast dose has been delivered. 

Imaging Protocol 

The initial sequence should be T2-weighted echo-train 
spin echo or a short TI inversion recovery (STIR) as T2 
characteristics of a breast lesion could be crucial for 
differential diagnosis [40]. STIR images show cysts, 
effusion, and inflammatory processes as bright, while 
suppressing signal from fat. For contrast-enhanced Tl- 
weighted imaging we employ a 3D spoiled gradient- 
echo sequence with a short repetition time, a very short 
echo time, and a shallow flip angle [31]. There is an 
important choice between two-dimensional (2D) and 
three-dimensional (3D) imaging. 3D imaging indicates 
that phase encoding, frequency encoding, and section 
encoding are achieved by applying suitable gradients 
during image acquisition. For 2D imaging, section 
encoding is achieved by means of selective excitation. 
3D imaging has a significant advantage of a higher 
inherent SNR, which allows thinner sections to be 
acquired and overall increased spatial resolution in a 
given acquisition time [30]. Most current 1.5 T and higher 
field systems have excellent homogeneity, sufficient 
gradient strength and speed, and computer capability 
to provide good 3D image quality. Near-isotropic voxels, 
1 mm or better, can be obtained. The 3D acquisition is 
also more forgiving in regard to breathing artifacts. 
Often some type of fat suppression is employed in order 
to facilitate the detection of enhancement. 

One precontrast Tl -weighted gradient-echo sequence 
is acquired immediately before the contrast agent is 
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administered, followed by four or more additional 
acquisitions using the same sequence with identical 
parameters. The ideal temporal resolution is 60-120 s 
per acquisition. This ensures that uptake and washout 
of the contrast agent can be measured accurately even 
in the most rapidly enhancing lesions [31]. Since high 
spatial resolution is necessary, the largest imaging 
matrix achievable within this acquisition should be 
used, namely, 512 x 512 matrix size for bilateral trans- 
verse or coronal imaging and 256 x 256 matrix size for 
unilateral imaging with smaller FOV. Translated into an 
in-plane pixel size, this means 0.5 x 0.5 to 0.8 x 0.8 mm 
and a through-plane section thickness of 1-3 mm. For 
best multiplanar reconstructions a near-isotropic submil- 
limeter voxel size may be desirable. 

Phase encoding direction should never be anterior- 
posterior in order to avoid cardiac and respiratory 
motion artifacts through the breasts. Instead, the fre- 
quency encoding direction should be anterior-posterior. 
For sagittal and coronal imaging, the phase encoding 
direction should therefore be superior-inferior, while for 
the transverse plane imaging it should be in the left- 
right direction. 

Fat Suppression 

Uniform fat suppression minimizes the signal of the 
surrounding adipose tissue and makes enhancing soft 
tissue lesions more obvious. Active fat saturation elimi- 
nates the signal from fatty tissue by means of additional 
radiofrequency pulses or by choosing selective water 
excitation. Both require a very homogenous magnetic 
field across the entire FOV [30]. A similar effect of fat 
suppression can be achieved by subtraction during 
postprocessing. It does not require extra acquisition 
time, nor is it influenced by magnetic field inhomoge- 
neities. Its only disadvantage is the high sensitivity to 
patient motion [31], which might render the study non- 
diagnostic. Thus a combination of fat-suppressed acqui- 
sitions and subsequent postprocessed subtractions 
provide the best results. 

Artifacts 

The importance of achieving a homogenous magnetic 
field across the field of view has already been 
emphasized. 

There are a number of technical artifacts that can 
potentially degrade image quality and consequently 
limit the interpretation of the images. 

Motion artifacts can degrade image quality even to 
the extent of being nondiagnostic. The reduced signal 
intensity of a moving structure as well as blurring can 
obscure lesions. Physiologic motion may result from 
respiration and gastrointestinal peristalsis, and be 
rendered more conspicuous by the presence of fluid 



Table 19-1 MRI Artifact Categories 


MRI Artifact Category 1 


No motion/subtraction artifacts 


MRI Artifact Category 2 


Minor motion/subtraction artifacts 


MRI Artifact Category 3 


Distinct motion/subtraction artifacts 


MRI Artifact Category 4 


Unacceptable motion/subtraction 
artifacts 



(pleural, bowel, or blood in vessels). Periodic motion 
from pulsation of vessels (ghosting) has the appear- 
ance of mirror-artifact signal intensity projected in the 
phase-encoding direction. Cardiac motion is another 
major source of phase artifact. Nonphysiologic motion 
artifacts are caused by patient motion, which can be 
reduced by proper patient preparation and firm but 
comfortable fixation of the breasts [41]. Wraparound 
artifacts result in appearance of portions of anatomic 
structures where they do not normally belong [41]. 

Misregistration is a type of artifact specific to 
subtraction imaging. It occurs in subtraction images 
when there is movement between the images to be 
subtracted. The term edge artifact describes the color 
mapping artifact caused by subtle misregistration in 
computer-aided detection. It is suppressed by reformat- 
ting multiplanar images [41]. Magnetic susceptibility 
artifacts may appear near metallic or surgical clips, 
caused by degradation of the magnetic field uniformity 
in the vicinity of ferromagnetic materials [31]. A related 
artifact is chemical shift. Fat and water have slightly 
different magnetic properties and may be displayed 
with a shift in their location resulting in bright and dark 
lines along the frequency encoding direction. 

Finally, there are artifacts due to body habitus, 
which include artifacts from breast tissue outside the 
coil, breast touching the coil, the width of the patient, 
etc. [41]. 

To standardize the influence on image quality clas- 
sification of various artifacts, all the artifacts are catego- 
rized into four levels of severity (Table 19.1) [42]. 

MR Protocol for Improved Specificity 

Despite the fact that dynamic contrast-enhanced (DCE) 
breast MRI has high sensitivity, the specificity remains 
relatively low [8-19]. Strategies to reduce the number 
of unnecessary interventions have stimulated research 
to improve noninvasive techniques of magnetic reso- 
nance. T2*-weighted perfusion MRI [43, 44] and hydro- 
gen *H MR spectroscopy [45-48] have been examined 
as promising tools for improving the specificity in the 
detection of breast malignancy. T2*-weighted perfusion 
imaging is based on measurements of increased perfu- 
sion, which is typical in malignant tumors. 
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X H MR spectroscopy is based on the detection of 
the X H nuclear MR of choline-containing compounds 
(Cho), which serve as markers of active tumors [49]. It 
has recently been reported that specificity improved to 
87% with the addition of ! H MR spectroscopy and to 
100% with the further addition of perfusion MRI [50]. 

It has been shown that *H MR spectroscopy can 
reveal markedly elevated Cho peaks not only in cancers, 
but also in some cases of benign lesions (fibroadeno- 
mas). Still, this method has high negative predictive 
value for invasive cancers. In clinical practice, *H MR 
spectroscopy can help avoid breast biopsies in cases 
when Cho is not elevated, consistent with benign 
disease. MR spectroscopy has also been incorporated 
to evaluate response to neoadjuvant chemotherapy. 

Diffusion-weighted MRI (DWI) produces in vivo 
images of biological tissues weighted with the local 
microstructural characteristics of water diffusion. DWI 
is based on the brownian motion of molecules, which 
is restricted in tumors. Diffusion has generally been 
shown to decrease in tissues with high cellularity such 
as malignant tumors [51, 52]. Recent studies using DWI 
have shown that apparent diffusion coefficient (ADC) 
values can be useful in differentiating benign and malig- 
nant breast lesion even without contrast administration. 
If DWI is used in combination with other MRI findings 
(especially margins and kinetic analysis), the sensitivity 
and specificity can be improved up to 92% and 86%, 
respectively [52]. 

Breast MR Image Interpretation 

The first task in analyzing MR images is to detect the 
presence of lesions. A lack of enhancement of the lesion 
is strongly predictive of benignity, with negative predic- 
tive value for invasive cancer of 94-96%. It should be 
noted that the absence of observed enhancement at 
MRI does not necessarily exclude a cancer. It has 
been reported that those cancers that did not enhance 
were either very small or had small or no invasive 
component [39]. 

Once detected, lesions need to be classified by the 
type of enhancement. In 2003, the fourth edition of the 
manual for the American College of Radiology Breast 
Imaging Reporting and Data System (BI-RADS®) 
included a section dedicated to the performance and 
reporting of breast MRI [53]. The committee acknowl- 
edged that reporting of breast MRI should include field 
strength, precontrast and postcontrast sequences used, 
method of fat suppression, and postprocessing per- 
formed (subtractions, axial, sagittal, coronal reconstruc- 
tions, and/or maximum intensity projections). 

The BI-RADS MRI lexicon for breast imaging 
includes detailed language for describing morphology 
and kinetics of lesions. All suspicious enhancing areas 



Table 19-2 Diagnostic Features 
at Breast MRI (7) 



Architectural Features 



Finding 



Feature 



Focal mass 



Area enhancement 



Ductal enhancement 



Margin 
Shape 

Homogeneity 
Enhancement 

Initial magnitude 

Enhancing rim 

Nonenhancing internal septation 

Internal septation on T2-weighted 
images 

T2 signal intensity 

Associated area enhancement 



Distribution: segmental, regional, or 
diffuse 

Form: stippled, clumped, or confluent 



Branching 



Border 



should be described as 1) focus, 2) mass, or 3) non- 
masslike enhancement (Table 19.2). 

Foci are typically less than 5 mm in diameter, which 
is considered to be too small to be further characterized. 
Masses have defined convex margins. All mass descrip- 
tions should include reporting of mass shape, margin, 
and internal enhancement. Non-masslike enhancement 
means that enhancement occurs in an area of the fibro- 
glandular tissue that appears normal on precontrast 
images; descriptions should include distribution, inter- 
nal enhancement, and symmetry. 

Associated findings (such as edema, adenopathy, 
cysts, and skin or chest wall involvement) should be 
reported and kinetic curve assessment of all lesions 
described. Kinetic curve assessment should include 
initial peak enhancement within the first 2min after 
injection (slow, medium, or rapid) and delayed-phase 
(persistent, plateau, or washout) analyses [35, 531. 

To quantify enhancement, the increase in signal 
intensity (SI) relative to baseline precontrast signal 
intensity is determined according to 

W-Lpost — ^J-preJ/^-l-pre 

where SI pre is the signal intensity before the injection of 
the contrast agent and SI post is the signal intensity after 
the injection of the contrast agent. 

The most important features in classifying focal 
masses are considered to be margins and initial enhance- 
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ment intensity (at 2min or less after contrast agent 
injection), followed by the qualitative assessment of 
the kinetic curve. The relative risk of cancer for a lesion 
that has a washout curve as compared with the risk 
for a lesion that has a persistent curve is approximately 
five to one. In some cases a rim enhancement of 
the lesion or associated area enhancement can be 
observed, which highly correlates with a cancer diag- 
nosis [39]. 

For lesions with area enhancement, the distribution 
appears to be most predictive of diagnosis: Low-level 
stippled enhancement in a regional distribution indi- 
cates benignity, while segmental or clumped enhance- 
ment is cause for concern [35]. While enhancement 
kinetics are useful for the further differential diagnosis 
of morphologically equivocal masses, they may be mis- 
leading and should therefore not be used (or used only 
in cases in which enhancement is consistent with 
cancer) for the further classification of non-masslike 
enhancement. The reason is that in non-masslike 
enhancement the differential diagnosis includes DCIS 
and lobular cancers, known to exhibit inconsistent 
angiogenic activity. Symmetry is helpful in the further 
characterization of non-masslike enhancement but is 
not usually assessed in masses. Bilateral symmetric 
non-masslike enhancement in any distribution is 
more often caused by benign changes than by malig- 
nant lesions [30]. Table 19-3 summarizes the above 
points. 



Table 19-3 Morphological and Kinetic MRI 


Features Suggestive of 


Diagnosis 


Morphological and Kinetic Features 


Suggestive of Benignity 


Suggestive of Malignancy 


• A non-irregular shaped 


• An irregular shaped mass 


mass with a smooth margin; 


with an irregular or 


hypointense internal 


spiculated margin, 


septations; no enhancement 


heterogeneous enhancement 


or homogeneous 


(rim enhancement) with a 


enhancement without a 


fast initial enhancement and 


washout pattern on 


a washout pattern on 


time-intensity curve. 


time-intensity curve. 




A "plateau" curve can also 




be observed in invasive 




carcinomas. 


• A non-masslike stippled 


• A non-masslike clumped 


enhancement (regional, 


enhancement with a ductal 


multiple regions) or diffuse 


or segmental spatial 


and symmetric 


distribution. 


enhancement. 




Caution! False negatives: 


Caution! False positives: 


lobular cancers, DCIS 


lymph nodes 



Reporting System and 
Assessment Categories 

According to the ACR BI-RADS lexicon [53], the report 
must be organized and presented with the following 
structure: 

• Clinical data 

• Comparison with old studies and standard imaging 

• A detailed description of the technical MRI factors 

• An overall description of the breast composition 
(similar to that of mammography lexicon) 

• A clear description of any significant abnormal 
enhancement (which breast and lesion type): 

Focus/foci 

Mass: size, location, morphologic, data and internal 

enhancement characteristics, associated findings 
Non-masslike enhancement: size, location, spatial 

distribution, and type of enhancement, associated 

findings 
Symmetric or asymmetric (bilateral scans) 

• A clear description of kinetic enhancement features 
of the abnormality 

• Any important finding found on other post- 
processing techniques 

• An overall impression with each lesion fully 
categorized 

The report also must indicate whether a short-term 
follow-up or a biopsy should be considered. If the MRI 
study is not conclusive, a suggestion for the next course 
of action should be given (repeat MRI, second-look 
ultrasound, mammography, etc.). 

Seven assessment categories are described: 

Category 0: Need for additional imaging evaluation 

Category 1: Negative (no abnormal enhancement found) 

Category 2: Benign finding. In this category nonen- 
hancing fibroadenomas, cysts, scars, fat-containing 
lesions, implants are described. 

Category 3: Probably benign finding. Short-time inter- 
val follow-up suggested. A lesion placed in this cat- 
egory has a very high probability of being benign. 

Category 4: Suspicious abnormality. Biopsy should be 
considered. A lesion placed in this category does not 
exhibit typical features of breast cancer but does have 
a low to moderate probability of being malignant. 

Category 5: Highly suggestive of malignancy. Appro- 
priate action should be taken. 

Category 6: Known biopsy-proven malignancy. Appro- 
priate action should be taken. This category is very 
useful for describing a known cancer during a breast 
MR study performed for local staging and therapy 
planning and monitoring. 

The use of the BI-RADS MRI lexicon offers a logical 
approach for analyzing breast MRI studies by using 
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a standardized description that also includes an 
accepted quality standard. This standardization enables 
efficient communication with colleagues all over the 
world. 

Difficulties in Breast MR Image 
Interpretation 

Important causes of diagnostic difficulties include mul- 
tiple small enhancing foci and areas of non-masslike 
enhancement that most commonly occur in premeno- 
pausal women. In the majority of cases, these foci will 
be due to proliferation of glandular tissue (adenosis) or 
to hormonal stimulation of normal breast parenchyma 
[30]. The differentiation from a small breast cancer or 
DCIS will at times be difficult if not impossible. Dynamic 
curves obtained from these lesions could complicate 
differential diagnosis even more if washout or plateau 
patterns are observed (which is not rare). 

To avoid observing an unnecessary increase in 
enhancement due to hormonal stimulation, breast MRIs 
should be performed in the first half of the menstrual 
cycle, because the luteal phase of the menstrual cycle 
(second half), with the associated increase in estrogen 
and progesterone levels, leads to the stroma being 
edematous [4]. The ideal time for breast MRI is between 
days 5 and 10 after onset of menses, long enough after 
the luteal phase to decrease any residual enhancement 
[54, 55]. If MRI is performed in the correct phase of the 
cycle but there are still many enhancing foci symmetri- 
cally distributed in both breasts, one should consider 
repeating the MRI procedure in 2 weeks (waiting for 
change of hormonal situation) or in 3 months in the 
same phase of the cycle as the first time. For similar 
reasons, the use of hormone replacement therapy in 
postmenopausal women may lead to focal or diffuse 
enhancement. In such cases, it may be necessary to 
repeat the MRI examination 2 or 3 months after stop- 
ping hormone therapy to obtain optimal results [1, 56]. 
Similarly, pregnancy or lactation can hide or simulate 
malignant behavior. 

As mentioned above, various benign conditions of 
the breasts can be difficult to distinguish from malignant 
lesions. Such processes as fibrocystic disease of the 
breast, fibroadenomas, sclerosing adenosis, atypical 
ductal hyperplasia, lobular carcinoma in situ (LCIS), and 
breast papillomas can all produce contrast enhancement 
patterns that are hard to distinguish from malignant 
lesions. MRI should not be performed to establish 
benign disease in those patients who have suspected 
benign breast tumors or proliferative changes (BI-RADS 
3 lesions) [1, 4]. On the other hand, if these benign 
lesions are initially described at MRI, comparison with 
mammography and/or a second-look ultrasound should 
be performed. If this does not resolve the differential 



diagnostic problem, repeating MRI in 6 months time is 
recommended (for BI-RADS 3 lesions) [57, 58]. 

It has been published that the likelihood of malig- 
nancy in MRI-detected breast lesions increases signifi- 
cantly with increasing lesion size; thus biopsy is generally 
not warranted for MRI-detected lesions less than 5 mm 
because of the low (3%) frequency of malignancy in 
these lesions (Table 19-5). However, the final decision 
regarding biopsy recommendation should be based 
not only on lesion size but on other lesion features 
(e.g., morphology, kinetics, and enhancement pattern), 
patient risk factors, and clinical history [57]. 

Although overlooking invasive breast cancer on MR 
images is rare, it does occur [2, 30, 37]. Nonenhancing 
invasive breast cancers are exceedingly rare [59]. More 
often, the reason for failure to diagnose invasive cancer 
with breast MRI is early and strong enhancement in the 
surrounding normal fibroglandular tissue that may mask 
the enhancing cancer. Therefore, if strong background 
enhancement is present, it will be crucial to put in the 
report "MR imaging-dense breast" so that referring phy- 
sicians understand that the high sensitivity that they may 
expect from a breast MR study may not be available in 
this particular case [30]. Even more, ACR categorization 
of background enhancement can be used (categories 
1-4) according to mammographic breast density catego- 
rization (fig. 19.6) [531. 

The degree of the enhancement depends on the 
amount of glandular (relative to fibrous and fatty) tissue 
and the patient's hormonal status. The term background 
enhancement refers to the enhancement in presum- 
ably normal fibroglandular tissue [30]. According to the 
American College of Radiology (ACR), the extent of 
background enhancement of the breast is graded into 
four types, marked as ACR categories 1-4 (Table 19.4) 
[53]. The different degree of background enhancement 
has certain implications on overall sensitivity and speci- 
ficity in breast cancer detection, which decreases with 
increasing breast density. Therefore, it is important to 
rate background enhancement in every breast MRI 
report to communicate the degree of diagnostic confi- 
dence for breast cancer detection [30]. Bilateral symme- 



Table 19-4 Management of MRI Detected 
Lesions According to BI-RADS Categorization 
and Size 


Size 




BI-RADS 


Biopsy decision 


<5mm 




— 


Repeat MRI in 6 months 


>5mm 




3 


Repeat MRI in 6 months 


<10mm 




4-5 


BIOPSY 


>10mm 




3 


BIOPSY 






4-5 


BIOPSY 
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try of background enhancement needs to be evaluated 
and can contribute to the diagnostic accuracy. 

In earlier studies, the sensitivity for diagnosing DCIS 
was considered to be lower than that for diagnosing 
invasive cancers, which was explained by the lack of 
angiogenesis (obtained kinetic curves were not typical 
for malignant lesions) and the inability of MRI to detect 
microcalcifications (which were thought to be the main 
radiological characteristic of DCIS). Several recent 
studies reported the opposite: high sensitivity of MRI in 
detecting DCIS, especially DCIS with high nuclear grade 
with detection rate of up to 98% [60, 61], also revealing 



Table 19-5 ACR— MRI Density Types 



MRI Density type 1 
MRI Density type 2 
MRI Density type 3 

MRI Density type 4 



No enhancement of the parenchyma 

Patchy enhancement of the parenchyma 

Widespread patchy enhancement of the 
parenchyma 

Strong enhancement of the parenchyma 



that MRI morphology of DCIS differs significantly from 
that of invasive carcinoma. Although breast MRI is cur- 
rently the most sensitive tool for assessing invasive 
breast cancer, for the diagnosis of ductal carcinoma in 
situ it must be considered complementary information 
to conventional mammography. However, as the spatial 
resolution of MRI increases, the evaluation of DCIS 
should improve. 

If breast MRI reveals a lesion that was not detected 
with previous, standard procedures (mammography, 
ultrasound, or clinical examination), the radiologist 
should try to localize the lesion with second-look ultra- 
sound in order to perform US-guided biopsy or, at least, 
localization of a suspicious lesion. Second-look ultra- 
sound can detect up to 75% of those lesions if it is 
performed on the basis of the MRI [58]. This is one of 
the reasons why the radiologist who is performing 
breast MRI should be familiar with all breast imaging 
procedures. If the lesion could not be localized with 
US, MR-guided biopsy is recommended. The procedure 
is rather simple to perform if the coil for breast biopsies 








i 




(c) 

Fig. 19-6 Degree of the background enhancement in the breast is scaled into 4 levels, marked as ACR categories 
1-^t. This designation is important since the background enhancement affects MRI overall sensitivity and specificity in breast cancer 
detection. MRI background enhancement types 1-4 are shown on respective subtracted images (a-d). 
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and other standard MR compatible biopsy devices are 
available. 



ANOMALIES OF THE BREAST 

In the breast, as in the other organs, a few congenital 
anomalies can be found, most commonly asymmetry of 
the breasts and polythelia (fig. 19.7). Breast asymmetry 
is commonly present to some degree in almost every 
woman and thus considered predominantly a cosmetic 
problem (fig. 19.8). Polythelia represents the presence 
of one or more rudimentary nipple(s) along the milk 
ridge, from axilla to groin. Less common are athelia 
(complete absence of one or both nipples) and amastia 
(congenital absence of the breast, rare and usually uni- 
lateral). Hypoplasia of the breast is more common and 
manifests as small normal breast(s). Large breasts appear 
in two types of anomalies: juvenile hypertrophy [large 
breast(s) with a rapid growth during puberty] and mac- 
romastia [62]. 



BENIGN BREAST LESIONS 

Although evaluation of benign diseases of the breast is 
not an indication for contrast-enhanced breast MRI, 
understanding and recognizing typical and some atypi- 
cal benign features is of great importance for the radi- 
ologist, since these findings are very frequent and may 
cause diagnostic challenges. 



MASS LESIONS 

Cysts 

Cysts are frequently identified lesions on MRI of the 
breast. They can be solitary or multiple within fibro- 
microcystic or fibromacrocystic changes of the breast 
tissue. They do not carry increased risk for breast 
cancer. 

The pathohistology of cysts reveals dilatation of a 
duct (TDLUs), filled with liquid, with a thin layer of 





Fig. 19-7 Breast asymmetry. Axial T2-weighted image (a) shows an asymmetry with a larger amount of fibroglandular tissue 
in the right breast. Axial postcontrast dynamic GRE (£>) and axial subtracted (c) images display multiple enhancing foci within the 
fibroglandular tissue, diffusely distributed in both breasts. The postcontrast MIP image id) of this patient shows a small enhancing 
benign lesion (fibroadenoma) in the right breast. 
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Fig. 19-8 Fibroadenoma in accessory breast tissue. Axial T2-weighted (a) and dynamic GRE images (b) show breast asym- 
metry with accessory fibroglandular tissue in the axillary tail of the right breast. Axial postcontrast VIEWS (c) and subtracted (d) 
images reveal hyperintense lobulated mass located in the accessory tissue, with hypointense internal septations, characteristic for 
fibroadenoma. 



ductal epithelium. Most commonly, it occurs in women 
in the fourth decade, caused by hormonal changes in 
the menstrual cycle. Sometimes, cysts can exhibit thicker 
walls, with elements of inflammation (cells and fibrosis), 
and they can also contain blood or mucinous fluid 
(diluted or layered). 

On precontrast Tl- and T2-weighted images, cysts 
have signal characteristics that are most often consistent 
with fluid: very high on STIR and T2 images, low on 
Tl, and intermediate to low on T2 with fat suppression. 
They are well-circumscribed lesions with a thin wall, 
and they usually do not enhance on postcontrast Tl 
images (fig. 19-9). Exceptions to the rule are inflamed 
cysts, with rim enhancement of the wall (fig. 19.10). It 
is crucial to recognize that the enhancement is smooth, 
present only around the cyst, and that there is no 
enhancement within the lesion (the differential diagno- 
sis to rim enhancement with internal inhomogeneities, 
which is typical for breast cancers) [20]. 

If the content of a cyst has high signal intensity on 
postcontrast Tl -weighted images (with or without fat 



suppression), it is very important to analyze precontrast 
Tl images or subtracted images, to exclude intrinsic 
high signal from blood or high protein content in 
cystic fluid. 

Typical cysts with high T2 signal and no postcon- 
trast enhancement are categorized as BI-RADS 2, without 
any need for dynamic analysis. Cysts with irregular, 
partially thick enhancing rim or papillary intracystic 
formation need further categorization with kinetic anal- 
ysis; if the obtained curve is persistent or plateau type, 
it should be classified as "probably benign" or BI-RADS 
3 lesion; if it shows washout type of enhancement it 
should be categorized as suspicious (BI-RADS 4), and 
biopsy should be recommended (we recommend US- 
guided if reliably seen on second-look ultrasound). 

Hydatid cysts are very rare in the breast. They 
usually occur as a part of disseminated disease. In 0.27% 
of cases, the breast is the primary site of disease [63]. 
The typical MRI appearance includes a hypointense 
capsule on T2-weighted images corresponding with the 
pericyst and internal membranes [64]. Breast hydatid 
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Fig. 19-9 Cysts. On axial T2-weighted images (a) most cysts 
have very high signal intensity. They are well-circumscribed 
lesions with a thin wall, and tiny septations are sometimes seen. 
They usually do not enhance on postcontrast images (£>). Note two 
small cysts in the right breast (arrows, a) showing lower signal 
intensity on T2-weighted image and intermediate signal intensity 
on the GRE image (c), due to high proteinaceous and/or cellular 
content (there is no enhancement on postcontrast subtracted 
image). 




may mimic a breast abscess, or a complicated cyst, with 
thick enhanced wall and internal septations. 

Fibroadenoma 

The most common benign neoplasm of the breast is the 
fibroadenoma (FA), a biphasic (fibroepithelial) tumor 
that originates from TDLU, most frequently in young 
women in the second or third decade of life. 

The FA is a sharply demarcated, round, firm or 
rubbery tumor with a grayish- white cut surface. Their 
size is usually between 2 and 3 cm, but giant fibroad- 
enomas larger than 10cm can also be found [20, 22]. 
They are stimulated by estrogen and progesterone, 
pregnancy, and lactation, and they undergo atrophic 
changes in menopause [65]. 

They are comprised of epithelial (containing termi- 
nal ducts and lobules) and stromal elements (containing 
connective tissue) surrounded by a pseudocapsule [21]. 
Myxoid change or calcifications may occur. The stromal 
component may show focal or diffuse hypercellularity 
or extensive myxoid or mucinous change, transforming 
the tumor to a gelatinous nodule. A myxoid FA can 
grossly, microscopically, and radiologically be mistaken 
for a mucinous (colloid) carcinoma. FAs with significant 



myxoid stroma occurring in women younger than 40 
years of age are more likely to be associated with mul- 
tiple recurrences [20]. 

FAs do not have malignant potential, but rare cases 
of infiltrating carcinoma arising in an FA have been 
documented [22, 66]. Approximately 16% of FAs are 
complex. Complex fibroadenomas are smaller and 
appear at an older age. Sclerosing adenosis is the most 
frequent finding related to complexity and is found in 
57% of complex FAs [67]. Atypical epithelial prolifera- 
tions such as ductal intraepithelial neoplasia (DIN; 
ADH/DCIS) and lobular intraepithelial neoplasia (LIN; 
ALH/LCIS) can rarely be identified within the FA [68]. 

Concerning the interpretation of such lesions, one 
should be more conservative as long as these neoplastic 
lesions are confined to the FA (with no evidence of 
intraepithelial neoplasia outside of the FA). Such FAs 
associated with DIN have an excellent prognosis after 
excision, without a significantly increased risk for recur- 
rences or subsequent invasive carcinomas [68]. 

Fibroadenomas may grow up to 20% in maximal 
linear dimension over 6 months for women of all ages. 
Growth of this magnitude does not necessarily indicate 
progression to phyllodes or malignancy; however, exci- 
sion is recommended for growth beyond this limit [69]. 
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Fig. 19-10 Inflamed cyst. Axial T2 Fat Sat image (a) demonstrates several small round and oval masses with high signal in 
the lateral aspect of the right breast. There is a lobulated, high-signal mass anteriorly. Subtracted Tl-weighted postcontrast image 
(b) demonstrates rim enhancement, thin and uniform throughout the whole circumference. The same appearance is demonstrated 
on the sagittal Tl weighted postcontrast scan (c), which was used to illustrate persistent enhancement on the corresponding Type 
I time-intensity curve id). Note the enhancing IDC in the lateral aspect of the left breast on the MIP image (£>). 



MRI appearances of FAs are varied. They are usually 
round, oval, or lobular in shape with low-signal-inten- 
sity internal septa seen on postcontrast images and are 
found in up to 60% of all FAs [70] (fig. 19.11). These 
dark septations are caused by its internal lobulated 
composition. Although the presence of septations 



increases the diagnostic confidence (NPV 98%), recent 
studies revealed that 47% of malignant tumors also had 
nonenhancing internal septa [39, 71]. 

On T2-weighted images cellular and myxoid FAs 
are found to be hyperintense (caused by high fluid 
content) (fig. 19.12). On postcontrast images, they 
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Fig. 19.11 Fibroadenoma (FA). Axial T2-weighted image (a) of a typical fibroadenoma reveals isointense lesion with irregular 
hypointense central sections due to the fibrous components of the FA. On axial precontrast GRE image (6), the lesion appears 
isointense to the surrounding parenchyma. Axial postcontrast GRE (c) and subtracted id) images show enhancing lesion with slightly 
inhomogeneous central part. ROI analysis with time-intensity curves (e) shows a typical plateau curve (Type II) reaching a maximum 
enhancement (193%) 2.5 min after GBCA administration. This curve with typical morphology of FA does not influence BI-RADS 
categorization, and the lesion is categorized as BI-RADS 2. The mass remained mammographically stable after the 2-year 
follow-up. 
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Fig. 19.12 Fibroadenoma (FA). Axial T2-weighted (a) and sagittal fat-saturated T2-weighted (b) images show a tabulated 
hyperintense lesion with low-signal-intensity internal septations. On axial Tl -weighted postcontrast GRE (c) and subtracted id) 
images, this mass strongly enhances, but there are nonenhancing septations, indicating a typical FA architecture. 
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Fig. 19.13 Fibroadenoma (FA). MIP images depict gradual increase in enhancement of 2FAs in the left breast at lmin (a) 
and 6min (b) after application of GBCA, typical for benign lesions. 



usually enhance to some extent, the intensity depending 
on the degree of fibrosis and hormonal stimulation, with 
persistent curve type usually observed (fig. 19.13). 
Plateau or washout types of curves are rarely seen. Less 
cellular and sclerotic FAs usually exhibit low signal 
intensity at T2-weighted sequences, without significant 
postcontrast enhancement. 

Typical FAs are characterized as BI-RADS 2 lesion. 
If a lesion has an oval/round shape and a clear, smooth 
border with internal benign architecture, kinetic analysis 
will not influence the diagnosis. But if a lesion does not 
show typical internal architecture for FA, kinetic analysis 
should be performed: With persistent or plateau type 
of enhancement, 6-month follow-up is recommended 
(BI-RADS 3); with washout type, biopsy is recom- 
mended (BI-RADS 4). If 2 H MR spectroscopy is negative 
(no detectable Cho peak at 3-32 ppm) in cases of FAs 
with washout type of enhancement, categorization 
should be downgraded to BI-RADS 3, and the patient 
should be spared an unnecessary biopsy procedure 
[50, 52]. 

Phyllodes Tumor 

The phyllodes breast tumor is a variant of fibroadenoma 
that constitutes 0.3-1.0% of all breast tumors [72, 731. 

Histologically, phyllodes tumors (PTs) are similar to 
cellular intracanalicular fibroadenomas. They are distin- 
guished by the presence of epithelium-lined clefts and 
their rapid growth [21, 27]. The tumors may be small or 
very large, ranging in size from 1 to 20 cm and more. 
The majority of PTs are well circumscribed and grayish- 
white, yellow, or pink, with foci of necrosis and hemor- 
rhage in the larger tumors. Mucoid changes and 
calcifications can be present [20]. 

The current (2003) WHO classification of tumors of 
the breast and female genital organs divides phyllodes 



tumors into benign, borderline, and malignant catego- 
ries based on mitotic activity, type of margin, stromal 
overgrowth, and cellular pleomorphism [74]. For practi- 
cal purposes, benign and borderline tumors can be 
viewed as low-grade PTs. Malignant tumors represent 
high-grade PTs [20]. 

Although it has been shown that tumors smaller 
than 4 cm in diameter and pushing margins have a 
lower rate of recurrence [75], the behavior of phyllodes 
tumors cannot be predicted in an absolute way [20]. 
Approximately 30% of these tumors develop recur- 
rences, and 10% metastasize hematogenously within 
2-3 years after surgery. Lymph node metastases are very 
rare (<1% of high-grade PTs) [20]. 

On T2 -weighted images, PTs are bright because of 
both cellular and cystic components, whereas low signal 
intensity is observed at Tl. Cysts and hemorrhage are 
described as typical features of PTs, influencing both 
Tl- and T2 -weighted characteristics [76, 77] (fig. 19.14). 
Heterogeneous internal structure may be caused by 
regressive changes during tumor growth. Large phyl- 
lodes breast tumors may have a typical morphology 
with smooth margins, internal cysts, septations, and 
hemorrhage or perifocal or unilateral edema, but a reli- 
able differentiation of phyllodes tumors and fibroadeno- 
mas is not possible according to imaging alone [76]. 

Both phyllodes breast tumors and fibroadenomas 
may have a contrast enhancement pattern suggestive of 
malignancy, in up to one-third of cases [76]. 

Mass shape, margin, and internal enhancement 
pattern do not correlate significantly with histologic 
grade of phyllodes breast tumor. Yabuucchi et al. [78] 
showed that areas in PTs with low ADC on diffusion- 
weighted images corresponded to stromal hypercellu- 
larity in intermediate and malignant phyllodes tumors. 
Accordingly, MRI can be used to guide the selection of 
an appropriate biopsy site, but several histologic find- 
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Fig. 19.14 Phyllodes tumor (PT). PTs are usually seen as a 
large, tabulated mass with smooth margins and internal septations. 
T2-weighted axial image (a) shows high-intensity areas in the 
tumor that result from both cellular and cystic components, 
whereas low signal intensity is observed on the Tl-weighted 
image Qf). Axial postcontrast Tl image (c) shows inhomogeneous, 
strongly enhancing lesion with small hypointense foci due to 
intratumoral calcifications (arrow). 



ings must be used to help determine the histologic 
grade of phyllodes tumor of the breast [78]. 

Treatment of both benign and malignant phyllodes 
tumors requires complete surgical excision with 1- to 
2-cm-wide margins [78-80]. However, some authors 
proposed a simple mastectomy for tumors larger then 
5 cm in diameter and those of any size found to be 
malignant or intermediate [78, 81]. 

Papilloma 

Intraductal papilloma is a common tumor located in 
major ducts and the subareolar region that can present 
diagnostic dilemma to the radiologist, pathologist, and 
surgeon. They usually measure 2-3 mm in diameter and 
can extend along the duct for several centimeters, 
causing dilatation of the duct and often a substantial 
bloody nipple discharge. 

The lesion must be distinguished from papillomato- 
sis, the form of epithelial hyperplasia that occurs in the 
peripheral ducts as a component of proliferative fibro- 
cystic change [82]. The term "papillary lesion" is used to 
describe a spectrum of neoplasia (both benign and malig- 
nant) that develops within the breast [82]. It is used for 
every intraductal mass that is attached to the duct wall. 



Papillomas consist of a double layer of epithelial 
cells and a fibrous stroma with a vascular core con- 
nected to the duct wall by a stalk [22, 27]. Secondary 
changes can occur within papillomas, such as infarction, 
hemorrhage, or fibrosis. 

Areas of hyperplasia, DCIS, or invasive carcinomas 
may be found in papillomas, with an incidence as high 
as 20% [82, 83]. Thus the diagnosis of papilloma in a 
core needle biopsy (CNB) should lead to excisional 
biopsy of the entire lesion [82, 20]. Malignant papillary 
lesions tend to remain confined within the breast, and 
distant metastases are rare [84]. 

Conventional ductography (also termed galactogra- 
phy) has long been used to detect intraductal lesions. 
The detection of papilloma is possible with MRI, with 
limited sensitivity for small lesions. Papillomas visual- 
ized by MRI usually appear as well-circumscribed 
masses, directed toward the nipple, homogeneously 
enhanced in the early phase with washout seen on 
delayed scans, except if they are sclerosed (fig. 19.15). 
Dilated ducts, often hyperintense on Tl- and T2- 
weighted images, represent one of the most important 
findings in intraductal papilloma [85-88]. Likely expla- 
nations for the high signal include hemorrhage or high 
protein content of the duct. 
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Fig. 19.15 Papilloma. Axial T2-weighted (a) and axial GRE (b) images show a well-circumscribed, oval, isointense mass located 
just below the subareolar region. On postcontrast GRE (c) and MIP (d) images it is seen as a strongly enhancing, slightly hete- 
rogeneous, lobulated mass. Papillomas are usually accompanied by dilated ducts as shown on the sagittal fat-saturated T2-weighted 
image (e). An ROI analysis of the dynamic images reveals a type III (washout) curve (/") that increases in signal intensity by 127% 
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Fig. 19.15 (Continued) at 1.5 min after contrast injection, indicating BI-RADS 4 lesion. US-guided core needle biopsy (CNB) 
revealed papilloma. 



MR ductography using microscopic coils has 
recently been proposed as a method that offers better 
detection of small intraductal papillomas. It has been 
reported that this method can show ducts measuring 
0.8 mm in diameter and intraductal tumors as small as 
1.0 mm. It also revealed a similar enhancing pattern for 
even the smallest lesions (3 mm) [85, 891. 

A malignant papillary lesion is most reliably sug- 
gested by spiculation and rim enhancement, but no 
specific features can be used to diagnose a malignant 
process [82]. 

Multiple Papillomatosis 

Multiple papillomatosis (MP) should be considered a 
risk factor for breast carcinoma, because of the proven 
significant association of MP with DCIS and invasive 
carcinoma [90, 91] ■ Gutman et al. [92] recently reported 
that the risk may not be greater than that with a solitary 
papilloma. 

MRI is most useful in the preoperative planning of 
wide local excision margins in patients with MP [82], 
revealing multiple postcontrast enhancing irregularly 
shaped lesions in a single breast or both breasts with 
various types of kinetics (fig. 19.16). 

Complete surgical excision is considered the treat- 
ment of choice for both solitary papillomas and multiple 



papillomatosis, with wire localization before surgery if 
necessary. Annual follow-up with mammography and 
ultrasound is recommended after excision of any papil- 
lary lesion [82, 83]. 

Hamartoma (Fibroadenolipoma) 

Hamartoma is a well-circumscribed, usually encap- 
sulated nodule, consisting of all breast tissue compo- 
nents, usually described as "breast within breast" on 
mammography. It consists of various proportions of 
fibroglandular and adipose components within the 
lesion with a pseudocapsule of compressed breast 
tissue [20]. 

Hamartoma has a typical mammographic appear- 
ance, and MRI is usually not needed for the diagnosis. 
The MRI appearance of this tumor depends on its histol- 
ogy, reflecting different amounts of fatty tissue and 
enhancing fibroglandular tissue. Recognition of the fatty 
capsule on non-fat-suppressed images can favor the 
diagnosis. However, correlation with mammography is 
recommended. X H MR spectroscopy of hamartoma is 
usually negative (no detectable Cho peak at 3-32 ppm) 
(fig. 19.17). Although ductal hyperplasia, apocrine meta- 
plasia, calcifications, and adenosis may be associated 
with a hamartoma [20], surgery is not necessary in the 
vast majority of cases. 
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Fig. 19.16 Multiple papillomatosis. T2-weighted (a) and sagittal fat-saturated T2-weighted (b) images show dilated ducts in 
the right breast. Axial postcontrast GRE (c), subtracted (d), and MIP (e) images reveal multiple enhancing, irregularly shaped lesions 
in both breasts, showing washout kinetics (/"), thus indicating BI-RADS 4 lesions. US-guided core needle biopsy (CNB) of both 
breasts verified multiple papillomatosis. 
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Fig. 19-16 (Continued) 





Fig. 19.17 Hamartoma. Axial T2-weighted (a) and Tl- 
weighted (b) images reveal a well-circumscribed, heterogeneous 
mass, mainly hyperintense because of predominantly fatty content. 
There are also small, hypointense areas present, representing 
fibroglandular tissue, that show mild enhancement on a postcon- 
trast subtracted image (c). Since X H MR spectroscopy id) of ham- 
artoma shows only a small Cho peak at 3.2 ppm, a benign nature 
of the lesion is confirmed. (Courtesy of Natasa M. Prvulovic, M.D., 
Diagnostic Imaging Center, Oncology Institute of Vojvodina, 
Serbia.) 
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Fig. 19-18 Abscess. Axial T2-weighted image (a) reveals an oval, well-circumscribed subcutaneous mass, surrounded by perifo- 
cal inflammatory changes and skin thickening, located in the medial aspect of the right breast. Strong ringlike and skin enhancement 
is seen on the axial postcontrast subtracted image (£>). 



Abscess 

Breast abscess is an inflammatory condition usually 
located in the subareolar or periareolar region that can 
develop in both lactating and nonlactating women [20]. 
Mastalgia, subareolar lump, and overlying skin inflam- 
mation are noted with or without nipple discharge. 
Later, a fluctuant abscess can be palpated that yields 
pus spontaneously or on incision. If the abscess becomes 
chronic, fistula and nipple inversion frequently occur 
[93]. About 20% of cases are bilateral, and recurrences 
develop in almost 90% of patients [20]. Subareolar 
abscesses are particularly challenging, both from a ther- 
apeutic and an imaging perspective. For achieving a 
radical cure of the subareolar abscess, adequate surgical 
excision is desired. 

On MRI, the most frequent finding is focal or diffuse 
signal intensity changes, hypointense on Tl-weighted 
images and hyperintense on T2-weighted images (fig. 
19. 18). The abscess wall enhances gradually and pro- 
gressively on dynamic postcontrast Tl-weighted images, 
with abscess cavities visualized as irregular hypointense 
lesions and fistulas visualized with enhanced walls and 
heterogeneous content. 

Standard MRI technique may often fail to exhibit 
some subtle structures of a subareolar abscess. To over- 
come this limitation, a microscopy coil has been sug- 
gested, which can provide a comprehensive view of 
inverted nipples, abscess cavities, fistulas, and inflam- 
mation around the lesion [93]. 

In rare cases of idiopathic granulomatous mastitis, 
MRI usually shows heterogeneously enhancing areas 
with or without multiple ringlike enhanced abscesses 
with a benign pattern of time-intensity curve [94]. 
Masslike enhancement and nodular enhancement may 
be found, and the time-intensity curves can vary from 
lesion to lesion [95]. 



Lymph Nodes 

Lymph nodes are part of the normal anatomy of the 
breast, most commonly found in the axilla and axillary 
tail of the breast, but they can occasionally be found in 
any other part of the breast tissue. 

On conventional MRI, lymph nodes appear as T2 
hyperintense focal lesions with smooth margins. Since 
they show rapid enhancement with a washout curve in 
the early phase of dynamic postcontrast imaging, they 
can easily be confused with malignant foci. Reniform 
shape, fatty hilum, T2 hyperintensity, and typical 
mammographic appearance can confirm the diagnosis 
(fig. 19.19). 

Nodes with a short- axis diameter of more than 1 cm 
are more common in malignant disease [96]. Nonuniform 
cortex thickening and loss of fatty hilum is suggestive 
of malignant involvement. The role of MRI in preopera- 
tive assessment of metastatic spread to lymph nodes is 
not reliable (with 36% sensitivity and 94% specificity). 
The sensitivity and specificity may improve up to 100% 
if ultrasmall superparamagnetic iron oxide (USPIO) con- 
trast agents are used [97]. 



NONMASS LESIONS 

Fibrocystic Changes and 
Sclerosing Adenosis 

Fibrocystic changes (FCC) are benign alterations of 
the breast consisting of cystic dilatation of TDLU, with 
relative increase in fibrous stroma and proliferation 
of epithelial elements caused by hormonal imbalances 
[20, 22]. About 30% of women between the age of 20 
years and menopause show some clinical evidence of 
FCC, although FCC can be identified in 60-80% of all 
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Fig. 19.19 Lymph nodes. Reniform shape and fatty hilum on T2-weighted (a) and Tl-weighted (b) images make the typical 
morphology of lymph nodes seen bilaterally in axillas. After application of GBCA, peripheral enhancement is usually present (c). 
Another case is depicted in d and e. ROI analysis of the postcontrast dynamic images id) often shows rapid enhancement followed 
by an early washout, resulting in type III curve. Typical MR morphology or mammographic (e) appearance is suggestive of 
diagnosis. 
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Fig. 19.19 (Continued) 




autopsies [22]. FCC is frequently a multifocal, bilateral 
mammary alteration [20]. Premenstrual breast pain 
and palpable lumps in the breast correlate poorly with 
FCC [22]. 

A combination of cysts with a diameter of 1-2 mm 
(microcysts) and larger cysts of 1-2 cm in diameter 
(macrocysts) are characteristic findings in FCC. Nonpro- 
liferative FCCs are not associated with an increased 
cancer risk. FCCs with atypical apocrine metaplasia 
seem to be associated with a significant increased risk 
for breast cancer in women older than 60 years [98]. 

Sclerosing adenosis is a less common variant of 
proliferative FCC, characterized by a proliferation of 
small ducts and myoepithelial cells, associated with 
fibrosis. It carries a 4-5 times increased risk for cancer, 
even in the contralateral breast that may be unaffected 
with the condition [22]. 

In FCC (fig. 19.20) and sclerosing adenosis (fig. 
19.21), MR reveals often bilaterally symmetric distribu- 
tion of enhancing foci or areas of non-masslike enhance- 
ment that usually do not follow the ductal system, 



which is the most important feature in the differen- 
tiation from DCIS or invasive lobular carcinoma. 
Enhancement characteristics should not be taken 
into account, since they often exhibit washout-type 
curves, which is misleading in establishing the correct 
diagnosis [30]. 

Radial Scar 

Radial scar (RS) is a sclerosing benign breast lesion 
consisting of a central fibroelastic core surrounded by 
radiating ducts [20]. It often mimics a carcinoma (clini- 
cally, radiologically, and pathologically) because of the 
stellate or nodular appearance, making the diagnosis 
challenging. The ductules around the central scarred 
zone can be associated with any type of intraductal 
proliferation (usual ductal hyperplasia, ADH, DCIS), or 
even invasive cancers, making RS a lesion with increased 
risk for cancer [20, 99]. Biopsy is mandatory for diag- 
nosis. The diagnosis of RS established by a CNB should 
lead to complete excision of the lesion [100]. 
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Fig. 19-20 Fibrocystic changes (FCC). Axial T2-weighted (a) and sagittal T2 fat-saturated (£>) images show multiple high- 
intensity foci scattered in both breasts within the fibroglandular tissue. Axial postcontrast GRE (c) and MIP (d) images reveal a 
non-masslike stippled enhancement of fibroglandular tissue, which is symmetrically distributed in both breasts, with innumerable 
enhancing foci. 



On MRI, contrast-enhanced Tl -weighted images 
show an enhancing irregular or spiculated mass that 
may be indistinguishable from carcinoma. Dynamic 
study usually shows heterogeneous enhancement pat- 
terns, regardless of the diagnosis and associated histo- 
logic features (fig. 19.22). 

Ductal Carcinoma in Situ 

Traditionally, carcinoma in situ has been considered the 
preinvasive form of cancer, with several histological 
types: intraductal, lobular, and papillary carcinoma in 
situ. Also, all intraductal proliferative lesions of the 



breast are divided into three categories: usual ductal 
hyperplasia (UDH), atypical ductal hyperplasia (ADH), 
and ductal carcinoma in situ (DCIS). The risk for sub- 
sequent development of invasive breast cancer ranges 
from approximately 1.5 times that of the reference pop- 
ulation for UDH, to 4- to 5-fold for ADH, and 8- to 
10-fold for DCIS [101]. The current data suggest that 
these entities share a few similarities, and that there may 
be no justification in separating them. 

To overcome several disadvantages of the tradi- 
tional classification system and replace it with a more 
meaningful system, an alternative terminology of ductal 
intraepithelial neoplasia (DIN) has been proposed 
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Fig. 19-21 Adenosclerosis. Sagittal fat-saturated T2-weighted (a) and axial GRE (b) images show an isointense lesion with 
long, radially distributed spicules in the upper inner quadrant of the left breast (BI-RADS 4 lesion). There is no significant enhance- 
ment on postcontrast GRE (c) and subtracted id) images. Only architectural distortion with MRI background enhancement type 3 
of the breast parenchyma is seen on the MIP image (e). Excisional biopsy revealed blunt duct adenosis (adenosis partim atypica). 
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Fig. 19-22 Radial scar. Axial T2-weighted image (a) reveals a hypointense spiculated lesion in the right breast showing 
enhancement on postcontrast GRE (£>), subtracted (c), and MIP images (d) with morphology that is indistinguishable from carci- 
noma. However, the dynamic curve (e) demonstrates a plateau pattern (Type II) with moderate initial enhancement and maximum 
signal increase of 67% at 4 min after administration of GBCA. The moderate enhancement rate in the first 2 min categorizes this 
lesion as a BI-RADS 4 despite its morphology. Excisional biopsy revealed a radial scar. 
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[20, 102]. The current World Health Organization 
Classification of Tumours of the Breast (2003) includes 
the DIN terminology in addition to the traditional 
system [101]. The classification of intraductal prolifera- 
tive lesions may be modified as additional molecular, 
genetic, and clinical data become available [20]. 

Ductal carcinoma in situ (DCIS) itself is considered 
a heterogeneous group divided into low-grade (Gl), 
intermediate-grade (G2), and high-grade (G3) lesions 
[22]. Whereas high-grade DCIS is likely to progress to 
high-grade invasive cancer, low-grade DCIS can be 
more indolent or might progress to only certain types 
of cancer, usually well differentiated. There is agree- 
ment that DCIS should be treated (at least) by local 
excision to avoid recurrence or progression to invasive 
breast cancer [60, 103, 104]. 

DCIS is visible on breast MR images. The sensitivity 
for diagnosing DCIS is lower than that for diagnosing 



invasive cancers, ranging from 30% to 90%, and morphol- 
ogy of DCIS on MRI differs significantly from that of 
invasive carcinoma [60, 61, 105, 106]. The typical DCIS 
appears as asymmetric (unilateral) non-masslike enhance- 
ment that follows segmental, linear, or ductal distribution 
[105, 106]. Only the minority of DCIS (14%) appear as mass 
lesions [61]. Internal enhancement is usually heteroge- 
neous, with a so-called clumped or stippled architecture. 
Although approximately 70% of DCIS exhibit rapid 
early enhancement (fig. 19.23), delayed enhancement 
is variable. Relatively benign enhancement kinetics of 
DCIS are probably the reason for the low sensitivity of 
breast MRI for DCIS shown in earlier studies [107, 108]. 
Therefore, any segmental or ductal enhancement on MR 
images suggests the presence of an intraductal patho- 
logic condition. In turn, diffuse or multiple areas of 
regional enhancement on MR images favor the diagno- 
sis of benign nonmass lesions [30] (fig. 19.24). 




Fig. 19.23 Ductal carcinoma in situ (DCIS). Axial T2- 
weighted image (a) shows subtle architectural distortion with 
irregular, isointense lesions in the lateral part of the left breast. 
Sagittal T2-weighted fat-saturated image (b) reveals irregularly 
dilated ducts. On postcontrast GRE (c), subtracted (d), and MIP 
(e) images non-masslike enhancement in segmental distribution is 
seen, with a washout kinetic curve (Type III) indicating high-grade 
DCIS. 
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Fig. 19.23 (Continued) 



MR imaging and mammography are complementary 
for diagnosing DCIS. According to more recent publica- 
tions, about 10% of DCIS cases that are diagnosed with 
the aid of mammography would be missed with MR 
alone because of the absence of any abnormal enhance- 
ment. In turn, today up to 40% of DCIS cases are diag- 
nosed only with breast MRI (fig. 19.25). Recent studies 
have shown that sensitivity rates of MRI for mammog- 
raphy-detected DCIS are high [60, 109-112]. 

Most breast cancers (at least 70-80%) arise in 
mammary ducts [21] and may have imaging patterns 
that reflect this ductal origin. According to one study 
[105] ductal enhancement accounted for 21% of MRI 
detected cancers that were subsequently biopsy 
proven, with a positive predictive value of 26%. The 



differential diagnosis for ductal enhancement includes 
DCIS, infiltrating carcinoma, atypical ductal hyperplasia 
(ADH), lobular carcinoma in situ (LCIS), and benign 
findings such as FCC, ductal hyperplasia, and fibrosis. 
ADH and LCIS, considered to be high-risk lesions, 
constitute 9% and 10% of suspicious linear ductal 
enhancement, respectively. It has been shown that at 
MRI, even LCIS has features suspicious for malignancy 
(fig. 19.26). 

There is increasing evidence to suggest that breast 
MRI may be more sensitive for the diagnosis of high- 
grade DCIS, because the enhancement pattern on breast 
MRI has been shown to correlate with significantly 
higher vessel density in more aggressive DCIS, which 
can be prognostically relevant [30, 60, 113-117]. 
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Fig. 19-24 Ductal carcinoma in situ (DCIS). MIP image (a) shows a non-masslike enhancement in segmental distribution 
within the right breast, with persistent kinetic curve. Since the patient refused biopsy, follow-up with another MRI study was per- 
formed after 6 months (b) showing significant increase in the non-masslike segmental enhancement typical for DCIS. Furthermore, 
the ROI analysis of this study reveals the alteration from persistent (Type I) to washout (Type III) type curve. Subsequent biopsy 
verified high-grade DCIS with multiple small foci of invasive ductal carcinoma (IDC). 




Fig. 19.25 Ductal carcinoma in situ (DCIS). MIP image id) shows a non-masslike enhancement in ductal distribution occu- 
pying a significant area within central and deep subareolar regions of the left breast, indicating DCIS. Specimen radiography (b) 
reveals opacity that corresponded to DCIS. Microcalcifications seen in the lower right quadrant of the specimen were associated 
with benign epithelium. 





Fig. 19.26 Lobular carcinoma in situ (LCIS). Axial T2-weighted image (a) shows a hypointense stellate lesion in the lateral 
part of the left breast with moderate enhancement on the postcontrast dynamic GRE (b) and subtracted (c) images. MIP image id) 
indicates many additional enhancing foci symmetrically distributed in both breasts. Analysis of the dynamic data set shows a washout 
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Fig. 19-26 (Continued) curve (e) with maximum enhancement increase of 68.4% five minutes after GBCA injection. Biopsy 
revealed LCIS in both breasts. 



Table 19-6 CNB Underestimation 

DCIS 

High-risk/borderline lesions (B3): 

• Papillary lesions 

• Radial sclerosing lesions 

• Atypical ductal hyperplasia (ADH) 

• Lobular neoplasia (ALH and LCIS) 

• Cellular fibroepithelial tumors 

• Mucocele-like lesions 

• Columnar cell atypia 



Percutaneous CNB is considered to be an accurate 
method for the histopathologic evaluation of breast 
lesions. Occasional underestimation happens in cases 
of DCIS and high-risk lesions. With one of these find- 
ings in CNB samples, complete excision of the lesion 
is recommended (Table 19.6). 

The contexts of CNB underestimation are listed in 
Table 19.6. 



MALIGNANT BREAST LESIONS 

Breast Cancer 

Breast cancer is the most common malignancy in 
women, and mortality from this malignancy is second 



only to lung cancer. The annual incidence rate in the 
US has remained stable over the last decade, at approxi- 
mately 110 per 100,000. Before that, a relative increase 
in the breast cancer incidence rate may have resulted 
partly from an increased use of screening mammogra- 
phy, which revealed small cancers in preclinical stage. 
The incidence of breast cancer increases throughout a 
woman's life, reaching the plateau before menopause. 

The pathogenesis of breast cancer is unknown, but 
many factors have been shown to be associated with 
increased risk for breast cancer, such as family history 
of breast cancer (including positive test for breast cancer 
gene BRCA1/BRCA2 mutation), personal history of 
breast biopsy, diagnosis of high-risk lesions (ADH, 
LCIS), prior exposure to radiation, long period of 
menstruation (early menarche, late menopause), and 
nulliparity or older age at first-time pregnancy. Despite 
known risk factors, approximately 75% of breast cancers 
develop in women with no evident risk [118]. 

Genetic predisposition accounts for an estimated 
5-10% of all breast cancers [119]. Since half of the 
women with BRCA1 mutation develop breast cancer by 
the age of 50, when the breast density is higher [120], 
and those cancers do not tend to be associated with 
DCIS and microcalcifications, mammography alone may 
be insufficient to detect breast cancer at an early stage 
[121]. In the last decade, many researchers have pro- 
posed that screening MRI of the breast should be offered 
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to these patients [121-123]. However, with BRCA2 car- 
riers DCIS is more prevalent, and mammography 
remains a valuable screening tool in detecting microcal- 
cifications. A recent study has shown that screening MRI 
allowed detection of more cancers in high-risk women 
than screening ultrasound or mammography [121]. The 
benefits include a predicted added cancer yield of 23 
cancers per 1000 high-risk women screened with MRI, 
with less then 5% unnecessary biopsies. Although the 
specificity of screening MRI is lower than that of mam- 
mography or clinical examination (90%, 95%, and 98%, 
respectively), the overall accuracy is significantly higher 
[121]. Nowadays, breast MRI is considered an important 
complement to mammography in screening women at 
high risk. 

The most common malignant breast tumors are 
of epithelial origin (adenocarcinomas) arising from 
TDLUs, with ductal carcinoma in 60-75% and lobular 
in 10% of all cases. Other subtypes account for 10- 
12% and include medullary, mucinous, papillary, and 
tubular cancers [21]. Tumors of mesenchymal origin are 
very rare. 

Diagnostic Features of Invasive Cancers 
at Breast MRI 

Gadolinium-based contrast-enhanced (GBCE) breast 
MRI provides accurate information about the morphol- 
ogy and enhancement kinetics of invasive cancers that 
can be used as strong predictors of malignancy. An 
important feature is the presence of enhancement of 
any type. However, a recent multicenter study showed 
that the absence of enhancement does not exclude 
invasive cancer with a negative predictive value of 
nonenhancement for invasive cancer of 94%. In that 
study, 16% of DCIS lesions and 3% of invasive cancers 
showed no appreciable enhancement [39]. 

Once detected, a lesion should be categorized 
by the type of enhancement as mass or nonmass 
enhancement. The margins of the focal mass (catego- 
ries: smooth, lobulated, irregular, or spiculated) is the 
single most predictive feature in breast MRI interpreta- 
tion (fig. 19.26). The initial qualitative enhancement 
intensity (at 2 min or less after contrast agent injection) 
is also highly predictive, followed by the type of kinetic 
curve (risk of cancer for a lesion that has a washout 
curve is 5 times higher than for lesions with plateau 
type). Rim enhancement and associated area 
enhancement are features that are rarely seen, but are 
highly indicative for malignancy. Associated area 
enhancement, explained as peritumoral inflammation of 
the tissue, sometimes cannot be distinguished from 
nonmass enhancement of FCC or DCIS. If an enhancing 
focal mass shows spiculated margins or rim enhance- 
ment it should be characterized as BI-RADS 5 lesion, 



irrespective of enhancement kinetics. The distribution 
of area enhancement is most predictive of diagnosis: 
Segmental and clumped distribution are associated with 
78% and 60% likelihood of cancer, respectively, while 
low-level stippled enhancement in a regional distribu- 
tion indicates benignity [39]. When a nonmass enhance- 
ment shows a segmental or clumped distribution with 
rapid enhancement and a washout, it is categorized as 
BI-RADS 5. With the benign type of kinetics (plateau or 
persistent), it is BI-RADS 4 lesion. 

Secondary signs, if present, increase suspicion for 
carcinoma. The common signs detected at breast MRI 
are perilesional edema, architectural distortion, lymph- 
adenopathy, skin thickening, or desmoplastic reaction 
(hook sign) recognized as a hypointense line from the 
lesion toward the pectoral muscle (fig. 19-27). 

Asymmetric increase in breast vascularity in the 
breast that contains a cancer can often be observed, 
increasing diagnostic confidence, especially in search- 
ing for occult carcinoma. Possible explanations include 
reduced flow resistance in tumor tissue, high metabolic 
rate, and angiogenic stimulation of the whole breast in 
which a cancer is growing [124]. 

Classification and Staging 

The American Joint Committee on Cancer (AJCC) staging 
system [125] provides a strategy for grouping patients 
with respect to prognosis. Therapeutic decisions are 
formulated in part according to staging categories but 
primarily according to lymph node status, estrogen and 
progesterone receptor levels in the tumor tissue, meno- 
pausal status, and the general health of the patient. 

The AJCC has designated staging by TNM classifica- 
tion (Table 19.7). 

One of the major applications of MRI in breast 
imaging is staging of breast cancer. MRI has been shown 
to be more accurate than mammography or ultrasound 
in detecting the size and extent of the lesion [126]. MRI 
tumor size correlates with pathology size; however, a 
significant overestimation exists, particularly for tumors 
larger than 2.0cm. Clinicians should therefore use 
caution in relying on MRI tumor size in determining 
candidacy for breast conservation therapy (BCT) [127]. 
In addition, MRI is useful in the identification of multi- 
centric disease (fig. 19.28), which may have an impact 
on the type of therapy (radical mastectomy vs. BCT). 
The sensitivity of MRI in detecting multicentric disease 
ranges from approximately 89% to 100% with bilateral 
imaging. Occult breast cancers are identified with MRI 
in 15-27% of patients, while unsuspected synchronous 
cancer in the opposite breast can be found with MRI in 
3-6% of patients [39, 128, 129]. 

MRI is helpful in detecting pectoral muscle (fig. 
19.29) and chest wall involvement of breast cancer. 
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Table 19-7 TNM Classification 

Primary tumor (T): 
TX: Primary tumor cannot be assessed 
TO: No evidence of primary tumor 
Tis: Carcinoma in situ; intraductal carcinoma, lobular carcinoma in situ, or Paget disease of the nipple with no associated tumor 

Note: Paget disease associated with a tumor is classified according to the size of the tumor. 
T1: Tumor 2.0cm or less in greatest dimension 

T1mic: Microinvasion 0.1 cm or less in greatest dimension 

T1a: Tumor more than 0.1 but not more than 0.5 cm in greatest dimension 

T1b: Tumor more than 0.5cm but not more than 1.0cm in greatest dimension 

T1c: Tumor more than 1.0cm but not more than 2.0cm in greatest dimension 

T2: Tumor more than 2.0cm but not more than 5.0cm in greatest dimension 
T3: Tumor more than 5.0cm in greatest dimension 
T4: Tumor of any size with direct extension to (a) chest wall or (b) skin, only as described below. 

T4a: Extension to chest wall 

T4b: Edema (including peau d'orange) or ulceration of the skin of the breast or satellite skin nodules confined to the same 

breast 

T4c: Both of the above (T4a and T4b) 

T4d: Inflammatory carcinoma* 

Note: Chest wall includes ribs, intercostal muscles, and serratus anterior muscle but not pectoral muscle. 



Regional lymph nodes (N): 



NX 
NO: 
N1 
N2 
N3 



Regional lymph nodes cannot be assessed (e.g., previously removed) 

No regional lymph node metastasis 

Metastasis to movable ipsilateral axillary lymph node(s) 

Metastasis to ipsilateral axillary lymph node(s) fixed to each other or to other structures 

Metastasis to ipsilateral internal mammary lymph node(s) 



Pathologic classification (pN): 

pNX: Regional lymph nodes cannot be assessed (not removed for pathologic study or previously removed) 

pNO: No regional lymph node metastasis 

pN1: Metastasis to movable ipsilateral axillary lymph node(s) 
pN1a: Only micrometastasis (none larger than 0.2 cm) 
pN1b: Metastasis to lymph node(s), any larger than 0.2cm 

pN1bi: Metastasis in 1 to 3 lymph nodes, any more than 0.2cm and all less than 2.0cm in greatest dimension 
pNlbii: Metastasis to 4 or more lymph nodes, any more than 0.2cm and all less than 2.0cm in greatest dimension 
pNlbiii: Extension of tumor beyond the capsule of a lymph node metastasis less than 2.0cm in greatest dimension 
pNlbiv: Metastasis to a lymph node 2.0cm or more in greatest dimension 

pN2: Metastasis to ipsilateral axillary lymph node(s) fixed to each other or to other structures 

pN3: Metastasis to ipsilateral internal mammary lymph node(s) 

Distant metastasis (M): 
MX: Presence of distant metastasis cannot be assessed 
M0: No distant metastasis 
M1: Distant metastasis present (includes metastasis to ipsilateral supraclavicular lymph nodes) 

AJCC stage groupings 



Stage 


Tis, NO, M0 


Stage I 


TV NO, M0 


Stage MA 


TO, N1, M0 




T1, N1, M0 




T2, NO, M0 


Stage MB 


T2, N1, M0 




T3, NO, M0 


Stage IMA 


TO, N2, M0 




T1, N2, M0 




T2, N2, M0 




T3, N1, M0 




T3, N2, M0 


Stage 1MB 


T4, Any N, M0 




Any T, N3, M0 


Stage IV 


Any T, Any N, M1 
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Fig. 19.27 Invasive ductal carcinoma (IDC). Axial T2-weighted image (a) shows an irregular, heterogeneous, hypointense 
mass with spiculated margins and a "hook sign" (black arrow) in the subareolar region of the right breast. On postcontrast GRE 
Qf) and subtracted (c) images, two parallel areas of non-masslike enhancement in ductal distribution extending from the cancer 
(white arrow, c) depict the morphologic pattern suggestive of DCIS. MIP image id) shows a more prominent vascularity of the 
right breast compared to the left. 



Although involvement of the pectoral muscle does not 
increase the stage from T3 (T4 is when the serratus or 
intercostal muscles are involved), it might affect surgical 
therapy. Nipple involvement can also be clarified with 
MRI with a sensitivity of 80%, which is important when 
planning subcutaneous mastectomy [125]. In a study 
from Fisher et al. [130] the rate of recurrent tumor in 
the same breast was significantly lower in patients who 
had preoperative MRI for staging, compared to those 
who did not (1.2% and 6.8%, respectively). 

Invasive Ductal Carcinoma 

Invasive ductal carcinoma (IDC) is the most common 
type of breast carcinoma (60-75% of all mammary inva- 
sive carcinomas). It generally cannot be subclassified 
histologically (not otherwise specified, or NOS). The 
tumors can have an irregular, stellate shape or a nodular 
configuration with bulging margins. At gross pathology, 
these tumors usually show a grayish-white cut surface 
with hard consistency, with sizes ranging from a few 



millimeters to 10 cm or more [20]. Vascular and perineu- 
ral invasion can be present, but with no prognostic 
significance. In the majority of cases, areas of ductal 
intraepithelial neoplasia DCIS and/or LCIS may be 
present. The immunohistochemistry for estrogen recep- 
tors (ER), progesterone receptors (PR), and human epi- 
dermal growth factor receptor 2 (HER2) needs to be 
performed for treatment planning as well as for the 
prognostic estimate [131]. Breast cancer characterized 
by negativity for ER, PR, and HER2 (triple-negative 
breast cancer) is associated with aggressive histologic 
features, poor prognosis, unresponsiveness to the usual 
endocrine therapies, and shorter survival. 

At MRI, IDC appears as an irregular-shaped or oval 
focal mass, often with spiculated margins (fig. 19.28), 
with heterogeneous internal architecture. Tumors are 
usually hypointense or isointense on Tl- and T2-weighted 
images, showing rapid postcontrast enhancement fol- 
lowed by washout or plateau type of time-intensity curve. 
Rim enhancement and/or spiculated borders are most 
indicative features for the diagnosis (figs. 19.29 and 
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Fig. 19-28 Invasive ductal carcinoma (IDC). Axial T2-weighted image (a) shows a very subtle, slightly hyperintense oval 
mass with irregular margins in the right breast. On the axial precontrast GRE image (£>), the mass is completely obscured, because 
it is of the same signal intensity as the surrounding parenchyma. Postcontrast GRE (c) and subtracted id) images reveal a strongly 
enhancing mass with angulated, irregular margins and heterogeneous internal enhancement, suggestive of IDC. ROI analysis of the 
dynamic data set (e) shows a plateau curve (Type II), indicating BI-RADS 5 categorization. Small enhancing mass (arrows, c and d) 
anterior to the IDC represents a focus of high-grade DCIS with the same type of kinetics (/"). 
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Fig. 19.28 (Continued) 



19-30). They are often accompanied with ductal or seg- 
mental type of area enhancement due to the presence 
of DCIS. Multicentric and/or bilateral disease can be 
present and is well shown on MRI (figs. 19-31 and 19-32). 
Uematsu et al. [132] recently showed that MRI find- 
ings of a unifocal lesion, mass lesion type, smooth mass 
margin, heterogeneous rim enhancement, persistent 
enhancement pattern, and very high signal intensity on 
T2-weighted images can be used to detect triple- 
negative breast cancer. Although triple-negative breast 
cancer can mimic lesions with a benign morphology, 
the early MR imaging recognition of triple-negative 
breast cancer could assist in both pretreatment planning 
and prognosis. 

Invasive Lobular Carcinoma 

Invasive lobular carcinoma (ILC) can present a diagnos- 
tic challenge because of its variable presentation, both 
at clinical exam and on imaging. Tumor may not be 
grossly visible because neoplastic cells grow in linear 
fashion, eliciting little or no desmoplastic reaction and 
mimicking normal breast parenchyma. Another gross 
manifestation of ILC is the formation of numerous small, 
hard nodules mimicking sclerosing adenosis. At least 
5% of invasive breast carcinomas cannot be classified 
as ductal or lobular with certainty, or even as mixed 
ductal and lobular type. Immunohistochemistry can be 



helpful for classifying some of these primary breast 
carcinomas. Variants of ILC include solid, alveolar, his- 
tiocytoid, and tubulolobular carcinomas [20]. 

Histologically, ILC is characterized by an infiltrating 
pattern of small or medium-sized uniform epithelial 
cells, showing linear arrangement of carcinoma cells in 
a circumferential fashion around ducts and lobules 
("targetoid" growth). 

Because of its diffuse infiltrative growth pattern, ILC 
often does not appear as a focal mass on MRI, but as 
non-masslike enhancement. The narrow columns of 
diffusely infiltrating cancer cells may be fed by diffu- 
sion, supplied from preexisting fibroglandular capillar- 
ies, which likely explains why lobular invasive cancers 
may be accompanied with only weak angiogenic activ- 
ity. Accordingly, lobular invasive breast cancer may 
exhibit only weak and persistent (misleading!) enhance- 
ment kinetics, and MRI may be reported as falsely nega- 
tive [133, 134] (fig. 19-33). This is one of the reasons 
why, in non-masslike enhancement, enhancement 
kinetics should be used with caution [30]. The common 
appearance of ILC on MRI is an ill-defined mass that is 
near isointense on Tl- and T2-weighted images and 
shows minimal postcontrast enhancement (fig. 19-34). 

The likelihood of finding an additional site of 
cancer in the ipsilateral or contralateral breast at MRI is 
reported to be higher in women with ILC compared to 
other cancer histologies [127] (fig. 19-35). Accordingly, 
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Fig. 19.29 Invasive ductal carcinoma (IDC). Follow-up MRI examination 1 year after breast conserving therapy (BCT) of 
the left breast revealed a small mass in posterior aspect of medial left breast. Axial T2-weighted (a) and Tl-weighted GRE (b) images 
depict a heterogeneous, hypointense mass with spiculated margins, showing rapid postcontrast enhancement (c) and exhibiting a 
washout type of kinetic curve id). There is obvious invasion of the pectoral muscle with loss of the posterior fat plane and disrup- 
tion of pectoral fascia (a-c). A neighboring non-masslike area of enhancement is best appreciated on MIP image (e). 




Fig. 19.29 (Continued) 
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Fig. 19.30 Invasive ductal carcinoma (IDC). Rim enhance- 
ment and/or spiculated borders represent the most indicative 
features, even in the presence of a persistent type (Type I) of 
time-intensity curve (a). X H MR spectroscopy shows a prominent 
Cho peak at 3.2 ppm, indicating malignant nature of a lesion (b) 
(Courtesy of Natasa M. Prvulovic, M.D., Diagnostic Imaging 
Center, Oncology Institute of Vojvodina, Serbia.) 
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Fig. 19.31 Multicentric invasive ductal carcinoma (IDC). MIP image shows two enhancing lesions in the right breast and 
one in the left breast with washout kinetics — Type III time-intensity curve. 




Fig. 19.32 Multicentric invasive ductal carcinoma (IDC). 

Extensive multicentric invasive ductal carcinoma (IDC) that com- 
pletely infiltrates fibroglandular parenchyma of the right breast 
and invades the nipple seen on T2-weighted (a), postcontrast 
Tl-weighted 3D GRE axial (£>), and MIP (c) images. Enlarged, 
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Fig. 19.32 (Continued) metastatic lymph nodes in the right 
axilla are seen on the fat-saturated T2-weighted sagittal image (d). 
Note a high-signal breast coil artifact at the skin of the upper 
portion of the breast. 





Fig. 19.33 Invasive lobular carcinoma (ILC). Axial T2-weighted (a) image reveals breast asymmetry seen as an additional 
hypointense area with irregular borders in the axillary tail of the left breast. Postcontrast Tl -weighted GRE 3D (b), subtracted (c), 
and MIP id) images did not show any enhancing lesions in the breast. This was thought to represent an accessory fibroglandular 
tissue. Both subtracted and MIP image quality was degraded by motion (imaging was performed at 1.5T MR unit). There is also a 
heart motion-related artifact, best seen in c, indicating that the anterior-posterior phase-encoding direction was inappropriately 
chosen. Because of the lack of postcontrast enhancement MRI was reported as false negative. Biopsy revealed multicentric lobular 
cancer in the left breast with metastasis in the lymph nodes of the ipsilateral axilla. 
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Fig. 19.34 Multicentric invasive lobular carcinoma (ILC). Axial T2-weighted (a) image shows a single hypointense mass 
in the upper outer quadrant of the left breast, located between fibroglandular and subcutaneous fat tissue. Postcontrast subtracted 
images at the same (b) and different (c) levels and MIP image (d) show several irregularly shaped and oval enhancing subcentimeter 
lesions in segmental distribution within the left breast. ROI analysis of the dynamic data set (not shown) demonstrated a plateau 
curve (Type II). Both subtracted and MIP image quality was altered by motion artifacts (imaging was performed at 1.5T MR unit). 
Note complete obscuration of the right breast on the MIP image id) due to motion and misregistration. Biopsy revealed multicentric 
lobular cancer in the left breast (pTl). 



preoperative breast MRI for the assessment of extent of 
disease and MRI follow-up after breast conserving treat- 
ment (BCT) is recommended. 



moderately low signal on Tl -weighted and a moder- 
ately high signal on T2-weighted images, showing mod- 
erate nonspecific enhancement kinetics (fig. 19-36). 



Medullary Carcinoma 

Medullary carcinoma is considered to be a subtype of 
IDC that accounts for 5-10% of invasive cancers. 
Histologically it appears as a circumscribed mass, com- 
posed of sheets of highly pleomorphic cells with a high 
mitotic index, surrounded by a peripheral lymphoid 
infiltrate. Despite a highly malignant histology, it has a 
better prognosis than IDC or ILC. Cystic degeneration 
inside a tumor may be present [22]. 

Imaging features of this tumor are often indistin- 
guishable from fibroadenoma. At MRI, a medullary car- 
cinoma usually appears as a well-circumscribed oval 
lesion with cystic degeneration, hence presenting a 



Colloid Carcinoma 

Colloid or mucinous carcinoma is a histologically dis- 
tinctive subtype of IDC that accounts for 2% of all 
invasive cancers. Histologically, it is characterized by 
small clusters of epithelial cells swimming in pools 
of mucin. If the tumor is not mixed with other types of 
invasive cancer, it has a better prognosis than IDC or 
ILC [22]. 

On MRI, the tumor does not show appreciable 
differences from IDC [14]. On occasion, it can mimic 
the appearance of a benign tumor because of its oval 
shape, areas of T2 hyperintensity, and smooth margins 
(fig. 19.37). 
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Fig. 19-35 Multicentric invasive lobular carcinoma 
(ILC). Postcontrast Tl-weighted subtracted (a, b) and MIP (c) 
images show a well-circumscribed enhancing tumor measuring 
3 cm in the central region of the left breast (black arrow, c) and 
multiple enhancing lesions measuring from few millimeters to 
1 cm (white arrows, b) distributed diffusely in the entire breast. 
Pathology revealed multicentric ILC and many additional foci of 
LCIS. 





Fig. 19.36 Medullary carcinoma. Medullary carcinoma is depicted as an oval mass with smooth margins, mostly T2 hyper- 
intense (a) with moderate to strong heterogeneous postcontrast enhancement as seen on the MIP image (b). In addition, striking 
increase in the vascularity of the left breast is evident (b) as the secondary sign of a malignancy. 



Tubular Carcinoma 

Tubular carcinoma, a subtype of IDC, accounts for 2% 
of all breast cancers. It consists of randomly arranged 
small ducts with only one or two layers of small cells. 
It rarely metastasizes to axillary lymphnodes, and the 
prognosis is excellent [22]. The MRI appearance is 
similar to IDC (figs. 1938 and 19-39). 



Papillary Carcinoma 

Papillary carcinoma is a subtype of IDC, which accounts 
for 1-2% of breast cancers, in which the tumor compo- 
nents form papillary structures. Absence of a myoepi- 
thelial layer distinguishes papillary carcinomas from 
papillomas [21]. They usually remain noninvasive, even 
if they reach sizes of more then 2-3 cm. 




Fig. 19-37 Colloid (mucinous) carcinoma. Axial T2- 
weighted (a) and Tl -weighted (b) images show an oval mass in 
the lateral aspect of the left breast, with smooth margins. It is 
mostly hyperintense on T2-weighted and Tl -weighted images, 
with a few smaller confluent nodular lesions (T2 hypo-, Tl hyper- 
intense) at its anterior border. On postcontrast Tl -weighted (£>), 
subtracted (c, d), and MIP (e) images a rim enhancement of the 
mass with strong enhancement of nodular portion of the tumor 
is seen. Biopsy demonstrated a colloid cancer measuring 3.5 cm 
with partial necrosis (pT2NlMx). In addition, subtle architectural 
distortion within the fibroglandular parenchyma of the left breast 
is seen, with diffuse non-masslike enhancement in segmental 
distribution (arrows, d) showing persistent contrast kinetics 
(Type 1 curve). Pathology revealed low-grade DCIS and multiple 
papillomatosis. 






Fig. 19-38 Tubular carcinoma. Axial T2-weighted image (a) shows an irregular hyperintense mass with irregular margins 
in the upper outer quadrant of the left breast. On postcontrast MIP images (£>), two lesions with similar characteristics are seen. 
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Fig. 19-38 (Continued) ROI analysis of the dynamic data set (c, d) demonstrates contrast washout (Type III curve), with 
maximum relative enhancement of 110% at the fifth minute after GBCA administration, indicating malignancy. However, on the 





Fig. 19-38 (Continued) first postcontrast subtracted images (e,/) the lobulated shape of both lesions with low-intensity septa- 
tions is demonstrated, which was not considered typical for malignant lesions. Biopsy revealed two tubular cancers (pTINOMO) 
with low malignant potential. 




Fig. 19.39 Tubular carcinoma and IDC. T2-weighted 
image (a) shows a spiculated hypointense lesion in the lower 
inner quadrant of the left breast. On postcontrast subtracted (b) 
and MIP (e) images, lobulated shape and low-intensity septations 
within the tumor are seen. Biopsy revealed tubular cancer. In 
the subareolar region of the contralateral breast, another well- 
circumscribed hypointense lesion with ductal shape (c) and strong 
postcontrast enhancement (d, e) was incidentally found; biopsy 
revealed IDC. There is an enhancing oval mass in subareolar 
region of the left breast, which represented papilloma, as con- 
firmed at the ultrasound-guided core biopsy (e). (Courtesy of 
Dragana Bogdanovic-Stojanovic, M.D., Diagnostic Imaging Center, 
Oncology Institute of Vojvodina, Serbia.) 
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Fig. 19.40 Papillary carcinoma. Axial T2-weighted image (a) shows a 35-mm oval mass in the subareolar region of the right 
breast, with heterogeneous, mostly T2 hypointense internal architecture and low-intensity capsule. The mass enhances strongly on 
postcontrast Tl -weighted GRE 3D (b) and subtracted (c) images, showing typical rim-enhancing pattern (highly suspicious for 
malignancy) with thick irregular enhancing rim. An internal branching enhancement is seen coming from the anterior border of 
the mass. MIP image (d) reveals a well-circumscribed part of the tumor that shows stronger enhancement than the rest of the tumor 
(arrow), which correlates with pathology-proven IDC, measuring 2 cm in diameter, located within the papillary cancer. 



Reported MRI characteristics are moderately enhanc- 
ing masses with irregular borders and nonenhancing 
internal septations (fig. 19.40) [14]. In our experience, 
it is often hard to distinguish these tumors from benign 
papillary lesions if typical invasive morphology, that is, 
irregular, spiculated margin, is absent. Negative Cho 
peak on *H MR spectroscopy may aid the differential 
diagnosis, indicating a benign lesion (fig. 19.41). 

Paget Disease 

Paget disease (PD) of the breast consists of infiltration 
of the nipple-areolar complex epidermis by adenocar- 
cinoma cells, and accounts for approximately 2% or 3% 
of breast carcinomas. Clinically, this is observed as an 
eczematous eruption of the nipple that may be associ- 
ated with erosion or ulceration. It is often associated 
with underlying DCIS, which may also have an infiltrat- 
ing component [135, 136]. 



Clinical examination and mammography are normal 
in 10-50% of cases and do not demonstrate the underly- 
ing neoplasia [135-137]. 

The value of MRI lies in its ability to show abnormal 
morphology and enhancement of the nipple-areolar 
complex (fig. 19.42), as well as the detection of possible 
associated underlying neoplastic foci in the breast [135]. 
Negative preoperative imaging, even with MRI, does not 
reliably exclude an underlying cancer, but MRI may be 
essential to perform because of the increased sensitivity 
to detect otherwise occult disease. In the setting of 
negative mammography, MRI can facilitate treatment 
planning for patients with PD [137]. 

Inflammatory Carcinoma 

Clinical features of inflammatory breast carcinoma 
(IBC) include diffuse erythema, edema extending to 
greater than two-thirds of the breast, peau d'orange, 
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Fig. 19.41 Intraductal papilloma. The absence of a signifi- 
cant Cho peak at 3.2 ppm at X H MR spectroscopy indicates benign 
nature of lesion despite its rapid initial enhancement. Biopsy 
revealed intraductal papilloma in the left breast. (Courtesy of 
Natasa M. Prvulovic, M.D., Diagnostic Imaging Center, Oncology 
Institute of Vojvodina, Serbia.) 





Fig. 19.42 Paget disease. Abnormal morphology, retraction, 
and strong enhancement of the nipple-areolar complex are seen 
on T2-weighted (a) and postcontrast subtracted (b) axial images. 
Additional enhancing lesions (b, c) in the central and medial part 
of the breast represent high-grade DCIS with multicentric foci of 
microinvasion (TINOMx). A well-circumscribed, lobulated mass 
(arrow) seen lateral to median plane in the left breast on MIP 
image (c) represents a hamartoma (incidental finding). 
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Fig. 19.43 Inflammatory breast carcinoma (IBC). T2-weighted axial (a, b) and postcontrast GRE (c) and subtracted (d) 
axial images reveal left breast enlargement, diffuse skin thickening, abnormal nipple configuration, prominent vessels, and diffuse, 
cutaneous/subcutaneous, periareolar, pre- and subpectoral edema with an enlarged axillary lymph node. Multicentric tumors with 
spiculated margins are seen in the central and lateral aspect of the left breast, with washout kinetics. 



tenderness, induration, warmth, and diffuse extent of 
tumor by palpation. Pathohistology reveals the presence 
of malignant tumor cells in the dermal lymphatics — 
lymphangiosis carcinomatosa cutis. In some cases, 
histopathology reveals lymphatic involvement of the 
skin, but there are no clinical signs of inflammatory 
carcinoma. Such tumors have been classified as "occult" 
inflammatory breast carcinomas [20]. Clinically diag- 
nosed IBC follows a more aggressive course with a 
poorer prognosis (pT4) than the majority of breast 
cancers. 

The discrimination between acute mastitis (AM) and 
IBC remains a diagnostic challenge because of over- 
lapping clinical and imaging features. However, the 
combination of multiple dynamic and morphologic 
MRI criteria has the potential to establish the correct 
diagnosis. In both IBC and AM, MRI reveals breast 
enlargement, diffuse skin thickening, abnormal nipple 
configuration, prominent vessels, and cutaneous/subcu- 
taneous, periareolar, and diffuse edema with enlarged 
axillary lymph nodes (fig. 19-43). A recent study [138] 



has shown that some MR findings significantly differ 
between the two: Masses with a greater average size 
were detected in IBC, T2 hypointensity of masses (IBC/ 
AM, 77%/18%), blooming sign (62%/32%), infiltration of 
pectoralis major muscle (interruption of fat plane: 
54.2%/l6.7%). Perifocal (66.7%/33.3%) and prepectoral 
(73%/31%) edema were more often seen in IBC than in 
AM. The main localization of AM was subareolar, while 
localization of IBC was central or dorsal. 



MESENCHYMAL TUMORS 

Benign and malignant tumors of mesenchymal elements 
of the breast have imaging appearances similar to 
those at other sites in the body. They include benign 
tumors such as lipoma (fig. 19.44), myofibroblastoma, 
angiolipoma, and fibromatosis. Malignant tumors 
include liposarcoma, angiosarcoma, fibrosarcoma, der- 
matofibrosarcoma (fig. 19.45), and malignant fibrous 
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Fig. 19-44 Lipoma and galactocele. Axial T2-weighted (a) and Tl-weighted (b) images reveal large (20cm) encapsulated, 
homogeneous lipomatous tumor in the right breast that reaches the pectoral muscle without invasion, as shown on sagittal T2- 
weighted fat-saturated image (c). The well-circumscribed oval, T2 hypointense part of a tumor, measuring about 5 cm in diameter, 
shows high signal intensity on Tl-weighted axial image Qf) and no contrast enhancement (d). Fine needle aspiration (FNA) revealed 
galactocele (patient presented 2 years after breast-feeding cessation). 



histiocytoma. When they occur in the breast they must 
be distinguished from breast cancer. Typically, more 
aggressive lesions show heterogeneous, rapid enhance- 
ment. In our experience, a negative Cho peak at : H MR 
spectroscopy in these lesions may mislead the radiolo- 
gist to believe that the lesion could be benign, delaying 
the biopsy decision [1391. : H MR spectroscopy may be 
useful in the characterization of epithelial (carcinoma) 
but not of nonepithelial (mesenchymal) tumors (fig. 
19.45). Wide local excision with clear margins, coupled 
with removal of the core biopsy tract, is necessary to 
avoid local recurrences. 



Angiosarcoma 

Although primary angiosarcomas are rare and account 
for 0.04% of all malignant breast tumors, the breast is 
one of the most common sites to develop angiosarcoma 
[140]. Primary angiosarcomas of the breast occur spo- 
radically in young women, while secondary angiosar- 
comas occur most frequently after breast-conserving 
therapy with radiation therapy, usually after a latency 
period of 5 years [141]. Tumors often grow rapidly, 
reaching a size of up to 20cm within 12 months. The 
main clinical sign is bluish skin and palpable tumor 
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Fig. 19.45 Dermatofibrosarcoma protuberans (DFSP). DFSP in the breast presented as a strongly enhancing, lobulated 
mass with smooth margins, abutting the skin. Mass has intermediate to low intensity on both axial T2-weighted (a) and Tl -weighted 
(b) images, with T2 hypointense foci in the central part of the tumor. It showed rapid initial enhancement with washout kinetics 
(c). The lesion was categorized as BI-RADS 4. X H MR spectroscopy was performed with a voxel size of 0.5 cm 3 (d). No apparent 
Cho peak was detected in a voxel placed in the lesion (d). Nevertheless, biopsy was performed, and pathology confirmed DFSP. 



mass [142]. Surgical resection with mastectomy is the 
usual treatment. Recurrence rate depends on the tumor 
grade, and it is often accompanied by distant metastases 
[141]. 

MRI of angiosarcoma shows a heterogeneous mass 
with low signal intensity on Tl -weighted and high 
signal intensity on T2-weighted images [143], with areas 
of hemorrhage or venous lakes with large draining 
vessels in the high-grade lesions (fig. 19.46). Enhancement 
depends on tumor grade, ranging from a progressive 
kinetics in low-grade angiosarcomas to rapid washout 
in high-grade angiosarcomas [144]. MRI may be used to 
determine lesion extent. 



BREAST LYMPHOMA 



Fewer than 0.5% of all lymphomas primarily affect the 
breast tissue. Primary and secondary lymphomas of the 
breast constitute approximately 0.15% of all malignant 
mammary neoplasms. The diagnosis of a primary breast 
lymphoma is established when there is no evidence of 
systemic lymphoma or leukemia at the time of detection 
of breast involvement. Primary lymphoma involves the 
breast only or the breast with ipsilateral axillary lymph 
nodes. Secondary breast lymphoma has an extramam- 
mary origin and has a typical presentation of multiple 
breast lesions (similar to the findings in other organs). 
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Fig. 19.46 Angiosarcoma of the breast. Extensive hetero- 
geneous multifocal masses with skin invasion (main clinical sign 
was bluish skin) and tiny flow voids (arrows) are shown on T2- 
weighted axial image (a). The masses demonstrated low signal 
intensity on Tl -weighted GRE image (b) and rapid heterogeneous 
enhancement on postcontrast (c) and subtracted id) images. MRI 
was used to determine lesion extent, revealing that one-third of 
the breast tissue was involved, as seen on MIP image (e); large 
draining vessels are considered indicative of high tumor grade. 




The majority of breast lymphomas are B-cell type, and 
only rarely are T-cell or histiocytic lymphomas found. 
The age distribution is bimodal, with peaks in the 
4th and 7th decades, without significant difference 
between primary and secondary lymphomas. Unilateral 
involvement is more common, showing a slight pre- 
dominance for the right breast (60:40). Bilateral syn- 
chronous breast lymphoma is observed in approximately 
10%, while metachronous contralateral disease occurs 
in 15% of cases. 



The most frequent symptom is a palpable mass in 
the breast, sometimes painful, most commonly located 
in the upper outer quadrant. Rarely, skin fixation and 
cutaneous inflammatory changes can be detected. 
Enlarged axillary lymph nodes are clinically evident in 
30-50% of the patients. 

Typical MR findings include intensely and hetero- 
geneously enhancing mass(es) (fig. 19.47) with rapid 
initial increase and a plateau or washout kinetics in 
dynamic study [145]. 
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Fig. 1 9.47 Breast lymphoma. T2-weighted axial image 
shows an oval, isointense mass with indistinct margins in the 
upper outer quadrant of the left breast (a) with rapid, homoge- 
nous postcontrast enhancement on a subtracted image (b). There 
is another well-circumscribed, oval mass with a hypointense 
margin on T2-weighted image (c) and rim enhancement on sub- 
tracted image id). Both lesions, as seen on MIP image (e), pre- 
sented a rapid initial intensity increase with plateau and/or 
washout kinetics. Biopsy revealed anaplastic large-cell lymphoma 
(mixed-cell variant). 



RADIATION-INDUCED CARCINOMA 

Radiation is a well-recognized carcinogen. One of the 
best-documented, and most commonly encountered, 
radiation-induced cancers is the development of breast 
cancer after irradiation therapy for Hodgkin lymphoma, 
with a time delay between radiation and cancer devel- 
opment of 10-25 years [146]. There are two important 
distinguishing features. First, the age of diagnosis is 
usually in the early 40s, compared with the early 60s 



for breast cancer in the general population. Second, the 
incidence of bilateral disease, either synchronous or 
metachronous, is significantly higher (10-22%). 



METASTASES IN THE BREAST 

Breast is rarely the site of metastatic disease, which is 
responsible for only 0.4-6.6% of breast tumors. The 
most common metastases are those from cancer in the 
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contralateral breast, followed by metastases of mela- 
noma, lung carcinoma, carcinoid tumor, lymphoma, and 
leukemia [147]. 

Regardless of their primary origin, metastatic breast 
lesions generally have some MR features in common. 
Usually, oval masses with well-defined borders are 
found, unlike the spiculated appearance of primary 
breast cancer. Lesions are commonly multicentric 
and bilateral, showing ring enhancement with cen- 
tripetal progression and a washout type of dynamic 
curve [148]. 

The MR appearances of metastatic melanoma of the 
breast are variable depending on the amount of melanin 
pigment in the metastatic lesions. Since melanin 
possesses stable paramagnetic radicals, Tl and T2 
relaxation times are shortened. Therefore, melanotic 
melanoma metastasis demonstrates a high signal on Tl- 
weighted and often a low signal on T2-weighted images 
(fig. 19.48) [149]. 



Posttherapeutic MRI of the Breast 

Breast-conserving therapy (BCT) followed by radiation 
therapy and chemotherapy is the treatment of choice 
for early-stage breast carcinoma. Neoadjuvant chemo- 
therapy (NCT) is a systemic therapy initiated before the 
loco-regional treatment, indicated in patients with 
locally advanced or inflammatory breast cancers as well 
as in patients with operable breast cancer who were 
not candidates for BCT [150]. MRI is the most sensitive 
and reliable modality for local assessment (fig. 19.49) 
[127, 151, 152]. 

MRI Assessment of Postoperative Changes 

Residual carcinoma is suspected when the initial 
attempt at surgical resection is incomplete. Recurrence 
may occur in a treated breast after lumpectomy with 
negative margins, with a recurrence rate of 1-2% per 
year [150]. 




Fig. 19.48 Metastatic melanoma of the breast. Multicentric, bilateral round and oval masses are seen with low signal on 
T2-weighted image (a) and intermediate signal intensity with low-intensity rim on Tl -weighted images (£>). Lesions are well defined, 
showing typical ring enhancement on subtracted images (c) with centripetal progression (d, MIP image) and a washout-type dynamic 
curve. 
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Fig. 19.49 MRI of the breast after subcutaneous mastectomy with silicone implant endoprosthesis in right breast. 

Axial T2-weighted image (a) shows hypointense lesion lateral to the implant with strong postcontrast enhancement on subtracted 
image (arrow, b) corresponding to tumor recurrence. In the subareolar region, DCIS is seen as clumped, ductal enhancement on 
subtracted (arrow, d) image, while T2-weighted image (c) was negative. In addition, enlarged ipsilateral infraclavicular and para- 
sternal lymph nodes are seen (d-f). MRI is considered the most sensitive and reliable imaging modality for local assessment after 
breast cancer treatment. Note the nonuniform fat suppression of the right breast (c), a frequent but not diagnostically disturbing 
observation. 



Although it has been reported that the recurrence 
rate was significantly lower in patients who underwent 
preoperative MRI for breast cancer staging (fig. 19.50) 
compared to those who did not [127], the findings are 
not yet conclusive. Recent studies have reported that 



the use of MRI at the time of initial diagnosis and evalu- 
ation of patients with early-stage breast carcinoma may 
not be associated with an improvement in outcome after 
BCT [153]. Recurrence may arise due to multifocal/ 
multicentric tumor that was not detected at the time of 
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Fig. 19-50 Multicentric IDC at postoperative MRI. Multicentric IDC is shown at preoperative MRI exam on the MIP image 
(a) in the left breast. Postcontrast GRE images (b, c) show typical morphology of invasive cancers and obvious invasion of the 
pectoral muscle (arrow, d), influencing surgical approach. 



diagnosis (fig. 19-51). The correct detection of multicen- 
tricity at preoperative MRI, however, in select cases 
results in improved management (switching from BCT 
to mastectomy), whereas erroneous classification of 
multiple foci of enhancement of benign tissue as 
multicentric disease may result in overtreatment. 
Information derived from MRI on local extent must be 
used appropriately, and simply transferring guidelines 
developed for mammographic staging to patients with 
MR-demonstrated multicentric cancer may not always 
work [154]. 

In general, breast MRI for the postoperative assess- 
ment of residual disease should be performed 28 days 
or more after surgery [155]. However, patients with 
positive surgical margins, whose further surgery should 
not be delayed, may benefit from immediate postopera- 
tive MRI to determine the extent of disease beyond 
the surgical site. Postoperative site may demonstrate 
enhancement up to 6 months after surgery without 
radiation therapy (fig. 19-52), and up to 18-24 months 
after radiation therapy [156]. MRI may not be useful for 
excluding small foci of residual disease, but it may be 



helpful for identifying gross residual disease or multi- 
centricity of disease (fig. 19-52). 

Findings suggestive of residual tumor include thick- 
ening beyond 5 mm of the enhancing wall of the seroma 
and an irregular or nodular enhancing rim around the 
resection cavity (fig. 19-53) [155]. Lack of enhancement 
at the lumpectomy site does not obviate re-excision if 
the surgical margin is positive. Re-excision or mastec- 
tomy is performed when initial margins of resection are 
positive or additional tumor foci are found. Breast MRI 
following surgery most commonly reveals fibrosis (fig. 
19-54), scar tissue, seroma, hematoma and/or fat necro- 
sis. Care is required in evaluating the postoperative 
breast as postsurgical changes can overlap in appear- 
ance with recurrent disease. 

Fat Necrosis 

Fat necrosis (FN) commonly occurs after BCT and CNB, 
as well as after radiation therapy for carcinoma. Early 
on, the lesion has the appearance of hemorrhage in 
indurated fat. After several weeks, it appears as a firm 
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Fig. 19.51 Postoperative site after BCT and radiation therapy of the breast. Postoperative site may show postcontrast 
enhancement up to 18-24 months after BCT and radiation therapy of the breast. Postoperative scarring with skin thickening and 
a small seroma (arrow, a) in the medial aspect of the left breast are shown on the axial T2-weighted (a) and Tl -weighted GRE (b) 
images. Postcontrast Tl-weighted GRE (c) and subtracted id) images demonstrate thin, regular enhancing margin of the postsurgical 
cavity 1 year after surgery and irradiation, without any signs of residual cancer. 





Fig. 19.52 Postoperative breast MRI after subcutaneous mastectomy with implant endoprosthesis. Postoperative 
breast MRI after subcutaneous mastectomy with implant endoprosthesis shows infiltration of the pectoral muscle behind the implant 
(arrows, c and d) and along the lateral side of the implant on the axial T2-weighted (a), Tl-weighted GRE (£>), subtracted (c), and 
MIP {d) images. 
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Fig. 19.52 (Continued) 





Fig. 19.53 Postoperative breast MRI 6 months after BCT. Axial T2-weighted (a) and Tl-weighted GRE (b) images demon- 
strate only small irregular hypointense lesion. Findings suggestive of residual tumor include irregular enhancing rim (arrows) around 
the resection cavity, greater than 5 mm in size, seen on subtracted (c) and MIP (d) images. Biopsy revealed residual IDC, and re- 
excision was performed. 
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Fig. 19.54 Breast MRI after BCT. Breast MRI after BCT most commonly reveals fibrosis, scar tissue, skin thickening, and 
lymphedema, as shown on axial T2-weighted (a) and subtracted (£>) images without residual cancer. However, enlarged parasternal 
lymph nodes (white arrows) are seen (c, d), necessitating restaging. Note 2 small T2-weighted hypointense oval masses (a) with 
no postcontrast enhancement (b) in the right breast corresponding to hyalinized fibroadenomas (black arrows, a). 



nodule with a well-delineated round border. The end 
stage of the process may show a dense scar [20]. Cystic 
degeneration may develop in the center, which often 
contains oily fluid with calcifications in the cyst wall, 
creating a specific mammographic appearance. However, 
clinical, mammographic, and ultrasound appearance 
may be indistinguishable from residual carcinoma. 

On MRI, Tl -weighted images without fat suppres- 
sion can be extremely helpful to establish the diagnosis 
of FN by revealing bright fat signal centrally within the 
enhancing lesion (fig. 19-55). The appearance of fat 
necrosis on postcontrast Tl-weighted images is variable, 
because of the various stages in maturation. Usually, a 
central unenhanced area (hypointense on fat-suppressed 
images) with thick enhanced rim is present (fig. 19-56). 
However, FN may mimic malignancy with varying 
appearances on MRI (fig. 19-57). Suspicious morpho- 
logic and kinetic features may be present (fig. 19-58), 
necessitating biopsy to exclude new or recurrent breast 
cancer [157]. Additionally, comparison with the mam- 
mogram can be invaluable. 



Monitoring Efficacy of 
Neoadjuvant Chemotherapy 

During or after neoadjuvant chemotherapy, diagnostic 
imaging studies are performed to 1) monitor early 
response to treatment and 2) identify possible residual 
disease. 

The major aim of MRI is the comparative measure- 
ment of the tumor volume. With the WHO classification 
criteria, the tumor should be measured by multiplication 
of the largest perpendicular diameters of the tumor and 
for multiple lesions by the sum of the products of the 
perpendicular diameters. The response is evaluated 
by comparative measurements of the primary lesion 
(fig. 19-59). Four grades are usually used to describe 
the response: complete, partial, stable, or progressive 
disease. Complete response is defined as the disappear- 
ance of all known disease, partial response is defined 
as a decrease of 50% or more in the size of the lesion, 
and progressive disease as a 25% or more increase in 
the size of one or more measurable lesions, or the 
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Fig. 19-55 Fat necrosis 1 year after BCT. Axial T2-weighted image (a) shows heterogeneous, hyper- and isointense, well- 
circumscribed lesion with hypointense rim located in the lateral aspect of the right breast (arrow). Axial GRE image (£>) reveals 
signal intensity of fat in the central area that does not enhance on postcontrast GRE (c) and subtracted id) images. Enhancing lobu- 
lated rim is present. 




Fig. 19.56 Fat necrosis after subcutaneous mastectomy 
with silicone implant endoprosthesis. T2-weighted image (a) 
shows multiple oval lesions located adjacent to the implant, 
anterolaterally and medially, with bright signal and double layer 
rim: iso- and hypointense. On fat-saturated T2-weighted sagittal (b) 






Fig. 19-56 (Continued) and axial GRE (c) images the fat signal is low. Postcontrast subtracted image (d) shows only thin, 
marginal enhancement of lesions, definitely excluding recurrent cancer. 





Fig. 19.57 Fat necrosis 6 months after BCT — diagnostic difficulties. An irregular mass of heterogeneous signal intensity 
with a hint of chemical-shift artifact is seen in the lower aspect of the right breast on axial T2-weighted image (a). On sagittal fat- 
saturated T2-weighted image (£>), there is a persistent signal from the mass, which now looks lobulated and shows a small hyper- 
intense oval part, likely due to cystic degeneration. Note the high T2 signal in the pectoralis muscle, consistent with postradiation 
changes. On the axial GRE image (c), the mass is of isointense signal with irregular borders. The postcontrast subtracted image (d) 
shows rim enhancement with enhancing incomplete septations, making this mass suspicious for malignancy. Type I time-intensity 
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Fig. 19-57 (Continued) curve (e) was the most benign feature of this lesion on breast MRI. Mammographic and sonographic 
appearances of the lesion were consistent with fat necrosis. Fine needle aspiration (FNA) revealed oily content, confirming the 
benign nature of the lesion. It was categorized as BI-RADS 3, and 6 months follow-up was recommended. 




Fig. 19-58 Fat necrosis in the right breast 6 months after 
BCT. Clinical, mammographic, and sonographic appearances 
were indistinguishable from residual carcinoma. Breast MRI 
revealed extensive heterogeneous area in segmental distribution 
in the lateral right breast on T2-weighted image (a) that showed 
heterogeneous non-masslike postcontrast enhancement as seen 
on subtracted image (&). This was categorized as BI-RADS 4 lesion. 
Enlarged axillary lymph node (white arrow) is seen on MIP image 
(c). Biopsy revealed fat necrosis, and MRI follow-up after 3 months 
showed a decreased size of the enhancing lesion. Note hypoin- 
tense hyalinized fibroadenoma (black arrow) in the central part of 
the right breast (a). 
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Fig. 19-59 Altering IDC appearance in course of neoadjuvant chemotherapy. Multiple MR exams in the sagittal 
plane, postcontrast 3D GRE Tl-weighted scans, without and with subtraction, at approximately the same level. Initial study 
(a, b) demonstrates an irregular, strongly enhancing mass with irregular borders and rim enhancement. There is associated 
non-masslike enhancement in a segmental distribution posterior to the mass and an area of clumped enhancement in a ductal 
distribution at the posterior and superior border of this area, compatible with DCIS. Diffuse skin thickening is evident, most pro- 
nounced at the nipple-areolar complex. Note bright coil artifacts on the skin. The second study was performed at the middle point 
of chemotherapy (c, dy. the mass is significantly smaller, non-masslike area of enhancement and clumped ductal enhancement 
reduced in size. The third study after completion of the 8 cycles of chemotherapy, before surgery (e, /), shows partial response. 



1754 



Chapter 19 BREAST 





Fig. 19-59 (Continued) The mass is now fragmented and shrunken, and there are residual foci of enhancement scattered in 
the area of previously seen associated non-masslike enhancement. Skin thickening is decreased. 



appearance of new lesions. Stable disease is denned as 
a stability or variation in measurements less than that 
of a partial response [150, 158, 1591. 

At dynamic GBCE breast MRI, a change in tumor 
volume and enhancement kinetics can be observed 
(slower wash in rate, absence of washout pattern, or 
flattening of the enhancement curve), as the earliest sign 
of response, which may be observed within several 
weeks of commencing therapy. The use of MRI may be 
justified to identify responders as early as 6 weeks after 
the first chemotherapy cycle [154, 160-162]. 

Proton a H MR spectroscopy, in particular at higher 
magnetic field strength, and diffusion-weighted imaging 
can help distinguish responders and nonresponders 
even earlier, as soon as 24 h after the first cycle of che- 
motherapy [1 63-1 65]. In *H MR spectroscopy, breast 
cancers typically exhibit an elevated Cho peak at 
3.2 ppm (Cho is a marker of cellular proliferation). A 
reduction of the Cho peak seems to provide a very early 
sign of response. Predicting early response reduces 
unnecessary harm to a patient as well as the costs of 
inefficient therapy [154]. 

Although MRI may be superior to other methods, 
viable tumor remnants may be identified in up to 30% 
of patients, even if an MR study was negative. The 
underestimation of residual disease is probably due to 
the antivascular effects of chemotherapeutic agents, 
which may exceed the cytotoxic effects (especially with 
taxanes) [1 66-1 68]. 



MRI OF BREAST IMPLANTS 

The two major indications for implant assessment by 
breast MRI are the evaluation of silicone implant rupture 
and the detection of breast cancer. If MRI is being 
performed to assess silicone implant rupture, a noncon- 
trast study for the evaluation of the internal structure 
of the implant is optimal. If, however, MRI is used to 
detect possible neoplasm in the breast, a GBCE MRI 
study with the use of fat suppression and subtraction is 
necessary. 



Types of Implants 

Breast implants can be classified according to their loca- 
tion in relation to the pectoral muscle and their com- 
position. In terms of location, there are subglandular 
(i.e., retroglandular, retromammary, prepectoral) 
and submuscular (retropectoral, subpectoral) 
implants. The implant location is individually chosen 
for each patient according to the patient's need, request, 
and body habitus [1691. Subglandular implants are situ- 
ated behind the glandular tissue and in front of the 
pectoral muscle (fig. 19.60), which maximizes the aug- 
mentation effect, whereas submuscular location (fig. 
19.61) allows for better evaluation of the breast tissue 
at mammography, while its cosmetic effect is not as 
pronounced. 
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Fig. 19.60 Implant rupture. On axial fat-saturated T2- 
weighted (a) and silicon-specific IR (b) images, there are bilateral 
extracapsular ruptures of subglandular silicone implants. There is 
high signal from both silicone and fibroglandular tissue on a, and 
it is not possible to accurately differentiate free extracapsular sili- 
cone from the fibroglandular tissue at the anteromedial border of 
the implant in the left breast. With silicone-specific sequence (b) 
high signal persists, confirming the extracapsular rupture with the 
presence of extracapsular silicone. In the right breast, there is a 
focal bulge posteriorly with extracapsular silicone seen just lateral 
to it and at the medial border of the implant (b). Partly collapsed 
elastomer shell is well seen on the right as hypointense lines 
within the lateral and anterior aspect of the implant (a, b). A 
droplet of fluid is seen within the implant anteriorly, demonstrat- 
ing the high signal in a and signal void in b. On fat-suppressed 
Tl -weighted contrast enhanced sagittal image, a posterior focal 
bulge is clearly seen (c). Note the motion artifacts in phase- 
encoding direction in a. 



Implants are divided by their composition into three 
categories: saline, silicone, and a combined saline- 
silicone. Furthermore, they can contain a single lumen 
or multiple lumens — two or more (fig. 19.62). Multiple 
lumen implants can consist of one lumen within another 
(silicone within saline, i.e., double lumen) or one lumen 
behind the other (i.e., stacked). Expander type implants 
consist of a single saline or a double saline-silicone 
lumen. The outer envelope of the implant also may vary 
depending on the material. Most contemporary implants 
have a silicone elastomer shell. A textured surface and 
a layer of polyurethane are incorporated in order to 
decrease the likelihood of contracture. 

All implants are eventually surrounded by a host 
fibrous capsule, which forms as a response of the body 
to the foreign material of the implant. It is formed soon 
after the placement of the implant and represents a thin 
layer of scar tissue, which not uncommonly calcifies or, 
rarely, ossifies. This capsule may contract around the 
implant as early as a few weeks after placement, causing 
capsular contracture, one of the most common potential 



complications of implants. In addition, breast pain, 
hematoma, and infection may occur. Several papers 
have suggested a possible link between silicone implants 
and connective tissue disorders, but without strong sup- 
porting evidence. Finally, an important possible com- 
plication is implant failure. 

Implant Failure 

The functional definition of implant rupture is the failure 
of an implant to contain its silicone gel [1691. Gel bleed 
is the term used to describe the normal transudation of 
microscopic amounts of silicone gel through an intact 
shell. This term should not be used when there is any 
sign of a discontinuity in the shell. To avoid misinter- 
pretation and miscommunication, some authors suggest 
the discontinuation of the term [169L 

Implant rupture can be classified according to the 
degree of collapse. The first degree is termed gel leak 
or uncollapsed rupture, representing a small amount 
of silicone gel that is detected usually as a 0.5-mm-thick 
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Fig. 19.61 Multifocal IDC in patient with silicone implants. Subpectoral silicone implants are seen on axial T2-weighted 
(a) and Tl -weighted GRE (b) images. Multiple enhancing masses are seen in the lateral aspect of the right breast on postcontrast 
Tl-weighted GRE (c) and subtracted id) images. Biopsy revealed multifocal IDC (Courtesy of Dragana Bogdanovic-Stojanovic, M.D., 
Diagnostic Imaging Center, Oncology Institute of Vojvodina, Serbia.) 



layer on the surface of the implant (fig. 19.63). After a 
careful search, a small hole or other opening in the shell 
can be detected. The next degree can be classified as 
an intracapsular rupture, when silicone gel from a 
ruptured implant is still contained within the fibrous 
capsule and the shell collapses into the gel to a variable 
degree (fig. 19.62). The final degree of intracapsular 
rupture is a fully collapsed implant, where the shell 
is effectively fully collapsed within the gel (fig. 19.64). 
Extracapsular rupture refers to the circumstance in 
which silicone gel escapes through a defect in the 
fibrous capsule into adjacent tissues, either into the 
anatomic space where the implant was originally placed 
or, rarely, into neighboring anatomic spaces (fig. 19.60). 
For single-lumen silicone gel-filled implants, the defini- 
tions of rupture and collapse are relatively straightfor- 
ward, while for double- and triple-lumen implants there 
are many possible configurations of rupture. 

Implants may rupture for a variety of reasons: trau- 
matic stress, such as manual compression to break up a 
painful capsule (closed capsulotomy), accidents, gunshot 



wounds, insertion of pleural tubes, and even mammo- 
graphic compression [170]. Most ruptures, however, 
occur with no identifiable cause. Berg and Nguyen [171] 
reported that the mean age of ruptured implants was 
13.4 years, while for intact implants it was 7.7 years. This 
led to a supposition that the main predisposing factor 
for rupture is the age of the implant, with an increasing 
possibility of rupture in older implants. 

Approximately 77-89% of ruptures are classified as 
intracapsular, and between 11% and 13% are classified 
as extracapsular. The migration of silicone gel in extra- 
capsular rupture is usually detected within the breast 
parenchyma, but sometimes silicone gel can migrate 
intraductally, through the nipple or transcutaneously 
through the skin. Distant localization includes axillary 
lymph nodes, pleura, chest wall, ribs, or even extremi- 
ties, inguinal region, or liver. As a response to silicone 
migration, the body produces silicone granuloma 
around the foreign body. 

The symptoms of implant rupture are usually minor 
and clinically silent. They may include pain or a palpable 
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Fig. 19.62 Intracapsular rupture of outer lumen of double-lumen silicone-silicone implants. Bilateral axial fat-saturated 
T2-weighted (a, b) and corresponding silicone-specific (c, d) images demonstrate various signs of implant rupture. Keyhole sign is 
seen in the posterolateral aspect of the right breast implant, while there is a noose sign in the same area on the opposite side. 
There is pull-away sign in the anterolateral aspect of the right breast implant. Salad-oil sign is also seen as high signal foci within 
the gel (a, b), which are suppressed on silicone-only sequences (c, d), indicating fluid/serum influx, likely through a defect capsule. 
Note the rounded shape of the inner lumen components bilaterally, reflecting higher silicone pressure within them, which is a 
normal finding. 



mass in the axilla, breast, or chest wall, but also changes 
in the morphology of the breast (asymmetry, size, shape) 
might occur. There are no supporting data for the use 
of screening imaging of asymptomatic women for 
implant rupture, but imaging studies, including mam- 
mography, ultrasound, and MRI, are undoubtedly useful 
in establishing the diagnose of implant failure. 

Magnetic Resonance Imaging Technique 

In women with silicone implants, breast MR is per- 
formed with a dedicated breast coil in the prone posi- 
tion. For sagittal acquisitions the phase encoding should 
be in the supero-inferior direction. High-resolution fast 
spin-echo T2-weighted imaging has a reported sensitiv- 
ity of 95-98% for the detection of implant rupture. 
Sensitivity is somewhat lower in cases of subtle uncol- 
lapsed ruptures (about 50%). 

The most common pulse sequences to image breast 
implants and soft tissue silicone are T2-weighted fast 



spin echo and fast inversion recovery (IR) with water 
saturation. In the first sequence, water and waterlike 
fluids, as well as silicone, look bright with fat of inter- 
mediate signal and allow an excellent appreciation of 
the internal structure of the implant. The latter sequence 
is a "silicone-only" sequence since it allows silicone to 
be bright whereas fat is suppressed (STIR) and water is 
dark (saturated), which provides excellent visualization 
of extracapsular silicone. 

On T2-weighted fast spin-echo images, the intact 
single-lumen implant demonstrates a high signal sur- 
rounded by a thin hypointense layer of elastomer shell 
and fibrous capsule. Curvilinear hypointense lines 
within the implant that are continuous with the outer 
capsule are called radial folds or invaginations and are 
part of the normal appearance of an intact implant. 
They can be simple, traveling, branched, or with a 
crook-neck appearance; they can extend across the 
implant in a simple or complex pattern, short or long, 
single or multiple, and also have the appearance of free 



1758 



Chapter 19 BREAST 





Fig. 19.63 Gel leak — uncollapsed rupture. Sagittal fat-saturated T2-weighted (a) and silicone-specific (b) images demonstrate 
small amount of silicone outside the inner shell at the posterior and superior border of the silicone implant. Note the indistinct 
anteroinferior border due to partial volume effect and complex radial fold. There were no signs of elastomer shell collapse. 




Fig. 19.64 Intracapsular rupture. Silicone-specific bilateral 
axial (a) and sagittal image of the left breast (b) demonstrate mul- 
tiple curvilinear hypointense lines corresponding to completely 
collapsed elastomer shell — linguine sign. There is no extracapsu- 
lar silicone, indicating that this is an intracapsular rupture. Note 
the subcapsular line at the posterior aspect of the right breast 
implant indicative of early, noncollapsed, intracapsular rupture 
(the same case as in fig. 19.63). 
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floating (which they are not) [169]. Contour variations 
have a wide spectrum of appearances, occurring also 
in the setting of rupture. Variation in the contour of the 
margins occurs when there is no capsule contracture, 
related to patient positioning. Others include medial 
bunching, superior feathering, and folding around the 
pectoralis major and are important only as a potential 
pitfall in establishing the diagnosis of an implant rupture. 
In the setting of a contracture, small focal bulges, with 
a diameter of 2 cm or less, can occur, with no predictive 
value for future rupture. Fluid droplets may be seen 
within the silicone in a single-lumen implant because 
of injection of saline or other material for custom-fit 
sizing. Waterlike fluid collections can sometimes be 
seen between the implant and the inner surface of the 
fibrous capsule, often in textured-surface implants, with 
no known cause or significance. 

On MRI, first-degree implant rupture, silicone 
leakage, appears as tiny amounts of gel adjacent to the 
uncollapsed inner capsule-implant shell (fig. 19.63). 
Further leakage gives the subcapsular line sign of a 
minimally collapsed rupture, seen as a thin layer of gel 
between the implant shell and the outer, fibrous capsule 
(fig. 19.64). 

Second-degree implant rupture, intracapsular 
rupture, corresponds to the implant shell rupture, but 
with the outer capsule still intact. Silicone can be 
trapped within the folds of the shell, described as 
inverted teardrop, keyhole, or noose sign (the sides 
of the infolding shell touch in the middle) (fig. 19.62); 
pull-away sign (similar to the keyhole sign, but more 
silicone is present in the fold so that the sides no longer 
touch); pince-nez sign (rare appearance near the tips 
of double keyholes), and parallel-line sign (silicone 
outside the implant shell is found between the layers 
of a larger infolding of the shell). The pitfalls with these 
signs are related to incorrect interpretation of variants 
in the implant shell appearance. One certain sign of 
intracapsular rupture is linguine sign. The shell is col- 
lapsed and folded in itself, which is visualized as 
stacked, hypointense curvilinear lines fully surrounded 
by the silicone gel (fig. 19.64). 

The third degree, or extracapsular rupture, demon- 
strates free silicone that can be found outside the 
implant lumen and fibrous capsule, extending beyond 
the capsule into the breast parenchyma or axilla [170]. 
Except in the very rare cases of intentional surgical 
placement of free silicone, this represents the main sign 
of gross extracapsular rupture of the implant [169]. This 
condition is best appreciated with "silicone-only" 
sequences (water-suppressed inversion recovery with 
inversion time TI = 150-180 ms at 1.5 T and 220-250 ms 
at 3T). Five main pitfalls may occur in the case of 
extracapsular rupture. Calcifications of the fibrous 
capsule may lead to a false-negative examination, more 



commonly encountered when using ultrasound. Another 
pitfall is when silicone from a prior rupture is mistak- 
enly considered to indicate rupture of the current 
implant. In this case, taking an adequate and detailed 
implant history is essential. Yet another potential pitfall 
is mistaking fatty infiltration or edema for silicone gran- 
uloma. MRI is extremely useful in establishing the diag- 
noses of seroma or hematoma versus extracapsular 
rupture, when a patient is a surgical candidate. A fifth 
pitfall is differentiation between small focal extrusion of 
silicone gel versus a small nearby silicone gel cyst, 
which is uncommon [169]. 

In the setting of a double-lumen implant rupture or 
expander implant rupture, the shell can also be visual- 
ized in different degrees of collapse. Isolated failure of 
the shell that separates the two lumens results in saline 
mixing with the gel, described as a salad oil sign, and 
has no known clinical importance. An isolated outer 
saline lumen failure mimics an intact implant, and also 
does not have an important clinical consequence. 

Breast Cancer Detection in Patients 
with Implants 

MRI is the modality of choice to detect breast cancer in 
women with breast implants (fig. 19.61) In current 
practice, the MR protocol of choice for imaging breast 
cancer in women with implants consists of imaging both 
breasts in the transverse plane with a dedicated breast 
coil in order to obtain high in-plane resolution thin-slice 
images, with the highest possible temporal resolution 
for contrast-enhanced sequences. 

An important issue that has been investigated care- 
fully over the last decade is whether breast implants 
increase the incidence of breast cancer, and to date 
there have been no strong data to support this claim 
[169]. It is presently unknown whether breast cancer 
occurring within silicone-containing tissue can be 
missed and defined as "normal-appearing" silicone. 

GBCE breast MRI is helpful as an ancillary tool to 
mammography in depicting breast cancer in women 
with breast implants. False positive findings include 
misclassifying the normally slow-enhancing fibrous 
capsule or silicone granuloma as cancer. In addition, in 
silicone-containing lymph nodes slow and regular con- 
trast enhancement has been reported, without any signs 
of malignant cells present in the lymph nodes. The 
advantage of breast MRI compared with conventional 
mammography will be in the use of a contrast agent 
that helps visualizing cancer that is obscured by the 
implant on the mammogram and the clear visualization 
of posterior tissues [170]. Furthermore, the lack of 
need for compression, which carries a potential risk 
of rupture, with MRI compared to mammography is 
advantageous. 
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MR-Guided Interventions 

In breast imaging, full use of any modality requires that 
it can be used for tissue sampling guidance. When an 
unsuspected lesion is seen on breast MRI, and cannot 
be confidently described as benign, the first step in 
further evaluation is targeted, so-called second-look 
breast ultrasound. 

Location of the lesion within the breast must be 
accurately determined from the MRI scans. The ultra- 
sound exam is then tailored to focus on that particular 
area in the breast. Because of the mobility of the breast 
and the supine position during an ultrasound exam, 
compared to the prone position in MRI, an examiner 
might face great difficulties in correlating MRI and ultra- 
sound findings. This is often the case with a small lesion 
in a breast of larger size. Every effort should be made 
to confirm that the ultrasound finding, if any, corre- 
sponds to the initial MRI-detected lesion. When in 
doubt, ultrasound-guided biopsy should be performed 
and a marker clip placed at the biopsy site. The patient 
should then be scheduled for an MRI-guided biopsy. If, 
at the time of biopsy, the signal void from the marker 
clip is seen within the lesion on the preprocedural scan, 
this confirms that MRI and ultrasound have detected the 
same lesion, and MRI-guided biopsy can be canceled. 
MRI-guided biopsy should be reserved only for the 
lesion demonstrated exclusively by MRI. If a lesion can 
be reliably depicted by ultrasound or mammography, 
those modalities should guide the sampling. 

In the early era of breast MRI, when a suspicious 
lesion was seen exclusively by MRI the only option was 
to perform an MRI-guided wire localization and surgical 
biopsy. Initially this was performed by a free-hand 
technique, with a vitamin E capsule as a skin marker 
to determine puncture position. 

Currently, with the development of MRI-compatible 
biopsy devices, MRI-guided interventions have entered 
the mainstream of modern breast imaging. There are 
several vendors that offer MRI-guided biopsy systems, 
including dedicated hardware and software packages. 



A common feature is that the breast coil must be open, 
that is, curved on its sides, enabling access to the breast. 
Most modern breast coils follow this design. While it is 
possible to perform a biopsy with a coaxial sheath and 
a spring-loaded biopsy gun, vacuum-assisted 12-9G 
biopsy needles are most commonly used. 

Proper patient positioning is of utmost importance 
for successful MRI-guided breast intervention. For 
lesions located closer to the chest wall, padding on the 
coil might have to be removed in order to position the 
breast deep enough in the coil. To facilitate targeting, 
the breast must be compressed. Dedicated solid and 
perforated compression plates are used for this purpose. 

A sterile perforated or grid compression plate is 
usually placed over the lateral aspect of the breast, as 
the lateral approach provides easier access. A solid plate 
is placed on the opposite side of the breast, to achieve 
a firm support to the breast. If necessary, it is possible 
to use a medial approach as well. In that case, the 
contralateral breast coil opening is blocked, thus keeping 
the contralateral breast supported away from the access 
path. This approach is more difficult for the physician, 
as all the manipulation takes place deep under the 
patient, both hard to reach and hard to see. 

The extent of compression should immobilize the 
breast, but not to the degree that the bloodflow would 
be compromised, as that would interfere with contrast 
delivery. 

Technical details of performing the intervention, 
either preoperative wire localization or biopsy, are 
different with different vendor systems. In general, the 
procedure starts with noncontrast scans. When the 
proper breast positioning is confirmed, the contrast 
enhanced dynamic scans are run, usually with only two 
postcontrast sequences, most commonly using the sagit- 
tal imaging plane. 

After the lesion is visualized, a coordinate system 
is introduced to determine the puncture site on the skin 
and the depth to the lesion. While this can be cumber- 
some with a free-hand technique, it is more straightfor- 
ward with a dedicated biopsy system. Special, high MR 



Fig. 19-65 MRI-guided core biopsy. MRI-guided core biopsy and marker clip placement was performed with a dedicated 
biopsy system and a workstation. Postcontrast Tl-weighted axial (a) and subtracted (b) images demonstrate an enhancing mass in 
the subareolar region. Note that to facilitate the biopsy the breast was positioned to maximize the breast thickness anteriorly, where 
the targeted lesion was located. A sagittal postcontrast Tl-weighted scan (c, d) was then obtained to plan the biopsy. A grid com- 
pression plate can be seen as a mash of rectangular signal voids at the skin surface id). This plate contains high-signal markers (not 
shown here, seen on different images) that were selected on-screen to define a three-dimensional frame of reference. After the 
target was identified and marked on the postcontrast images, its location, i.e., the skin incision coordinates in the grid relative to 
the marker position, and the target's depth from the surface were automatically calculated. The stylet was introduced through the 
coaxial sheath and then replaced with a plastic localizing obturator. An obturator is seen as a round (e), or linear (/") signal void. 
Its position relative to the targeted enhancing mass can be easily determined. On the sagittal scan (e), it is located within the mass. 
On the axial scan (/"), it is obvious that its tip passed the lesion. Therefore, the coaxial sheet had to be retracted about 4 mm before 
the obturator was replaced by the biopsy needle and biopsy was performed. After the biopsy, a marker clip was placed at the 
biopsy site. A marker clip's signal void is seen on both sagittal (g) and axial (h) postprocedural scans. The marker clip is located at 
the medial edge of the enhancing mass (If). The obturator is again seen Qf), now pulled back even more. Pathology confirmed IDC. 
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signal-producing reference points on the compression 
plate and the particular pattern of its openings can serve 
as a guide. Topical anesthetic is used to infiltrate the 
skin at the puncture site and the tissue along the antici- 
pated needle track. 

In the case of wire localization, a needle is intro- 
duced and its position is confirmed on the subsequent 
scan. Then a localization wire is placed and the needle 
is removed. The procedure is completed with the last 
scan demonstrating the final position of the localizing 
wire. The signal void of the wire is usually well seen. 
Before surgery, mammograms are obtained and the 
approximated position of the MR-detected lesion marked, 
to present the road map for the surgeon. Currently, there 
is no way to confirm by specimen imaging that the tar- 
geted area was indeed removed at surgery. 

In case of an MRI-guided biopsy (fig. 19.65), an 
introducer stylet coupled with a thin coaxial sheath is 
advanced through the skin up to the targeted depth. It 
is then removed and replaced by an MR-safe, usually 
plastic, localizing obturator, while leaving the coaxial 
sheath in place for the duration of the procedure. The 
correct positioning is confirmed on the next scan. The 
obturator is then removed, and the vacuum-assisted 
core biopsy needle is introduced through the coaxial 
sheath to perform the biopsy. After the tissue samples 
are obtained, a marker clip is placed at the biopsy site. 
The placement of the clip can be confirmed on the final 
MR scan and with mammograms. It is important to 
document the clip's position to prevent possible subse- 
quent surgical failure due to clip migration. 

An MRI-guided vacuum-assisted biopsy has a low 
complication rate and has been shown to represent a 
reliable alternative to MRI wire localization of suspicious 
lesions [172-175]. 
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CONTRAST AGENTS 



ERSAN ALTUN, DIEGO R. MARTIN, and RICHARD C. SEMELKA 



he number of advanced imaging studies, CT and 
MRI, that are performed in the U.S. continue to 
increase at a fast rate. It is estimated that 70 million CT 
studies and 30 million MR studies were performed in 
2006. Almost half of these studies involve the use of 
intravenous contrast agents: Iodine-based contrast agent 
(IBCAs) are used in CT, and gadolinium-based contrast 
agents (GBCAs) are used in MRI. Complications from the 
use of IBCAs have been recognized for many years, with 
contrast-induced nephropathy (CIN) and anaphylactoid 
reactions being the most important and best-known com- 
plications. GBCAs had long been considered safe because 
of their reported much lower incidence of anaphylactoid 
reactions and CIN. Therefore, they were preferred over 
IBCAs in patients with renal impairment because of their 
presumed lower nephrotoxicity [1]. However, by October 
2006, it was recognized by sufficient publications that use 
of GBCAs could result in the condition nephrogenic sys- 
temic fibrosis (NSF) in patients with renal impairment [1]. 
The discovery of the association of GBCAs with the 
development of NSF demonstrates and reminds us 
that all contrast agents should be used with caution in 
all patients [1]. Therefore, this chapter focuses on the 



categorization, enhancement and pharmacokinetic pro- 
perties, toxicities and complications of administration, 
and practical guidelines for administration of MRI con- 
trast agents. 

CATEGORIZATION 

OF MRI CONTRAST AGENTS 

MR contrast agents in clinical use are classified into three 
main types: 1) GBCAs, 2) iron-based contrast agents, 
and 3) manganese-based contrast agents. 

GBCAs 

GBCAs are by far the most commonly used MR contrast 
agents. They are essential for the detection and charac- 
terization of tumors, detection of inflammation and 
fibrosis, assessment of organ perfusion, and delineation 
of vessels and related vascular pathologies. Recognition 
of the phases of enhancement are critical for the detec- 
tion and differentiation of these entities with the admin- 
istration of GBCAs. 
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Classification of GBCAs 

GBCAs in clinical use are classified into three types 
according to their distribution in the body as follows: 
1) extracellular agents, 2) combined extracellular and 
intracellular agents, and 3) blood pool agents. GBCAs 
are classified into two types according to the backbone 
structure of their amine group, linear or macrocyclic. 
Linear and macrocyclic GBCAs may be further subclas- 
sified according to their charges as ionic or nonionic. 
Table 20.1 displays the categorization of GBCAs accord- 
ing to generic/product/manufacturer name, distribution 
in the body, chemical structure, elimination pathway, 
protein binding, thermodynamic stability, and dissocia- 
tion rate. 

Extracellular agents are distributed into extracellular 
space, including vascular and interstitial spaces. They 
have been in the longest use and have been the most 
widely used GBCAs. Extracellular agents can be linear 
or macrocyclic and ionic or nonionic. All extracellular 
agents are eliminated by the kidneys and do not exhibit 
protein binding. They are generally used at their stan- 
dard dose, which is O.lmmol/kg. Extracellular agents 
can be used for the acquisition of hepatic arterial domi- 
nant, early hepatic venous, and interstitial phases of 
standard gadolinium-enhanced MRI images (fig. 20.1). 

ProHance [gadoteridol, (Bracco Diagnostics, Milan, 
Italy)], Dotarem [gadoterate meglumine (Guerbet, 
Aulnay-sous-Bois, France)], and Gadovist [gadobutrol 
(Bayer Schering Pharma AG, Germany)] are the three 
macrocyclic GBCAs that are currently manufactured and 
in clinical use. Of the three, only ProHance is FDA 
approved for clinical use in the U.S. At the time of 
writing this chapter both Dotarem and Gadovist are in 
phase III clinical trials, under the observation of the 
FDA. As macrocyclic agents, all three of these contrast 
agents share the property of having the highest stability, 
in addition to being relatively pure nonspecific extracel- 
lular agents. There are, however, distinctive attributes 
of each agent, which may or may not be beneficial in 
their use. 

ProHance is a nonionic macrocyclic agent that, in 
addition, has a low viscosity. The lower viscosity trans- 
lates into easier and more rapid injection when admin- 
istered by hand injection compared to other agents. This 
may be both advantageous (e.g., when only a small 
vein is cannulated this facilitates adequate injection) or 
potentially disadvantageous (e.g., more of a perceived 
"contrast rush" due to rapid injection). 

Dotarem is an ionic macrocyclic agent, and there- 
fore combines both the predominant stability factor of 
macrocyclic design with the ancillary factor of ionicity. 
Hence, from a theoretical standpoint of stability, Dotarem 
should be one of the safest GBCAs. 

Gadovist is a nonionic macrocyclic GBCA. Gadovist 
has higher Tl relaxivity due to its structural difference. 



Marketed Gadovist solutions also have a double amount 
of gadolinium per volume due to their 1 molar (M) 
concentrations compared to 0.5 M concentrations of the 
other GBCAs. This agent can also be administered in a 
lower dose to achieve the same imaging effect, theoreti- 
cally because of its higher Tl relaxivity. 

We anticipate that by the time of the release of the 
next edition of this textbook both Dotarem and Gadovist 
will be FDA approved and on the U.S. market. The 
experience of NSF (discussed below) has taught all of 
us that GBCAs should not be considered completely 
innocuous, and that all agents are not the same. We 
have now developed a heightened awareness of differ- 
ences and idiosyncrasies of these agents. 

Combined extracellular and intracellular agents are 
distributed into the extracellular space including vascu- 
lar and interstitial spaces, and intracellular spaces of 
hepatocytes. Therefore, these agents can also be termed 
combined extracellular and hepatocyte-specific agents. 
These agents are MultiHance [gadobenate dimeglumine 
(Bracco Diagnostics, Milan, Italy)] and Eovist [gadoxetic 
acid (Bayer Healthcare Pharmaceuticals, Wayne, NJ), in 
the US]/Primovist [gadoxetic acid (Bayer Schering 
Pharma AG, Germany), outside the US]. These agents 
are taken up by hepatocytes and excreted into bile 
ducts. Therefore, they have dual elimination including 
both renal and biliary elimination. The phase in which 
the liver shows uptake of these agents is termed the 
hepatocyte phase. These agents, which are linear and 
ionic, have also higher Tl relaxivity because of their 
structural difference and protein binding. Less than 5% 
of MultiHance and 15% of Eovist binds serum albumin 
transiently and reversibly. Hepatocyte uptake and higher 
Tl relaxivity make these agents advantageous for liver 
imaging and MR angiographies (MRAs). However, there 
are not sufficient data about the use of Eovist in MRAs. 
The hepatocyte phase is helpful for the detection of 
lesions that do not contain hepatocytes, including 
metastases, adenomas, and poorly differentiated hepa- 
tocellular carcinomas (HCCs) (figs. 20.2-20.4). This 
phase is particularly helpful for the differentiation of 
focal nodular hyperplasia (FNH) from adenoma. FNH 
contains hepatocytes and biliary canaliculi; therefore, 
hepatocyte-specific agents can be taken up and excreted 
into the bile ducts in FNH. However, hepatic adenomas 
do not contain normal hepatocytes and biliary cana- 
liculi; therefore, hepatocyte-specific agents do not show 
uptake. Thus, while FNH enhances in the hepatocyte 
phase (fig. 20.2), hepatic adenomas do not (fig. 20.3). 
This phase is also helpful for the evaluation of liver 
function and the biliary system (figs. 20.5 and 20.6). 
Because of high Tl relaxivity, Eovist is used at one- 
fourth (0.025 mmol/kg) of the standard dose of extracel- 
lular GBCAs. However, there are not sufficient data 
demonstrating the diagnostic efficacy of this dose of 



Table 20.1 Categorization of GBCAs According to Distribution in the Body, Chemical Structure, Elimination Pathway, Protein Binding, 


Generic Name 


Chemical 
Abbreviation 


Product Name 


Distribution 


Amine 
Structure 


Charge 


Excretion 


Protein 
Binding 


FDA 
Approval 


Standard 
Dosage 


Thermodynamic 

Stability 

Constant 


Dissociation 
Rate 


Gadoversetamide 


Gd-DTPA- 
BMEA 


OptiMark (Mallinckrodt, 
St Louis, MO, USA) 


Extracellular 


Linear 


Nonionic 


Renal 


None 


Yes 


0.1 mmol/kg 


16.8 


>2.2x 10~ 2 


Gadodiamide 


Gd-DTPA- 
BMA 


Omniscan (GE 
Healthcare, 
Amersham, United 
Kingdom) 


Extracellular 


Linear 


Nonionic 


Renal 


None 


Yes 


0.1 mmol/kg 


16.8 


>2x 10" 2 


Gadopentetate 
dimeglumine 


Gd-DTPA 


Magnevist (Bayer 
Schering Pharma 
AG, Germany) 


Extracellular 


Linear 


Ionic 


Renal 


None 


Yes 


0.1 mmol/kg 


22.2 


1.2 x 10" 3 


Gadobenate 
dimeglumine 


Gd-BOPTA 


MultiHance (Bracco 
Diagnostics, Milan, 
Italy) 


Extracellular 
and 

intracellular 
(hepatocyte) 


Linear 


Ionic 


Renal (%97), 
Biliary (%3) 


<5% 


Yes 


0.1 mmol/ 
kg** 


22.6 




Gadoxetic acid 
disodium 


Gd-EOB- 
BOPTA 


Eovist (Bayer 
Healthcare 
Pharmaceuticals, 
Wayne, NJ, USA); 
Primovist (Bayer 
Schering Pharma 
AG, Germany) 


Extracellular 
and 

intracellular 
(hepatocyte) 


Linear 


Ionic 


Renal (%50), 
Biliary (%50) 


<15% 


Yes 


0.025 mmol/ 
kg* 


23.4 




Gadofosveset 
trisodium 


Gd-DTPA 


Vasovist (Epix 
Pharmaceuticals, 
Lexington, MA, USA) 


Blood pool 


Linear 


Ionic 


Renal (91%), 
Biliary (9%) 


>85% 


Yes 


0.025 mmol/ 
kg* 






Gadobutrol 


Gd-D03A- 
butriol 


Gadovist (Bayer 
Schering Pharma 
AG, Germany) 


Extracellular 


Macrocyclic 


Nonionic 


Renal 


None 


No 


0.1 mmol/ 
kg** 


21.0 


2.8 x 10~ 6 


Gadoteridol 


Gd-HP-D03A 


ProHance (Bracco 
Diagnostics, Milan, 
Italy) 


Extracellular 


Macrocyclic 


Nonionic 


Renal 


None 


Yes 


0.1 mmol/kg 


23.8 


6.4 x 10" 5 


Gadoterate 
meglumine 


Gd-DOTA 


Dotarem (Guerbet, 
Aulnay-sous-Bois, 
France) 


Extracellular 


Macrocyclic 


Ionic 


Renal 


None 


No 


0.1 mmol/kg 


25.6 


8.4 x 10" 7 



*Gadobenate dimeglumine, gadoxetic acid, gadofosveset, and gadobutrol have higher T1 relaxivity compared to the other agents. 

Gadobenate dimeglumine has been reported to be diagnostically effective at its half-dose (0.05 mmol/kg). 

*Gadobutrol solution has double amount of gadolinium in its 1 molar (M) concentration compared to 0.5 M concentration of the other GBCAs' solutions. 

**Not available. 
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Fig. 20.1 Phases of enhancement. Tl-weighted postgado- 
linium fat-suppressed hepatic arterial dominant phase (a), early 
hepatic venous phase (£>), and interstitial phase (c) 3D-GE images 
at 3.0 T. Note that the contrast is present in the hepatic arteries 
and portal vein but not in the hepatic veins on the hepatic arterial 
dominant phase. 






Fig. 20.2 Hepatocyte phase. Tl-weighted postgadolinium 20-min hepatocyte phase fat-suppressed 3D-GE images (a, b) after 
administration of gadoxetic acid demonstrate two focal nodular hyperplasias (white arrows, a, b) and one hemangioma (black 
arrow, a). The liver and extrahepatic bile ducts (open arrow, b) are enhanced. Note that it is not possible to diagnose hemangioma 
based on hepatocyte phase findings; therefore, this phase should be used in combination with hepatic arterial dominant, early 
hepatic venous, and interstitial phases. 
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Fig. 20.3 FNH vs. hepatic adenoma. Tl -weighted postgado- 
linium fat-suppressed hepatic arterial dominant phase (a), intersti- 
tial phase (b), and 1-h hepatocyte phase (c) 3D-GE images 
demonstrate one FNH (white arrow, a, c) and one adenoma (black 
arrow, a-c) side by side after the administration of gadobenate 
dimeglumine. FNH shows prominent enhancement on the hepatic 
arterial dominant phase, tends to fade on the interstitial phase, 
and enhances on the hepatocyte phase. Adenoma shows moderate 
enhancement on the hepatic arterial dominant phase, low signal 
on the interstitial phase, and no enhancement on the hepatocyte 
phase. 



Eovist compared to the standard doses of extracellular 
GBCAs. MultiHance is approved for use at O.lmmol/kg; 
however, it has been shown that 0.05mmol/kg (half- 
dose) of this agent has diagnostic efficacy comparable 
to the full dose of standard extracellular GBCAs. 
Combined extracellular and hepatocyte-specific agents 
can be used for the acquisition of the hepatic arterial 
dominant, early hepatic venous, interstitial, and hepa- 
tocyte phases of gadolinium-enhanced MRI studies. 

An important difference between MultiHance and 
Eovist is the proportion that is eliminated through the 
biliary system in relation to renal clearance: approximately 
5% of the administered dose of MultiHance is eliminated 
by the biliary system in patients with normal renal func- 
tion, whereas approximately 50% of the dose of Eovist 
is eliminated by the biliary system. These proportions 
increase in the setting of renal failure, MultiHance to 
about 9% and Eovist to a fraction not yet established. 
In terms of image acquisition, this difference is manifest 
by the time of occurrence of the hepatocyte phase with 



these two agents: with MultiHance it is at about 1 hour 
(lasting for at least 4 hours), and with Eovist it is at 
about 20 minutes (lasting for about 4 hours). Biliary 
elimination with visualization of high signal contrast in 
the biliary tree is also more pronounced with Eovist. 
The earlier hepatocyte phase that is achieved with 
Eovist permits ready acquisition of an entire postcon- 
trast study, including hepatic arterial dominant, early 
hepatic venous, and interstitial phases, with hepatocyte- 
phase, in one imaging session. To avoid excessive 
dead-time between the interstitial phase and hepato- 
cyte phase, we recommend performing T2-weighted 
sequences after the interstitial phase and before the 
hepatocyte phase. Special note should be made that 
since the biliary elimination also results in T2 shorten- 
ing, T2 sequence-based MRCP should not be performed 
after contrast administration but rather before it, as the 
T2 shortening can obscure the biliary tree. On the other 
hand, as the hepatocyte phase occurs at one hour with 
MultiHance, it is unavoidable that two imaging sessions 
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Fig. 20.4 Multiple myeloma metastases in the liver and vertebra. T2-weighted single-shot echo-train spin-echo (a), Tl- 
weighted fat-suppressed 3D-GE hepatic arterial dominant phase (£>), interstitial phase (c), and 20-min hepatocyte phase id) images 
demonstrate liver metastasis (arrow, a) and multiple bone metastases (arrow, b) from multiple myeloma after the administration of 
gadoxetic acid. The liver metastases show prominent peripheral enhancement on the hepatic arterial dominant and interstitial 
phases and minimal enhancement on the hepatocyte phase. The bone metastases show prominent enhancement. 



must be performed with a 1- to 2-hour delay between 
the full MR study and the delayed hepatocyte phase. 

In making a decision between these agents for 
hepatocyte phase imaging other considerations must be 
entertained: Only Eovist is FDA approved for liver 
imaging, while the use of MultiHance is considered off- 
label, but on the other hand the cost of MultiHance is 
considerably less at the present time and at the current 
doses recommended by the manufacturers. MultiHance 
results in considerably greater signal increase on early 
postcontrast phases than Eovist (and our experience 



emphasizes the great importance of hepatic arterial 
dominant phase imaging); this is even the case if 
MultiHance is employed at half dose, as we routinely 
do because of NSF concerns. 

Blood pool agents mainly stay in the vascular 
space. Vasovist [gadofosveset, (Epix Pharmaceuticals, 
Lexington, MA)] is a blood pool agent that has linear 
and ionic structure, and more than 85% of Vasovist 
binds serum albumin transiently and reversibly. A small 
amount of Vasovist is also distributed into the extracel- 
lular space. Binding to serum albumin provides higher 
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Fig. 20.5 Normal common bile duct. Coronal Tl -weighted 
20-min postgadolinium fat-suppressed 3D-GE image after adminis- 
tration of gadoxetic acid demonstrates the presence of contrast in 
the normal common bile duct. 





Fig. 20.6 Ampullary stenosis. Coronal T2-weighted single-shot echo-train spin-echo (a), coronal fast spin-echo thick-section 
MRCP (£>), and coronal (c) and transverse id) Tl-weighted fat-suppressed 20-min hepatocyte phase 3D-GE images after administra- 
tion of gadoxetic acid demonstrate dilated common bile duct and the presence of contrast in the dilated common bile duct. Note 
that the liver is enhanced. 
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Tl relaxivity and extended intravascular enhancement. 
Intravascular enhancement is higher and longer with 
Vasovist compared to the other protein-binding GBCAs 
(MultiHance and Eovist) because of tighter and longer- 
duration protein binding. A small amount of Vasovist is 
also taken up by hepatocytes and excreted into the bile 
ducts. Therefore, Vasovist has dual elimination includ- 
ing renal and biliary eliminations. Vasovist is adminis- 
tered at a dose of 0.025 mmol/kg. Blood pool agents 
may be advantageous for vascular imaging because 
of higher and longer intravascular enhancement; and 
Vasovist has recently been approved by FDA for body 
MRAs. However, the diagnostic role and safety profile 
of this agent need to be determined, and we have no 
clinical experience with this agent. 

Phases of Enhancement 

A critical aspect of the use of GBCAs is recognition of 
the importance of timing of data acquisition in order 
to maximize the information available regarding the 
dynamic handling of contrast by the vascular and extra- 
cellular spaces of various organs, tissues, and disease 
processes. These phases should include hepatic arterial 
dominant phase, early hepatic venous phase, interstitial 
phase, and hepatocyte phase (acquired only with hepa- 
tocyte-specific agents) 

Hepatic Arterial Dominant Phase. Appropriate 
early timing of data acquisition immediately after con- 
trast is the most critical aspect of timing. Three different 
techniques including empirical timing, test bolus, and 
bolus tracking methods are employed in order to 
acquire the optimal phase of early enhancement in a 
short time window of early postgadolinium imaging, 
which is the hepatic arterial dominant phase [2]. It has 



been recently reported that the arterial-phase bolus- 
track liver examination (ABLE) technique is a successful 
method for the acquisition of hepatic arterial dominant 
phase [31. A bolus track sequence, which produces an 
image approximately every second, is used to detect 
the arrival of GBCAs to the level of the celiac axis. After 
8 seconds, the liver is scanned with 3D-GE and standard 
ordered k space for a 16- to 20-second sequence. During 
the 8-second-period, the patient is given breathing 
instructions. This is also the technique that we routinely 
use now at our institution. 

All these techniques depend on the estimation of 
circulation time of the contrast material from the site of 
injection or abdominal aorta to the liver [2]. Because the 
circulation time of the contrast material to the liver 
shows variation depending on a number of factors, 
different subphases of arterial phase enhancement 
other than the hepatic arterial dominant phase may be 
detected [2]. 

These subphases can be summarized based on vessel 
enhancement patterns and extent of organ enhance- 
ments, as displayed in Table 20.2. These subphases are 
as follows: 1) early hepatic arterial phase (EHAP), 2) 
mid-hepatic arterial phase (MHAP), 3) late hepatic arterial 
phase (LHAP), 4) splenic vein-only hepatic arterial domi- 
nant phase (SVHADP), and 5) hepatic arterial dominant 
phase (HADP). 

1 . EHAP is characterized by the presence of contrast in 
the arteries including the hepatic arteries; the absence 
of contrast in any venous structure; and the presence 
of no or only slight enhancement in the renal cortex, 
pancreas, spleen, and liver (fig. 20.7). 

2. MHAP is characterized by the presence of contrast 
in the arteries, including the hepatic arteries; the 



Table 20.2 


Vessel and Organ 


Enhancement Patterns According 


to Su-phases of Early Enhancement 






EHAP 


MHAP 


LHAP 


SVHADP 


HADP 


Vessel Enhancement 












All arteries 




+ 


+ 


+ 


+ 


+ 


Renal veins 




- 


- 


+ 


+ 


+ 


Portal vein 




- 


- 


- 


+ 


+ 


Splenic vein 




- 


- 


- 


+ 


+ 


Superior mesenteric vein 


- 


- 


- 


- 


+ 


Suprarenal IVC 




- 


- 


± 


+ 


+ 


Hepatic vein 




- 


- 


- 


- 


- 


Organ Enhancement 












Renal cortex 




No or slight 


Mild or moderate 


Moderate to intense 


Moderate to intense 


Moderate to intense 


Spleen 




No or slight 


Mild or moderate 


Moderate to intense 


Moderate to intense 


Moderate to intense 


Pancreas 




No or slight 


Slight or mild 


Mild or moderate 


Moderate 


Moderate 


Liver 




No or slight 


Slight or mild 


Slight or mild 


Mild 


Moderate 
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Fig. 20.7 EHAP and MHAP. The early hepatic arterial phase (EHAP) observed on transverse SGE images (a, b) acquired at 
1.5 T. The mid-hepatic arterial phase (MHAP) observed on transverse 3D-GE images (c, d) acquired at 30 T. The contrast enhance- 
ment is seen in the aorta, renal arteries, and superior mesenteric artery, but there is no contrast enhancement in the veins on both 
EHAP and MHAP. The renal cortex, spleen, pancreas, and liver demonstrate slight enhancement on EHAP. The renal cortex and 
spleen show mild enhancement and the pancreas and liver shows slight enhancement on MHAP. The minimal enhancement of the 
normal pancreas reflects the too-early acquisition of data in these subphases. 



absence of contrast in any venous structure; and the 
presence of mild to moderate enhancement in the 
renal cortex and the spleen and slight to mild 
enhancement in the pancreas and liver (fig. 20.7). 
LHAP is characterized by the presence of contrast in 
the arteries, including the hepatic arteries, and renal 
veins; the presence or absence of contrast in the 
suprarenal IVC and the absence of contrast in the 
other venous structures; and the presence of moder- 
ate to intense enhancement in the renal cortex and 
the spleen, mild to moderate enhancement in the 
pancreas, and slight to mild enhancement in the liver 
(fig. 20.8). 

SVHADP is characterized by the presence of contrast 
in the arteries, including the hepatic arteries, and in 
the portal vein, splenic vein, renal veins, and supra- 
renal IVC; the absence of contrast in the superior 



mesenteric vein and hepatic veins; and the presence 
of moderate to intense enhancement in the renal 
cortex and spleen, moderate enhancement in 
the pancreas, and mild enhancement in the liver 
(fig. 20.9). 
5. HADP is characterized by the presence of contrast 
in the hepatic arteries, portal vein, renal veins, 
splenic vein, superior mesenteric vein, and suprare- 
nal IVC; the absence of contrast in the hepatic veins; 
and the presence of moderate to intense enhance- 
ment in the renal cortex, spleen, and pancreas and 
moderate enhancement in the liver (fig. 20.9). 

The enhancements of parenchymal organs demon- 
strate variations in these subphases [2]. It has been 
reported that the pancreas exhibits a capillary blush on 
the hepatic arterial dominant phase, which may act as 
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Fig. 20.8 LHAP. The late hepatic arterial phase (LHAP) 
observed on transverse 3D-GE images (a-c) acquired at 3.0 T. 
Contrast enhancement is seen in the aorta; celiac trunk; common 
hepatic artery and its branches; splenic, renal, and superior mes- 
enteric arteries; and renal veins. The renal cortex demonstrates 
intense enhancement, the pancreas and spleen demonstrate mod- 
erate enhancement, and the liver shows mild enhancement on 
LHAP. The moderate enhancement of the normal pancreas reflects 
the adequate timing of enhancement of LHAP. Contour irregular- 
ity of the liver, splenomegaly, and patchy and nodular enhance- 
ment of the liver are also detected. Patchy enhancement of the 
liver is most pronounced in the left lobe (b, c) and is consistent 
with acute-on-chronic hepatitis. Small nodular enhancement 
(arrow, c) is consistent with a dysplastic nodule. 




surrogate for the determination of the timing of the 
examination and for the enhancement of liver lesions 
[2]. Therefore, it can be accepted that the timing of 
enhancement is ideal when the pancreas shows a capil- 
lary blush [2]. It has been reported that the capillary 
blush is also observed in the LHAP and SVHADP sub- 
phases; and these phases are also adequate phases of 
early enhancement (fig. 20.10) [2]. However, EHAP and 
MHAP are not adequate phases of early enhancement 
because they are too early for the pancreas to show a 
capillary blush, and therefore these phases are too early 
for the evaluation of abdominal organs (fig. 20.10) [2]. 
In our clinical experience, if the portal vein is not 
enhanced it may be difficult to determine whether 
the timing of liver enhancement is in the MHAP (too 
early) or the LHAP (adequate timing) [2]. It has been 
reported that substantial enhancement of the pancreas 
is observed in combination with identification of the 
presence of contrast in renal veins in the LHAP [2]. 
Therefore, enhancement of the renal veins may also be 
used as a landmark for the determination of an ade- 
quate phase of enhancement, especially in the presence 



of pancreatic pathology that will reduce the enhance- 
ment of pancreatic tissue and preclude the use of the 
pancreas as a surrogate for ideal timing [2]. We do, 
however, anticipate that this observation of renal vein 
enhancement may be influenced by cardiac output, 
vascular resistance of the lung parenchyma, and renal 
function [2]. 

Early Hepatic Venous Phase. This phase should 
be acquired after the hepatic arterial dominant phase 
and is customarily referred to as the portal venous 
phase. However, early hepatic venous phase may be a 
more correct description, as contrast has just entered 
the hepatic veins at this time point. 

Interstitial Phase. This phase should be acquired 
after the early hepatic venous phase, generally with 2-5 
minutes after injection as the ideal time point, and is 
customarily referred to as the equilibrium phase. 
However, it may be more correctly referred to as inter- 
stitial phase, as no true equilibrium occurs, and the 
contrast is distributed into the interstitial space. 
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Fig. 20.9 SVHADP and HADP. The splenic vein-only hepatic arterial dominant phase (SVHADP) (a, b) and the hepatic arterial 
dominant phase (HADP) (c, d) observed on transverse 3D-GE images acquired at 3.0 T. Contrast enhancement is seen in the aorta, 
renal arteries, and splenic and superior mesenteric arteries and renal, splenic, and portal veins but not in the hepatic and superior 
mesenteric veins on SVHADP. The renal cortex and spleen demonstrate intense enhancement, the pancreas demonstrates moderate 
enhancement, and the liver shows mild enhancement on SVHADP. Although there are two pseudocysts located in the pancreatic 
tail (arrow, a) and head (arrow, £>); the moderate enhancement of the pancreas reflects the adequate timing of enhancement on 
SVHADP. In addition to the contrast-enhanced vessels seen on SVHADP, contrast enhancement is also observed in the superior 
mesenteric vein on HADP. The renal cortex demonstrates intense enhancement, and the spleen, pancreas, and liver demonstrate 
moderate enhancement. The moderate enhancement of the normal pancreas reflects the adequate timing of enhancement of HADP. 
Note that there are benign cystic lesions in the liver parenchyma (arrows, c, d). 



Hepatocyte Phase. This phase can only be 
acquired after the administration of combined extracel- 
lular and hepatocyte-specific agents including MultiHance 
and Eovist. These agents are taken up by hepatocytes 
and excreted into the bile ducts. The hepatocyte phase 
can be acquired after 1 hour following the administra- 
tion of MultiHance and 20 minutes following the admin- 
istration of Eovist. 

Iron-Based Contrast Agents 

Iron-based contrast agents, which include superpara- 
magnetic iron oxide particles, and ultrasmall superpara- 
magnetic iron oxide particles are selectively taken up 



by Kupffer cells of the reticuloendothelial system (RES). 
RES cells are primarily present in the liver, spleen, and 
lymph nodes. These agents exert their effects both on 
Tl and T2 relaxation times, and therefore postcontrast 
imaging can be performed with Tl- and T2-weighted 
sequences. They are generally used for problem-solving 
in combination with GBCAs (fig. 20.11). Superpara- 
magnetic iron oxide particles decrease the signal inten- 
sity of tissue containing RES cells on Tl- and T2 -weighted 
sequences and therefore increase the conspicuity of 
lesions that do not contain RES cells, such as metastases 
or primary tumors in the liver and spleen or hepatic 
fibrosis. Ultrasmall superparamagnetic iron oxide par- 
ticles have been reported to be successful in the 
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Fig. 20.10 EHAP vs. LHAP. Tl-weighted postgadolinium EHAP SGE (a, b) and LHAP fat-suppressed 3D-GE (c, d) images dem- 
onstrate the importance of the timing of early enhancement. While no lesions are detected on EHAP images, two small metastases 
are detected on LHAP in the same patient. 



diagnosis of lymph node metastases; however, this role 
is not yet well established. 

Superparamagnetic iron oxide particles include feru- 
moxides [Feridex (Bayer Healthcare Pharmaceuticals, 
Wayne, NJ)] and ferucarbotran [Resovist (Bayer Schering 
Pharma AG, Berlin, Germany)]. Feridex is the only 
one of these agents that is FDA approved, but it is 
currently not available on the market. Ultrasmall super- 
paramagnetic iron oxide particles include ferumoxtran 
(Combidex). 

Ferumoxide particles are 50-180 nm in size, while 
ferucarbotran particles are about 60 nm in size [4]. 
Ferumoxide particles are coated with dextran, and feru- 
carbotran particles are coated with carboxydextran [4]. 
The smaller size of ferucarbotran particles increases the 
enhancement on Tl-weighted sequences [4]. 

Resovist can be administered as a rapid bolus, and 
imaging can be performed immediately after administra- 



tion, achieving Tl -weighted-type organ enhancement. 
[4]. Both Tl-weighted dynamic and T2 -weighted delayed 
imaging can be performed; however, the Tl-weighted 
perfusional enhancement compares poorly with GBCAs. 
Accumulation of Resovist in RES cells begins at 10 
minutes and is present up to 8 hours after administra- 
tion. Vasodilatation and paraesthesia are the most 
common adverse events [4]. 

Feridex is diluted with 100 ml of 5% dextrose solu- 
tion administered as a slow infusion over 30 minutes. 
Postcontrast imaging can be performed from immedi- 
ately after the infusion up to 3-5 hours. Leg and back 
pain are the most common adverse events [4]. 

Manganese-Based Contrast Agents 

Mangafodipir trisodium (Mn-DPDP, Teslascan) is a liver- 
specific contrast agent, and postcontrast imaging is per- 
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Fig. 20.11 Differentiation of pancreatic cancer from intrapancreatic splenule. Tl-weighted postgadolinium fat-sup- 
pressed hepatic arterial dominant phase (a) and hepatic venous phase (£>) 3D-GE images and T2-weighted pre-superparamagnetic 
iron oxide (SPIO) (c) and post-SPIO id) images demonstrate a lesion in the pancreatic tail in a patient with splenectomy. The pan- 
creatic tail is located in the splenic fossa due to the operation. The lesion shows low signal on postgadolinium Tl-weighted images. 
The differential diagnosis includes pancreatic cancer based on the findings of postgadolinium imaging. However, the lesion shows 
lower signal after SPIO administration. Therefore, the diagnosis is consistent with intrapancreatic splenule. 



formed with Tl-weighted sequences. However, it has 
not been reported that it is more accurate in the diag- 
nosis of liver lesions compared to GBCAs. Additionally, 
mangafodipir chelate readily dissociates after injection 
to yield free manganese (Mn) ions [4]. Free Mn is toxic, 
and therefore it has been considered that the instability 
of the chelate may lead to toxicity [4]. Chronic exposure 
to free Mn causes a Parkinsonism-like syndrome due to 
the accumulation in the brain [4]. Furthermore, the neu- 
rological risk increases in patients with chronic liver 
failure because of the decreased elimination of Mn by 
the liver [4]. Free Mn ions dissociated from Mn-DPDP 
have also been reported to cause a depressive action 
on heart function [4]. Teslascan was FDA approved but 
has been withdrawn from the market. 



COMPLICATIONS OF 

GBCA ADMINISTRATIONS 

Toxicity can generally be categorized as acute, sub- 
acute, and chronic, where the time of occurrence of the 
complication determines this categorization. Acute tox- 
icity generally occurs within 48 hours (often within 
minutes) and is generally manifest clinically by adverse 
events that we classify as mild, moderate, and severe. 
Subacute toxicity generally occurs from 1 week to 
several months. The major subacute toxicity of GBCAs 
is the important disease process NSF. It is not known 
whether there is substantial chronic toxicity of GBCAs, 
and this may relate to bone deposition. 
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Acute Toxicity 

The acute adverse reactions seen after GBCAs are 
allergy-like (urticaria, nausea, vomiting, headache, and 
altered taste sensation). They are uncommon and are 
usually mild to moderate in severity. Severe reactions, 
anaphylactoid types, are even more rare (0.001-0.01%), 
which is a factor of 10 more safe than IBCAs [5]. An 
increased frequency in adverse reactions has been 
observed in patients with a history of reactions to either 
GBCAs or IBCAs, and also a modest increased chance 
of adverse reactions is observed in patients with a 
history of allergies, as described with IBCAs. In patients 
with a history of previous GBCA reaction a different MR 
contrast agent should be used, and 12-24 hours of 
premedication with corticosteroids and antihistamines 
should be considered [5]. This would be most prudent 
in patients with a prior moderate to severe reaction, 
because second reactions to GBCAs tend to be more 
severe than the first [5]. Severe reactions should be 
treated very carefully and should require the assistance 
of a resuscitation team. 

GBCAs are generally considered to have no neph- 
rotoxicity at approved dosages for MR imaging [5]. 
However, CIN has been reported to be seen rarely after 
the administration of GBCAs, and the risk is particularly 
high with large volumes of GBCAs (100ml and greater). 



Subacute Toxicity 

In 1997 Cowper et al. identified a scleromyxedema-like 
cutaneous disease in renal dialysis patients that they 
described in an initial series of fifteen patients in 2000 
[6]. Subsequent to the observation of this condition in 
other subjects, this entity became initially described as 
nephrogenic fibrosing dermopathy [7]. In 2005, Daram 
et al. reported that this disease was not solely restricted 
to the skin and that systemic involvement may occur, 
and they proposed a new description as nephrogenic 
systemic fibrosis (NSF) [8]. Although the skin findings 
are similar to systemic sclerosis, NSF spares the face and 
lacks the serologic markers of systemic sclerosis [91. 

In 2006, Dr. Thomas Grobner discovered an asso- 
ciation between NSF development and Omniscan [gado- 
diamide, (GE Healthcare, Amersham, United Kingdom)], 
which is one of the GBCAs standard agents in contrast- 
enhanced MRI [10]. In this landmark study, Dr. Grobner 
found that all of his patients with NSF had been exposed 
to Omniscan before the development of NSF. Therefore, 
he proposed a triggering role for gadolinium in NSF 
development in patients with diminished renal function 
[10]. To date, several studies have confirmed the pro- 
posed role of GBCAs in NSF development [11-14]. 

Following these reports, the FDA published a box 
warning that the use of all GBCAs should be avoided 



in high-risk patients unless the diagnostic information 
is essential and not available with noncontrast MRI [15]. 
In Europe, the European Medicine Agency (EMEA) 
issued a similar warning with two clear distinctions, that 
only the use of specific GBCAs associated with the 
development of NSF are contraindicated in high-risk 
patients and that those specific GBCAs should also be 
cautiously used in low-risk patients including patients 
with stage 3 chronic kidney disease [16]. Both agencies 
have asked the manufacturers to include these warnings 
on the product labeling of GBCAs [15, 16]. 

GBCAs have long been considered safe, and pre- 
ferred over IBCAs in patients with renal impairment [16]. 
However, the discovery of the association of GBCAs 
with the development of NSF demonstrates that GBCAs 
should also be used with caution in all patients, particu- 
larly in patients with renal impairment [16]. Because of 
the widespread use of GBCAs in MRI studies and the 
common occurrence of renal impairment in the general 
population, the medical community should therefore be 
familiar with NSF and the imaging management of 
patients at high risk for NSF. 

NSF 

Definition. NSF is a systemic disease characterized 
by widespread tissue fibrosis [6-8, 17]. To date, it has 
been exclusively seen in patients with renal impairment 
[6-8, 17]. The progressive fibrosis results from the depo- 
sition of collagen in tissues and initially and predomi- 
nantly affects the skin [6-8, 17]. Systemic involvement, 
including the muscles, heart, pericardium, pleura, lungs, 
diaphragm, esophagus, kidneys, and testes, generally 
follows after skin involvement [6-8, 17, 18]. 

Epidemiology. There is no sex, age, or race pre- 
dilection for the development of NSF [19]. It has been 
reported that the incidence of NSF varies according to 
the type of GBCA administered [20, 21]. The incidence 
of NSF has been reported to be 2-7% in patients with 
renal impairment following the use of Omniscan, which 
has been the agent most often reported to be associated 
with the development of NSF [14, 18]. However, because 
the determination of the incidence of NSF is largely 
based on reviews of databases, it is likely that mild cases 
may be overlooked and some deceased patients may 
have suffered from undiagnosed NSF. Therefore, it is 
probable that the incidence of NSF might be higher. 
Prior studies have observed the occurrence of NSF in 
patients with renal impairment who had prior uncon- 
founded exposure to Omniscan [14, 18]. "Unconfounded" 
refers to the fact that the patient received only that 
agent, whereas "confounded" indicates that the patient 
received more than one type of agent. In a recent study, 
the benchmark incidences of NSF were also determined 
in general patient populations who underwent gadolin- 
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ium-enhanced MRI studies in four American universi- 
ties, two each of which used Omniscan and Magnevist 
[gadopentetate dimeglumine, (Bayer Schering Pharma 
AG, Germany)]. These benchmark incidences of NSF 
have been reported to be 1 in 2913 patients for Omniscan 
and 1 in 44,225 for Magnevist [22]. This study also dem- 
onstrated that the incidence of NSF varies depending 
on the type of GBCA administered, and the risk of 
developing NSF is higher with the use of Omniscan 
compared to Magnevist [22]. 

Pathophysiology and Risk Factors. The patho- 
physiology of NSF is not completely understood [17, 
21]. Diminished renal function and GBCAs are the two 
crucial factors necessary for the development of NSF 
[10-20]. Because NSF does not develop in all patients 
who have diminished renal function and prior GBCA 
exposure, it has been considered that additional cofac- 
tors might be involved in the pathophysiology [11, 14, 
17]. Currently, it is considered that circulating fibrocytes 
play a critical role in the pathophysiology of NSF [23]. 

diminished renal function. It has been shown that 
NSF develops after the use of standard and high-dose 
GBCAs in patients with severely decreased renal func- 
tion [15, 20]. The severity of chronic kidney disease is 
classified according to the level of glomerular filtration 
rate (GFR) (Table 20.3) [24]. NSF is seen in patients with 
acute or chronic kidney disease (renal insufficiency), 
in whom GFR is less than 30ml/min/1.73m 2 [15, 20]. 
Additionally, NSF is also seen in patients with acute 
renal insufficiency of any severity due to hepatorenal 
syndrome or in patients with acute renal insufficiency 
of any severity in the perioperative liver transplantation 
period [15, 20]. 

Patients with GFR above 60ml/min/ 1.73 m 2 have 
not been reported to develop NSF [20]. More than 95% 
of NSF patients have stage 4 and 5 chronic kidney 
disease, with the great majority of these having stage 5 
chronic renal disease [15, 17]. The incidence of NSF in 



Tabl 


e 20.3 Stages of Renal Diseases 


Stage 


Description 


GFR* (ml/min/1.73m 2 ) 


1 


Kidney damage with normal 
or increased GFR 


>90 


2 


Kidney damage with mildly 
decreased GFR 


60-89 


3 


Moderately decreased GFR 


30-59 


4 


Severely decreased GFR 


15-29 


5 


Kidney failure 


<15 (or dialysis) 



Note: Chronic kidney disease is defined as either kidney damage or GFR 
lower than 60ml/min/1.73m 2 for more than 3 months. 
'Glomerular filtration rate. 



patients with stage 5 chronic kidney disease has been 
reported as 18% after the exposure of Omniscan in a 
recent study [25]. Whether NSF may occur in patients 
with stage 3 chronic kidney disease remains conjectural 
[20]. Diminished renal function has the effect of decreas- 
ing renal excretion of gadolinium, which results in an 
increased half-life in the body [14, 26]. The half-life of 
GBCAs in the body is about 90 minutes in healthy indi- 
viduals with normal renal function, whereas the half-life 
of GBCAs in patients with diminished renal function is 
50 hours or more depending on the severity of renal 
dysfunction [14, 26]. Because GBCAs can cross the pla- 
centa, enter the fetal circulation, and stay in the amni- 
otic fluid for a long time, the half-life of gadolinium is 
longer in pregnant patients and in embryos or fetuses 
[20, 27]. The half-life of gadolinium is also longer in 
patients with fluid in third spaces such as seen in diffuse 
edema or ascites, as gadolinium shows delayed elimina- 
tion in third space accumulation [28]. The half-life of 
gadolinium is likely longer in children under the age of 
1 as well, because of their immature renal function [20]. 
The increased half-life of gadolinium in these settings 
increases the likelihood of gadolinium-chelate dissocia- 
tion, with the resultant release of free gadolinium and 
its ligand, to trigger the processes leading to the devel- 
opment of NSF [14, 17, 21]. Additionally, the lever of 
renal dysfunction is correlated with the risk of develop- 
ing NSF, and the severity of NSF, that is, the worse or 
more immature the renal function, the higher the risk 
and severity of NSF [15, 20, 29]. 

To summarize the categorization of risk, the high- 
est-risk patients for NSF are defined as patients with 
stage 4 and 5 chronic renal disease, patients on dialysis, 
patients with acute renal failure, patients with hepa- 
torenal syndrome, and patients in the perioperative 
liver transplantation period [20, 30]. Low-risk patients 
for NSF are defined as patients with stage 3 chronic 
renal disease, children under age of 1, and pregnant 
patients [20]. 

pharmacokinetics OF GBCAS. Free gadolinium ion 
is toxic [31]. To ameliorate the toxicity of gadolinium, 
gadolinium ion is bound to a ligand to form a chelate 
[31]. However, gadolinium-chelate complexes dissociate 
to varying extents in solution based in the type of agent, 
both in vivo and in vitro [31]. Therefore; gadolinium- 
chelate complexes, free gadolinium ions, and free 
ligands exist as the components of an equilibrium reac- 
tion in solution [31]. Similarly, gadolinium-chelate com- 
plexes, free gadolinium ions, and free ligands exist in 
human tissues after administration of GBCAs [31]. 

Free gadolinium ion is an analog of zinc, calcium, 
iron, and copper, and the ions of these latter metals, 
found normally in the human body, compete with gado- 
linium ions in order to make bonds with the ligands via 
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transmetallation reactions [31, 32]. At this point it is 
uncertain to what extent transmetallation is active (i.e., 
zinc actively displacing gadolinium from the chelate) 
versus passive (i.e., zinc combining with the ligand 
from a gadolinium-chelate complex that has spontane- 
ously disassociated). Transmetallation may increase the 
amount of free gadolinium ions in human tissues, which 
is made more likely when the half-life of gadolinium is 
increased because of diminished renal function [31, 32]. 
Free gadolinium is known to be deposited in human 
bone tissue in trace amounts in healthy individuals with 
normal renal function [331 Recent studies have also 
identified the deposition of gadolinium in the skin of 
NSF patients but not in the skin of healthy individuals 
with normal renal function [34, 351 These recent find- 
ings also emphasize that the deposition of free gado- 
linium in human tissues increases with decreasing renal 
function [34, 351 

The dissociation of gadolinium ions from gadolin- 
ium-chelate complexes varies for different types of 
GBCAs and can be defined by the thermodynamic sta- 
bility constant and the dissociation constant [21, 3 H The 
thermodynamic stability constant determines the con- 
centration at which gadolinium ions will dissociate from 
gadolinium-chelate complexes [21, 3H The rate of this 
dissociation reaction is dependent on the dissociation 
constant [21]. Taken together, these two constants define 
the affinity of ligands for gadolinium ions at the phy- 
siological pH [21, 3H Each GBCA has a different 
thermodynamic stability constant and dissociation rate 
(Table 20.1) [21, 31]. Because the specific type of GBCAs 
with lower thermodynamic stability and higher dissocia- 
tion constants are more commonly associated with the 
development of NSF, the dissociation of gadolinium ion 
from gadolinium-chelate complexes has been consid- 
ered as the trigger in NSF development [10, 17, 21]. 
GBCAs with higher thermodynamic stability constant 
and lower dissociation rate have an extremely low or 
nonexistent likelihood of NSF development [21]. Another 
factor associated with the risk of NSF development and 
the severity of the disease is the increased total volume 
of GBCA administered either as single or cumulative 
dose [14, 36]. 

GBCAs are classified into two types according to 
the backbone structure of their amine group, linear or 
macrocyclic [16, 21]. Linear and macrocyclic GBCAs may 
be further subclassified according to their charges as 
ionic or nonionic [16]. In contrast to the linear GBCAs, 
macrocyclic GBCAs create tighter bonds with gadolin- 
ium, as the structure resembles a cage, and therefore 
have higher thermodynamic stability constants and 
lower dissociation rates [16, 21]. This supports the 
observation that macrocyclic agents have a much lesser 
or near nonexistent association with the development 
of NSF compared to linear GBCAs [14, 21]. It has also 



been postulated that electrostatic charges present in 
ionic GBCAs cause tighter bonding than nonionic 
GBCAs, and therefore ionic GBCAs are more stable 
than nonionic GBCAs [37]. This may also be reflected 
in the lower incidence of NSF with ionic linear GBCAs 
(Magnevist) than nonionic linear GBCAs [Omniscan, 
Optimark (gadoversetamide, Mallinckrodt, St. Louis, 
MO)] [20, 22]. Our current belief is that agents that also 
exhibit hepatocyte elimination (MultiHance, Eovist) 
have an additional protective feature of a route of elimi- 
nation when renal function is poor. 

It is difficult or sometimes impossible to identify the 
specific GBCA associated with the development of NSF 
in each patient because of two reasons: 1) verifiable 
records of specific GBCAs administered to each patient 
usually have not been kept, (largely because these 
agents had all previously been considered so safe) and 
2) more than one type of GBCA might have been 
administered to the patients with NSF. According to the 
current literature and NSF databases, the most common 
types of GBCAs associated with the development of NSF 
are as follows in decreasing order: 1) Omniscan 2), 
Optimark, and 3) Magnevist [15, 20]. All three of these 
gadolinium agents have linear amine structure [21]. 
Omniscan, which has one of the lowest thermodynamic 
stability constants and the highest dissociation rates, 
shows the highest degree of association with NSF devel- 
opment among these three GBCAs [15, 20, 21]. Moreover, 
marketed solutions of both Omniscan and Optimark 
include substantial amounts of the free chelating agent, 
5% and 10%, respectively [9, 38, 391 It is likely that free 
chelating agent has been added to these formulations 
in order to sequester free gadolinium when it is released 
by these slightly less stable chelates [9, 38]. It may be 
that the higher percentage of free chelate in Optimark 
may explain the lower association with NSF compared 
to Omniscan. Market solutions of the other GBCAs 
either contain no or only a very low amount of excess 
chelate [91 The unconfounded associations of GBCAs 
with NSF development, other than the three mentioned 
above, have not been definitely confirmed [15, 20]. 

cofactors. Because NSF does not develop in all 
patients with renal impairment who have undergone 
GBCA exposure, it has been suggested that additional 
cofactors might be involved in the pathophysiology of 
NSF [11, 14, 17, 31, 36, 401 Proinflammatory events 
present at the time of GBCA exposure, or that may 
develop after GGCA exposure, have been suggested to 
increase the risk of developing NSF [11, 14, 17, 36, 40]. 
Proinflammatory events include thromboembolic events; 
surgical interventions, particularly vascular surgical 
interventions and liver transplantations; systemic infec- 
tions; and diseases associated with hypercoagulability 
[11, 14, 171 Metabolic acidosis and high levels of eryth- 
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ropoietin have also been reported to be associated with 
NSF development [11, 14, 17, 36]. Furthermore, high 
levels of calcium, iron, zinc, copper, and phosphate 
ions have been suggested to increase the risk of NSF 
development, since these ions have affinity for com- 
plexing with the chelating ligand and displacing gado- 
linium ions [31, 40] or binding released gadolinium 
(phosphate). However, the necessity of cofactor pres- 
ence for the development of NSF has not been definitely 
confirmed [40, 41]. 

circulating fibrocyte hypothesis. According to 
this hypothesis, free gadolinium can stimulate the migra- 
tion of circulating fibrocytes, which are normally 
involved in wound healing, to the tissues (particularly 
to the dermis) by mechanisms that are not well under- 
stood [23, 42]. Consequently, the stimulated and migrated 
fibrocytes are considered to play a critical role in the 
development of fibrosis in tissues [23, 42]. It has been 
proposed that free gadolinium activates fibrocytes by 
means of transglutaminases and cytokines [42]. Further 
research is needed to confirm this hypothesis. 

Clinical Findings. The symptoms and signs of 
NSF usually present in 2-3 months after the administra- 
tion of GBCAs in the majority of patients [20]. However, 
presentation may arise within several days to years after 
the exposure of GBCAs [14, 22]. 

In general, NSF initially affects the skin of the 
extremities, especially the lower extremities, and may 
progressively involve the body [5-8, 20]. Initial symp- 
toms and findings include pain, burning sensation, 
itching, swelling, and erythema [5-8, 20]. Skin thicken- 
ing and hardening, red and brown plaques in the skin, 
and yellow spots in the sclera develop later [5-8, 20]. 
With the progression of NSF, joint stiffness and contrac- 
tures as well as cachexia and fibrosis in the internal 
organs and muscles develop [17, 20]. Facial skin is 
characteristically spared to some extent [91 

Diagnosis. NSF is diagnosed with clinical findings, 
deep skin biopsy, and histopathology [14, 16, 20, 22]. 
The detection of gadolinium and fibroblasts producing 
procollagen and expressing CD-34 in the skin is helpful 
in the histopathological diagnosis [34, 431 

Treatment and Prognosis. There is no known 
effective treatment method for NSF [17, 44]. The correc- 
tion of renal impairment with treatment or renal trans- 
plantation may either stop the progression of the disease 
or reverse the signs and symptoms [17, 44]. The role of 
dialysis has not yet been fully established in the treat- 
ment of NSF [17, 44]. The usefulness of hemodialysis in 
the prevention of NSF has not been shown definitely; 
however, in recent studies it has been reported that 



hemodialysis may protect against NSF at-risk patients 
[20, 30], and may also lessen the severity of disease. 
Currently, there is no medication with a proven efficacy 
for the treatment of NSF, although it has been reported 
that extracorporeal photopheresis and imatinib mesylate 
improved the clinical findings in some patients [17, 20, 
44, 45, 46]. 

The rate of progression of NSF is variable and may 
range from slow to rapid [17]. The disease rarely remits 
spontaneously [17]. Fulminant progression of disease is 
seen in approximately 5% of patients, and may result 
in death in a short time period [17]. The mortality of 
NSF has been reported as 30%, although limited data 
are available [11]. There is increased mortality related 
to hemodialysis alone [12], which renders the specific 
mortality of NSF difficult to ascertain as most patients 
are on hemodialysis. The most common causes of NSF- 
related mortality include complications that develop 
secondary to restricted joint movement and respiratory 
insufficiency developing secondary to the involvement 
of respiratory muscles [17, 47]. 

Recommended Guidelines to Minimize 
the Risk of NSF 

1. Pros and cons of the use of GBCAs should be 
assessed very carefully for high-risk patients before 
GBCA administration [151 Noncontrast techniques 
including US, CT, or MRI should be used for 
the examination whenever the patient's medical 
problem can be evaluated safely and diagnostically 
with these techniques [151 It should be remem- 
bered that even noncontrast CT carries with it the 
risk of radiation- induced malignancy; therefore, 
noncontrast ultrasound and MRI are generally the 
safest alternatives. 

2. Omniscan, Magnevist, and Optimark should not be 
administered to patients with acute renal diseases, 
or chronic renal diseases of all stages, patients with 
hepatorenal syndrome, patients that are in the peri- 
operative liver transplantation period, and children 
under age of 1 [15, 20]. 

3. When GBCA administration is considered diag- 
nostically important for the evaluation of high-risk 
patients, GBCAs that do not have proven associa- 
tions with NSF development should be used [20]. 
Macrocyclic GBCAs, because of their relatively 
stable structure or linear GBCAs with biliary elimi- 
nation (MultiHance and Eovist), may be preferred 
in these high-risk patients [20]. 

4. The minimum dose of GBCA that generates a diag- 
nostic MR examination should be administered to 
patients at high risk [20]. MultiHance and Eovist can 
be administered at lower doses than the standard 
doses of other GBCAs because of their high Tl 
relaxivity, and are therefore advantageous [48-51]. 
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MultiHance and Eovist may be administered at 
0.05mmol/kg (half-dose of standard dose of gado- 
benate dimeglumine) and at 0.025 mmol/kg (stan- 
dard dose of Eovist) to high-risk patients, respectively 
[49, 51]. There are insufficient data about the use 
of Eovist in subjects under age 18 [51]. An additional 
feature that causes these agents to possess low risk 
for NSF is that they have dual elimination by the 
kidneys and the biliary system [14]. 

5. GBCAs should not be administered in the first and 
second trimesters of pregnancy unless maternal sur- 
vival may depend upon it [27]. The use of GBCAs 
is controversial in the third trimester of pregnancy 
and should be employed sparingly [27]. The pros 
and cons of GBCA administration to these patients 
should also be assessed very carefully; the most 
stable GBCAs should be administered at the lowest 
possible doses, if maternal well-being depends 
upon it [20, 27]. 

6. For traditional high-dose gadolinium procedures, 
such as MRA, GBCAs with high Tl relaxivity (e.g., 
MultiHance) should be used at doses as low as 
reasonable [20, 50]. 

7. a) All patients who are candidates for GBCA admin- 
istration may theoretically be assessed for serum 
creatinine levels or estimated GFR (eGFR), which 
reflect renal function [27]. However, the calculation 
of eGFR may not be reasonable, necessary, or fea- 
sible in every patient [20, 27]. Therefore it has been 
reported that the determination of eGFR is not nec- 
essarily required when GBCAs other than Omniscan, 
Optimark, or Magnevist are used [20]. b) Kidney 
function diminishes with increasing age [52]. GFR 
below 60ml/min/1.73m 2 is observed in 11% of the 
population older than 60 years of age, and this 
circumstance may not be recognized in many 
patients [52]. As a result, patients should be ques- 
tioned about their medical history, especially for 
renal diseases including solitary kidney, renal trans- 
plantation, renal tumors, and renal surgery; hyper- 
tension; and diabetes before MR examination [28]. 
Serum creatinine or eGFR values should be deter- 
mined in these patients or perhaps also in patients 
over 60 years of age [28]. Whenever there is 
no information available on the renal function of 
patients who have a medical history of hyperten- 
sion and diabetes, GBCAs with high Tl relaxivity 
should be administered at low doses. 

8. There is no evidence about when a repeat GBCA- 
enhanced study should be performed in at-risk 
patients. It may be prudent to wait at least 48 hours 
between consecutive GBCA-enhanced examina- 
tions for patients who are not at risk to low risk, 
and at least one week, or perhaps longer, for 
patients who are at risk [20, 531 



9. Hemodialysis is effective at lowering the serum 
concentrations of GBCAs; however, hemodialysis is 
unlikely to be effective at eliminating GBCAs or 
deposited gadolinium in tissue [53-551 It has been 
suggested that because there is a strong dose- 
response relationship between GBCAs and NSF 
development, GBCAs should be eliminated from 
the body as completely and quickly as possible 
before transmetallation and deposition of gadolin- 
ium in tissues occur, which is likely the triggering 
process for the development of NSF [53-551 
Therefore, since there is no consistent effective 
treatment for NSF, immediate hemodialysis after the 
administration of GBCAs, as a potential preventive 
approach, should be recommended for patients 
who are already on hemodialysis and receive 
GBCAs [53-551 No patient should receive hemodi- 
alysis who is not already on hemodialysis, if the 
indication for dialysis is the MR study alone, because 
the mortality and morbidity of hemodialysis is 
higher than the risk of developing NSF following 
the exposure to stable GBCAs [20, 53-551 Ongoing 
research suggests two sessions of hemodialysis 
spaced closely together (e.g., within 24 hours) may 
be important, as the first session may remove 
free chelate, which could also rebind with free 
gadolinium. 

10. GBCAs should not be used in high dose as a sub- 
stitute for iodinated contrast media on CT, on angi- 
ography, or on other X-ray procedures [20]. 

1 1 . GBCAs should not be administered to patients who 
already have NSF [171 

Probabilistic Risk Assessment of NSF vs. CIN 

CIN Contrast induced nephropathy (CIN) is 
defined as iatrogenic renal function impairment follow- 
ing exposure to contrast media (CM), especially IBCAs, 
but also high-dose GBCAs [56-58]. CIN occurs more 
commonly subsequent to the administration of IBCAs 
compared to GBCAs, which may largely reflect a dose- 
related phenomenon [59-61]. CIN resulting from expo- 
sure to IBCAs is the third most common cause of acute 
renal failure in hospitalized patients, after impaired 
renal perfusion and the use of nephrotoxic drugs [56- 
59, 621 

The diagnosis of CIN includes three components: 
1) an acute deterioration of renal function, 2) a temporal 
relationship with the parenteral administration of CM, 
and 3) the exclusion of alternative etiologic causes 
that may result in the acute deterioration of renal 
function [56-58]. The acute deterioration of renal func- 
tion is described as a relative increase of 25% or more, 
or an absolute increase of 0.5mg/dl or more from 
baseline in serum creatinine value [56-58]. The acute 
deterioration of renal function in CIN develops after the 
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first 24 hours in 80% of patients and within 48-72 
hours in 20% of patients [56]. Recently, caution has 
been suggested in the interpretation of an elevation of 
serum creatinine values, as fluctuations may occur in 
the normal state of the patient independent of CM 
use [631. 

The pathophysiology of CIN remains uncertain [64, 
65]. The proposed mechanisms include toxic injury to 
renal tubules, ischemic injury, or decreased renal med- 
ullary perfusion [64, 65]. It has also been reported that 
different osmolality and viscosity of iodinated CM is also 
involved in the pathophysiology, with higher viscosity 
having a greater likelihood of causing this condition 
[66]. As the GFR decreases, the risk of CIN increases; 
and the risk particularly increases when the GFR is 
below 60ml/min/1.73m 2 [18, 56]. 

The incidence of CIN varies according to the type 
of IBCAs, stratified based on whether the IBCA is of 
high-, low- or iso-osmolality [66]. The incidence of CIN 
is two times higher with the use of high-osmolality IBCA 
(HOCM) compared to that of low-osmolality IBCA 
(LOCM) [591. HOCM has been widely replaced with 
LOCM because of their higher nephrotoxicity and higher 
risk of adverse reactions [59]. 

The incidence of CIN following the intra-arterial or 
intravenous use of LOCM has been reported to vary 
between 0.6 and 2.3% in patients with normal renal 
function [56]. In patients with decreased renal function, 
the incidence of CIN following the intra-arterial and 
intravenous use of LOCM has been reported to vary 
between 3% and 50% and between 1% and 21%; respec- 
tively [59, 67]. The intra-arterial administration of LOCM 
has been reported to have a two times higher incidence 
of CIN compared to intravenous administration [67], 
which may in part reflect that administration is not as 
tightly controlled, and may be much higher than intra- 
venous administration. 

The incidences of CIN following the use of iso- 
osmolality CM (IOCM) and LOCM are similar in patients 
with normal renal function [59, 67]. Although the inci- 
dence of CIN with IOCM has been reported to be lower 
in patients with decreased renal function compared to 
LOCM in a few studies, other studies have shown the 
opposite effect, apparently in part influenced by the 
sponsor of the study. There is no definite evidence that 
IOCM are safer in patients with decreased renal function 
compared to LOCM [67, 68]. 

CIN is by definition an acute event, but the critical 
aspect of this condition is the long-term consequences 
and residual renal impairment. Residual renal impair- 
ment may be seen in 30% of patients with CIN [62]. CIN 
that requires dialysis is observed in 3% of patients who 
had underlying renal impairment [62]. Hospital mortality 
rate has been reported to be between 7% and 34% for 
in-patients with CIN, 15% for patients with underlying 



renal impairment alone, and 36% for patients requiring 
dialysis [62, 69]. One-year mortality rate has been 
reported to be 38% for patients with renal impairment 
and 45% for patients with renal impairment requiring 
dialysis [62]. These numbers are comparable to the 
mortality rates of NSF. 

GBCA-induced CIN may also occur, as gadolinium 
is also a nephrotoxic agent [61]. However, the much 
lower incidence of CIN following exposure to GBCAs 
reflects that gadolinium is less nephrotoxic at MRI doses 
compared to IBCAs at the doses used for these agents, 
which are commonly 8-10 times the CM dose [59-61]. 
Therefore, GBCAs should not be used in large volumes 
(doses) intravenously for CIN reasons, in addition to the 
above-mentioned NSF reasons. 

NSF vs. CIN. NSF is a disease process with high 
morbidity and probably mortality [11, 15, 17]. The risk 
of developing NSF is high in patients with stage 4 and 
5 chronic renal disease and in patients with acute renal 
insufficiency, although most studies show that the great 
majority of patients have stage 5 disease and/or are on 
hemodialysis [15, 25]. Although the risk of developing 
NSF is unknown in patients with stage 3 chronic renal 
disease, it has been presumed that the risk is definitely 
much lower compared to stages 4 and 5 [20]. Additionally, 
NSF has not been reported in patients with GFR above 
60 ml/min/ 1.73m 2 [20]. More importantly, NSF develops 
after exposure to specific types of GBCAs including 
Omniscan, Optimark, and Magnevist [15, 20]. Other 
GBCAs have not been definitely associated with the 
development of NSF [20]. 

CIN also has a high morbidity and mortality [62]. 
The incidence of CIN is much higher than NSF [1, 14, 
18, 56, 59]. CIN also is seen in patients of all renal 
functional levels, including patients with normal renal 
function, after exposure to IBCAs [56, 59, 70]. Importantly, 
the risk of developing CIN is also substantial in patients 
with stage 2 and 3 chronic renal diseases, and in patients 
with acute renal insufficiency [1, 18, 28, 56]. The risk of 
CIN increases as the GFR decreases [18, 56]. CIN devel- 
ops after all types of IBCAs [52, 59]. Furthermore, it is 
recognized that further deterioration of renal function, 
even in patients on hemodialysis, by CIN worsens the 
patient's prognosis [62, 69]. 

In patients with acute renal failure, IBCAs should 
not be used, in order to preserve recoverable renal 
function [28]. However, the risk of NSF is also high in 
this patient group [28]. Therefore, if CM administration 
is necessary, the lowest doses of macrocyclic GBCAs, 
or linear GBCAs with high Tl relaxivity, should be used 
in these individuals [28]. 

The risk of CIN following the administration of 
IBCAs is much higher in patients with stage 2 and 3 
chronic kidney disease, compared to the risk of NSF 
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following the administration of macrocyclic GBCAs, or 
linear GBCAs with high Tl relaxivity, which may in fact 
be nonexistent [1, 28, 71, 72]. The risk of CIN is higher 
in patients with stage 4 and 5 chronic kidney diseases, 
who have residual renal function and are not regularly 
on dialysis, compared to the risk of NSF following the 
administration of macrocyclic GBCAs, or linear GBCAs 
with high Tl relaxivity [28]. 

Thus both GBCAs and iodinated CM should be used 
cautiously in all patients, particularly in patients with 
renal impairment. Risk-benefit analysis should be per- 
formed before the administration of all CM, and the best 
combination of safety and diagnostic accuracy should 
be sought. Concern about NSF or CIN should not 
prevent the use of contrast agents in MRI or CT when 
they are deemed essential. The risk of NSF may be 
minimized or avoided with the use of GBCAs that are 
not associated with the development of NSF. The risk 
of CIN may also be reduced with the use of appropriate 
management techniques. 

Our most recent multi-institutional study has shown 
that with a combination of a restrictive gadolinium 
policy and use of a more stable GBCA, the incidence 
of NSF, even if these studies are performed in patients 
with class V renal failure, may approach [73]. 

Chronic Toxicity 

It is not known whether or not there is chronic toxicity 
of GBCAs. There is no identified disease process related 
to chronic toxicity of GBCAs. Processes such as bone 
deposition of GBCA would fit into this category. At 
present, the importance of this is unknown. Liver depo- 
sition is also known to occur, and the importance of 
this is also unknown at present. 



BREAST FEEDING AND GBCAs 

The literature on the excretion into breast milk of 
GBCAs and the gastrointestinal absorption of these 
agents from breast milk is very limited. A review of the 
literature, however, reveals important facts: 1) less than 
1% of the administered maternal dose of contrast agent 
is excreted into breast milk; and 2) less than 1% of the 
contrast medium in breast milk ingested by an infant is 
absorbed from the gastrointestinal tract. Therefore, the 
expected dose of contrast medium absorbed by an 
infant from ingested breast milk is extremely low [5]. 
Although there is consensus that a breast-feeding mother 
should consider using a pump to remove breast milk 
before contrast agent administration and then afterward 
she should use the pump and discard breast milk for 
24 hours before resuming normal breast-feeding, this 
should be considered optional rather than mandatory. 



Since the biologic half-life of contrast agents is less than 
120 minutes, the amount remaining in the mother 
(assuming her renal function is normal) after 24 hours 
is essentially undetectable [74]. 
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mycobacterium avium intracellulare, VI: 
433-435 
ACTHoma, MR imaging, VI: 601, 605 
Acute cholecystitis, magnetic resonance 

cholangiopancreatography, VI: 
468-475 
chemoembolization-induced, VI: 468, 
476 
Acute hepatitis, VI: 321-329 
Acute mastitis, inflammatory breast 
carcinoma, differential 
diagnosis, V2: 1739 
Acute myelogenous leukemia, spleen 
infection, VI: 710-711 



Acute pancreatitis: 

alcohol-related, VI: 625 
gallstone-related, VI: 625, 632 
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large intestine (See also Rectal cancer; 
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cancer) 
imaging studies, VI: 843-865 
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prostate cancer, V2. 1352, 1356-1373 
renal metastases, V2. 1112, 1115 
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Adenofibromas, benign ovarian neoplasm, 

V2. 1520, 1522-1523 
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primary ovarian carcinoma, V2. 

1526-1527, 1531 
serous tumors, V2. 1533-1536 
sex cord-stromal origin, V2: 1540, 
1542, 1545-1547 
metastases to, V2. 1546-1547, 

1549-1550 
normal anatomy, V2. 1500-1501 
ovarian torsion, V2: 1509-1510, 

1514-1516 
pelvic inflammatory disease/ 

tubo-ovarian abscess, V2. 1514, 
1516-1517 
pelvic varices, V2. 1517-1518 
polycystic ovaries, V2. 1507, 1509, 1514 
transposed ovary, V2. 1500-1502 
pediatric imaging, V2. 1650 
in pregnancy, maternal imaging, masses, 
differential diagnosis, V2: 1567, 
1569-1570 
Adrenal cortex. See Adrenal glands, benign 
and malignant cortical lesions 
carcinoma, V2. 998, 1002-1006 



Adrenal glands: 

Addison disesase, V2: 1020 
benign cortical lesions: 

adenomas, V2. 969, 971-985 

bilateral, V2. 971, 974-976, 981, 984 
capillary blush, V2. 971-973, 

978-979 
Dixon technique, V2. 971, 979 
hyperfunctioning adenomas, V2. 971 
minor hemorrhage, V2. 971, 

982-984 
out-of-phase imaging, V2. 971, 983 
signal drop, V2. 971, 974, 982-983 
aldosteronomas, V2. 977, 986-987 
cysts and pseudocysts, V2. 980-981, 

984, 991-993 
hemangioma, V2. 993-994 
hyperplasia, V2. 969-970, 977, 

986-987 
myelolipoma, V2. 977-980, 988-990 
hemorrhage, V2. 1019-1020 
inflammatory disease, V2. 1019 
lesion classification and pattern 

recognition, V2. 969 
malignant cortical lesions: 

adrenal cortical carcinoma, V2. 998, 

1002-1006 
metastastes, V2. 994-1002 
medullary masses: 

ganglioma, V2. 1006, 1013, 1017 
ganglioneuroblastoma to, V2. 1006, 

1013, 1017-1018 
lymphoma, V2. 1017, 1019 
neuroblastoma, V2. 1006, 1012-1017 
pheochromocytoma, V2. 998, 

1005-1111 
schwannoma, V2. 1006 
metastases (See also specific types of 
cancer) 
adenomas, differential diagnosis, V2. 

964-968, 971 
hepatocellular carcinoma, VI: 192, 199 
imaging techniques, V2: 994—1002 
MR imaging techniques, V2: 963-968 
normal anatomy, V2. 963-968 
pediatric imaging, V2. 1650 
Adrenal insufficiency, Addison disease, V2: 

1020 
Aggressive fibromatosis, V2. 912-914 
Aicardi syndrome, fetal assessment, V2: 

1588-1592 
Air bubble artifacts: 

bile duct imaging, VI: 489, 493-494 
peritoneum, postsurgical air and fluid, 
V2. 936, 940 
Aldosteronomas, V2. 911, 986-987 
Allergy, gastric wall edema, VI: 76l, 764 
Alobar holoprosencephaly, fetal 

assessment, V2. 1588-1592 
ocl -Antitrypsin deficiency, imaging studies, 

VI: 315, 317 
a-fetoprotein (AFP), hepatocellular 

carcinoma, venous thrombosis, 
VI: 235 
Ambiguous genitalia, V2: 141 5-1416 
Amebic abscess, hepatic, VI: 430 



American College of Radiology (ACR), 
breast MRI interpretation 
guidelines, V2: 1696-1700 
American Joint Committee staging: 
breast cancer, V2. 1723-1725 
prostate cancer, V2. 1358, 1368 
testicular cancer, V2: 1392-1396 
Amniotic band syndrome, fetal assessment, 

V2: 1621 
Amniotic fluid, MR imaging and, V2. 

1622-1623 
Ampullary adenoma, MR imaging, VI: 511, 

516 
Ampullary carcinoma, bile duct imaging, 

VI: 518, 520, 527-530 
Ampullary fibrosis, MRCP imaging, VI: 489, 

495-496 
Ampullary stenosis (bile duct): 
gadolinium-based contrast agent 
imaging, V2: 1771-1773 
MRCP imaging, VI: 489 
Amyloid, urethra diffuse disease, V2. 

1377-1380 
Amyloidosis, seminal vesicles, V2. 1382, 

1385 
Anal canal: 

anorectal anomalies, VI: 827, 831, 

833-834 
anorectal melanoma, VI: 867, 869 
cloacal repair, VI: 827, 833 
normal anatomy, VI: 824, 827, 831 
perianal fistula, VI: 883, 887-888 
squamous cell carcinoma, VI: 860, 866 
Androgen exposure, female 

pseudohermaphroditism, V2. 
1415-1416 
Anesthesia, pediatric MRI, V2: 1638-1639, 

1645 
Aneurysms: 

abdominal aortic, V2: 1200-1207 
magnetic resonance angiography, V2: 

1615, 1684 
renal artery disease, V2. 1133, 

1135-1136 
renal vein, V2: 1138 
splenic artery aneurysm, VI: 706-709 
Angioimmunoblastic lymphadenopathy, 
splenic involvement, VI: 
700-702 
Angiomas, spleen, VI: 688, 694 
Angiomyolipomas : 

fatty liver differential diagnosis, VI: 383 
kidney, V2: 1063-1068 
liver lesions, VI: 67, 70, 80-81 
tuberous sclerosis and, V2. 1066, 
1069-1071 
Angiomyxoma, vulvar malignancies, V2. 

1421 
Angiosarcoma: 

breast cancer, V2. 1740-1741 
inferior vena cava, V2. 1237-1241 
liver metastases, VI: 240, 242, 249 
spleen, VI: 704, 706 
Angiotropic intravascular lymphoma, liver 

metastases, VI: 238, 242 
Anhydramnios, renal agenesis, V2. 1613 
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Annular pancreas, MR imaging, VI: 541-544 
Anterior urethra, normal anatomy, V2: 

1375-1376 
Antiphospholipase deficiency, renal artery, 

V2-. 1137 
Aorta: 

magnetic resonance angiography, V2\ 

1673, 1679-1684 
normal anatomy: 

MIP reconstruction, V2: 1198-1200 
phase mapping, V2. 1194 
retroperitoneal imaging, V2. 1200-1227 
aortic aneurysm, V2. 1200-1207 
aortic dissection, V2. 1201, 1208-1212 
aortoiliac atherosclerotic disease/ 
thrombosis, V2. 1204, 1207, 
1214-1223 
penetrating ulcers/intramural 

dissecting hematoma, V2: 1201, 
1204, 1213 
postoperative graft evaluation, V2: 
1207, 1214, 1216, 1224-1227 
Aortic atheroemboli, renal artery disease, 

V2. 1137, 1143 
"Aortic cobwebs," aortic dissection, V2. 

1201, 1208-1212 
Aortic dissection: 

magnetic resonance angiography, V2. 

1673, 1684 
renal artery disease, V2. 1133, 1135 
Aortobifemoral graft: 

infection, V2. 1214, 1216, 1226 
postsurgical evaluation, V2. 1201, 1214, 
1216, 1224-1225 
Aortoiliac atherosclerotic disease/ 

thrombosis, retroperitoneal 
imaging, V2. 1204, 1207, 
1214-1223 
"Aphtoid" ulcerations, Crohn disease, VI: 

785 
Apparent diffusion coefficient (ADC), 

breast imaging, V2: 1696 
Appendicitis: 

diagnostic imaging, VI: 874, 879-881 
infectious enteritis, differential diagnosis, 

VI: 810, 813-814 
in pregnancy, maternal imaging, V2. 
1561-1564 
Appendix: 

abscess, peritoneal inflammation, V2. 

951, 956 
adenocarcinoma, VI: 843 
carcinoma, peritoneal metastases, V2: 

918, 923-924, 926 
mucocele, VI: 832, 841-842 
Aqueductal stenosis, fetal assessment, V2. 

1585-1592 
Arachnoid cysts, fetal assessment, V2. 

1594-1595 
Arciform enhancement, spleen, VI: 678-681 
Arcuate uterus, V2. 1441, 1444, 1448 
Arterial-phase bolus-track liver examination 
(ABLE) technique, hepatic 
arterial dominant phase 
(HADP) contrast agent, V2. 
1774-1777 



Arterial thrombosis, pancreatic transplants, 

VI: 671, 673 
Arteriovenous fistulas, liver imaging, VI: 

388-392 
Arteriovenous malformations, abdominal 

wall, V2: 121 A 
Ascending colon: 

adenocarcinoma, VI: 843-844 
lipoma, VI: 832 
Ascites: 

intraperitoneal, V2. 936, 940-942 
benign, V2. 936, 942 
high-protein-content, V2: 936, 941 
MRI signal intensity and, VI: 1-2 
ovarian: 

malignant epithelial tumors, V2. 

1532-1533 
theca-lutein ovarian cysts, V2: 1504, 
1507-1508 
Ashkenazi Jews, Crohn disease in, VI: 

784 
Asplenia syndrome, MR imaging, VI: 681, 

685 
Atherosclerotic disease: 

abdominal aortic aneurysm, V2: 

1201-1207 
aortoiliac atherosclerotic disease/ 

thrombosis, V2: 1204, 1207, 
1214-1223 
magnetic resonance angiography, V2: 

1673, 1679-1684 
penetrating aortic ulcers, V2\ 1201, 1204, 

1213 
renal arterial disease, V2: 1128-1129, 
1131-1144 
Atresia, intestinal, VI: 110, 774 
Atypical ductal hyperplasia (ADH), benign 

breast lesions, V2: 1715 
Autoimmune diseases, chronic liver 
disease, VI: 303-304, 
306-315 
autoimmune hepatitis, VI: 311-314 
primary biliary cirrhosis, VI: 314—315 
primary sclerosing cholangitis, VI: 
303-304, 306-311 
Autoimmune pancreatitis, MR imaging, VI: 

656, 664, 666 
Autosomal dominant polycystic kidney 
disease (ADPKD): 
hepatic cysts, VI: 6l , 71-72 
renal cell carcinoma, V2: 1098, 1101 
renal cysts, V2. 1044, 1047, 1051-1056 
Autosomal recessive polycystic kidney 
disease (ARPKD): 
cystic lesions, V2. 1047, 1056-1058 
fetal assessment, V2: I6l4-l6l6 

Bl inhomogeneities, 3T MR imaging, VI: 

33 
Background enhancement, breast MRI, V2: 

1698-1700 
"Backwash ileitis," VI: 799, 806 
Bactericides spp., tubo-ovarian abscess, 

V2: 1514, 1516-1517 
Balloon dilation, achalasia, VI: 729-730, 

732, 734 



Barium studies: 

Crohn disease, VI: 791 

intestinal atresia and stenosis, VI: 770, 

774 
large intestine imaging, negative oral 
contrast agents, VI: 896-897 
Bartholin glands: 
carcinoma, V2: 1421 
cysts, V2: 1416-1418 
Basal cell carcinoma, vulvar malignancies, 

V2: 1421 
"Beading," primary sclerosing cholangitis, 

MRCP imaging, VI: 497-499 
Beckwith- Wiedemann syndrome, Wilms 

tumor and, V2: 1103-1106 
Behcet disease, urethrovaginal fistulas, V2: 

1408 
"Bell clapper" deformity, testicular torsion, 

V2: 1396-1397 
Bence Jones proteinuria, renal tubular 

blockage, V2. 1120, 1123-1124 
Benign prostatic hyperplasia (BPH), V2: 
1349-1354 
prostate adenocarcinoma, differential 

diagnosis, V2. 1352, 1356-1358 
Bezoar, gastric imaging, VI: 738, 742 
Bicornuate uterus, V2: 1441, 1444, 1446 
Bile, intraperitoneal, V2: 942, 945-946 
Bile duct: 

abnormal bile signal, VI: 460, 463 
biliary cystadenoma/cystadenocarcinoma , 

liver lesions, VI: 6l , 11 -IS 
cystic disease, VI: 489, 493-494, 505, 

508-511 
diseases: 

benign disease: 

AIDS-related cholangiopathy, VI: 

505 
ampullary adenoma, VI: 511, 516 
ampullary fibrosis, VI: 489, 495-496 
ampullary stenosis, VI: 489 
Caroli disease, VI: 505, 511-513 
cholecdocholithiasis, VI: 488-492 
choledochal cyst, VI: 505, 508-510 
choledochocele, VI: 505, 511 
cysts, VI: 489, 493-494, 505 
infectious cholangitis, VI: 499, 

502-507 
mass lesions, VI: 511, 514-520 
papillary adenoma, VI: 511, 515 
papillary dysfunction, VI: 489, 493, 

497 
postsurgical complications, VI: 511, 

514-515, 517-520 
primary sclerosing cholangitis, VI: 

494, 497-502 
sclerosing cholangitis, VI: 493-494 
imaging studies, VI: 483-488 

pitfalls, VI: 489, 493-494 
malignant disease: 

carcinoma, intrahepatic/peripheral 
metastases, VI: 238-240, 242, 
247-249 
cholangiocarcinoma, VI: 515-518, 

521-526 
metastases to, VI: 530 
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Bile duct: {Continued) 

periampullary/ampullary carcinoma, 
VI: 518, 520, 527-530 
gadolinium-based contrast agent 

imaging, V2. 1768, 1770-1773 
giant cell tumor, VI: 511, 514 
magnetic resonance 

cholangiopancreatography, VI: 
457, 463-464 
normal anatomy, VI: 456-460 
obstruction: 

hepatic transplantation, VI: 292, 299 
hepatocellular carcinoma, VI: 202, 224 
pancreatic cancer, obstruction of, VI: 

552, 562-564 
Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 
460-461 
Bilharziosis, bladder calculi, V2: 1305 
Biliary anastomoses, coronal imaging, VI: 

464, 466-467 
Biliary hamartoma, liver lesions, VI: 67, 
73-77 
colon cancer metastasis, VI: 67, 76-77 
multiple, VI: 67, 74-75 
solitary, VI: 67, 73 
Biliary papillomatosis, MR images, VI: 

514-515 
Biliary system (tree): 

air in, liver imaging, VI: 411, 413-414 
gadolinium-based contrast agents, V2: 

1771 
magnetic resonance 

cholangiopancreatography, VI: 
456-457 
pancreatic adenocarcinoma, VI: 562-563, 

566 
pediatric imaging, V2: 1649 
postsurgical complication, VI: 511, 

514-515, 517-520 
stricture, hepatic transplantation, VI: 
292, 299 
Billroth cords, splenic anatomy, VI: 

677-678 
Bilomas: 

bile duct imaging, VI: 511, 517-518 
hepatic transplantation, VI: 292, 296-298 
infected, pyogenic hepatic abscess, VI: 

418, 426-427 
intraperitoneal, V2: 942, 944-945 
Black-blood techniques: 
aortic imaging, V2: 1200 

abdominal aortic aneurysm, V2: 
1201-1207 
inferior vena cava, V2: 1216, 1223, 1229 
congenital anomalies, V2: 1223, 
1228-1230 
portal venous thrombosis, VI: 388 
vessel imaging, V2: 1194-1200 
Bladder. See also Exstrophic bladder 
benign masses: 

calcifications, V2. 1304-1306 
hemangiomas, V2: 1304 
inflammatory myofibroblastic tumor, 

V2: 1304 
leiomyoma, V2. 1300, 1302-1303 



neurogenic tumors, V2: 1304-1305 
papilloma, V2. 1300-1301 
pheochromocytoma, V2: 1303 
benign prostatic hyperplasia and, V2: 

1349, 1351-1352 
congenital disease, V2: 1298-1301 
cystitis, V2: 1326-1328 
cystitis cystica, V2. 1326, 1329-1330 
cystitis glandularis, V2: 1326 
edema, V2. 1324 
endometriosis, V2: 1326 
fistulas, V2: 1326, 1331-1335 

cervical cancer metastases, V2: i486, 
1489 
granulomatous disease, V2: 1326 
hemorrhagic cystitis, V2: 1326, 1329 
hypertrophy, V2: 1324-1325 
malignant masses {See Bladder cancer) 
metastases to: 

cervical cancer, V2. i486, 1488-1489, 

1492-1495 
vaginal carcinoma, V2: 1416, 1423 
MR imaging techniques, V2. 1297-1298 

artifacts, V2. 1298-1299 
normal anatomy, V2: 1297-1298 
pediatric imaging, V2: 1650 
pelvic lipomatosis, V2. 1326, 1329-1330 
postoperative evaluation, V2: 1331, 1335 
radiation changes, V2: 1331, 1337 
reconstruction, V2. 1331, 1335-1336 
Bladder cancer: 

adenocarcinoma, V2. 1316, 1319-1320 
differential diagnosis, V2. 1298-1299 
incidence and epidemiology, V2: 

1305-1306 
lymphoma and chloroma, V2: 1316, 

1321 
metastases, V2. 1320-1324 
nonepithelial neoplasms, V2: 1316 
primary urothelial neoplasm: 
carcinosarcoma, V2: 1316 
squamous cell carcinoma, V2: 

1316-1318 
transitional cell carcinoma, V2: 
1306-1316 
prostate cancer metastases, V2-. 

1358-1373 
urachal carcinoma, V2-. 1316 
Blake pouch cyst, fetal assessment, V2-. 

1591 
Bland thrombus, portal venous thrombosis, 

VI: 391, 396-397 
Blood imaging, intraperitoneal, V2: 936, 
943-944. See also Black-blood 
techniques; Bright-blood 
techniques 
Blood pool agents, gadolinium-based, V2: 

1768, 1772-1774 
Blood thrombus, portal venous thrombosis, 

VI: 391, 396 
Bochdalek hernia, V2: 904-905 
Bolus-chase technique, vessel imaging, V2: 

1195-1200 
Bone metastases: 

adrenal gland neuroblastoma, V2: 
1013-1017 



bladder cancer, transitional cell 

carcinoma, V2. 1307-1316 
body wall tumors, V2. 1274, 1288-1290 
gadolinium-enhanced Tl -weighted 

images, VI: 13 
prostate cancer, V2. 1358, 1367-1373 
rectal adenocarcinoma, VI: 852, 861-863 
Bourneville disease, renal cysts, V2: 1066, 

1069-1071 
Bowel imaging, fetal assessment, normal 
development, V2. 1583-1585 
Bowel obstruction, in pregnancy, maternal 

imaging, V2: 1564 
Bowel peristalsis: 

abdominal-pelvic MRI artifacts, fast 

scanning, VI: 1-2 
adnexal imaging artifacts, V2: 1499 
Brain imaging: 
fetal assessment: 

neoplasms, V2: 1598 
normal anatomy, V2: 1578-1583 
whole body imaging, VI: 36, 40-42 
BRCA1/BRCA2 gene, breast cancer, V2. 

1722-1723 
Breast: 

benign lesions: 
abscess, V2: 1712 
cysts, V2: 1700-1703 
fibroadenoma, V2. 1702-1706 
hamartoma (fibroadenolipoma), V2: 

1709, 1711 
multiple papillomatosis, V2: 1709-1711 
papilloma, V2. 1707-1709 
phyllodes tumor, V2. 1706-1707 
benign mesenchyma tumors, V2: 

1739-1741 
biopsy, MRI guidance and intervention, 

V2. 1760-1762 
biopsy, MRI-guided interventions, V2: 

1760-1762 
fat necrosis in, V2. 1746, 1749-1752 
implants, V2. 1754-1759 
cancer and, V2: 1759 
categories, V2. 1754-1755 
failure, V2. 1687-1689, 1755-1757 
fat necrosis, V2. 1746, 1749-1752 
imaging techniques, V2: 1757-1759 
postoperative MRI, V2: 1744-1749 
lymph nodes, V2. 1712-1714 
metastases to, V2. 1743-1744 
MR imaging techniques: 
artifacts, V2. 1695 
coil systems, V2: 1693 
congenital anomalies, V2: 1700-1701 
contrast agents, V2: 1694 
fat suppression, V2: 1695 
gradient system, V2: 1693 
imaging plane, V2: 1693-1694 
imaging protocol, V2: 1694-1695 
indications for imaging, V2: 1691 
interpretation guidelines, V2: 

1696-1700 
magnetic field strength, V2. 1692-1693 
morphological/kinetic diagnostic 

features, V2. 1697 
normal anatomy, V2: 1687-1691 
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patient preparation and positioning, 

V2. 1694 
region of interest, V2: 1691 
reporting system and assessment 
categories, V2. 1697-1698 
silicone implant rupture, V2: 

1687-1689 
specificity improvement, V2: 
1695-1696 
nonmass lesions 

ductal carcinoma in situ, V2: 1715, 

1718-1721 
fibrocystic changes and sclerosing 

adenosis, V2. 1712, 1714-1716 
lobular carcinoma in situ, V2: 

1721-1722 
radial scar, V2. 1714-1715, 1717 
posttherapeutic MRI, V2: 1744-1749 
Breast cancer: 

angiosarcoma, V2: 1740-1742 
bile duct/ampulla metastases, VI: 520 
breast implants and, V2. 1759 
classification and staging, V2. 1723-1725 
colloid carcinoma, V2. 1732, 1734 
dermatofibrosarcoma protuberans, V2. 

1739, 1741 
gallbladder metastases, VI: 483, 487 
implants, detection in, V2: 1759 
incidence and prevalence, V2: 

1722-1723 
inflammatory carcinoma, V2: 1737, 1739 
intraductal papilloma, V2. 1736, 1738 
invasive diagnostic features, MR imaging, 

V2. 1723 
invasive ductal carcinoma, V2: 

1725-1731, 1736 
invasive lobular carcinoma, V2: 1727, 

1731-1733 
liver metastases: 

benign lesions, differential diagnosis, 

VI: 111, 190 
hemangiomas and, VI: 90 
infiltrative pattern, VI: 162, 172 
miliary pattern, VI: 173-175 
post-radiation recurrence, VI: 257, 

262-263 
pre- and post-chemotherapy, VI: 257, 

266-268 
primary site studies, VI: 162, 171-175 
ring enhancement imaging, VI: 162, 
171 
lymphoma, V2. 1741-1743 
medullary carcinoma, V2: 1732-1733 
mesenchymal tumors, V2: 1739-1741 
metastases, V2. 1743-1744 

invasive lobular carcinoma, V2: 1727, 
1731-1733 
MR imaging techniques, V2: 1688-1691 
neoadjuvant chemotherapy monitoring, 

V2: 1749, 1753-1754 
Paget disease, V2. 1151-1158 
pancreatic metastases, VI: 6 19, 625, 630 
papillary carcinoma, V2: 1733, 1737 
postoperative residual carcinoma, V2: 

1744-1749 
radiation-induced carcinoma, V2: 1743 



small intestine metastases, VI: 782, 792 
splenic metastases, VI: 701, 703-706 
stomach metastases, VI: 760 
subcutaneous body wall metastases, V2: 

1274, 1284 
tubular carcinoma, V2: 1733-1736 
Breast-conserving therapy (BCT): 
fat necrosis, V2. 1746, 1749-1752 
posttreatment MRI, V2. 1744-1749 
Breast feeding, gadolinium-based contrast 

agents and, V2: 1786 
Breast Image Reporting and Data System 

(BI-RADS®): 
breast cancer imaging, V2: 1723 
breast cysts, V2. 1701-1703 
breast MRI interpretation guidelines, V2: 

1696-1700 
fibroadenomas, V2: 1706 
lesion management protocols, V2: 

1698-1700 
reporting system and assessment 

categories, V2. 1697-1700 
Breath-hold imaging: 

1.5T vs. 3T imaging motion sensitivity, 

VI: 55 
adrenal glands, V2. 964-968 
aortic dissection, V2: 1201, 1208-1212 
gradient echo sequences, motion artifact 

reduction, VI: 2-3 
inferior vena cava, V2: 1216, 1223, 

1229 
kidneys, multicystic dysplastic kidney, 

V2: 1048-1049, 1058 
noncooperative patients, VI: 25 
pancreas, VI: 536 

acute pancreatitis, VI: 625, 628, 

634-647 
islet-cell tumors, VI: 591-598 
mucinous cystadenoma/ 

cystadenocarcinoma, VI: 

612-616 
serous cystadenoma, VI: 606-607, 

609-612 
pediatric MRI, V2: 1637, 1639, 1642-1643 

older children, V2. 1645-1646 
peritoneal inflammation, abscess, V2: 

951, 954-959 
peritoneal metastases, intraperitoneal 

seeding, V2. 918-924 
peritoneum, ascites, V2: 936, 940-942 
renal cell carcinoma, V2: 1073-1095 
retroperitoneal imaging, V2: 1194 
small intestine, VI: 161-110 
spleen, VI: 678-681 
spoiled gradient echo sequences, VI: 5 
Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 

460-461 
uterus and cervix, V2: 1434 
Breathing-averaged protocol, pediatric 

MRI, V2: 1637-1638, 1640 
Brenner tumors, benign ovarian 

neoplasms, V2: 1518, 

1520-1523 
"Bridging vascular sign," ovarian 

leiomyomas, V2: 1525-1526 



Bright-blood techniques: 
aortic imaging, V2: 1200 

abdominal aortic aneurysm, V2: 
1201-1207 
inferior vena cava, V2: 1216, 1223, 1229 
congenital anomalies, V2: 1223, 

1229-1230 
malignancies vs. thrombus, differential 
diagnosis, V2: 1240-1241 
portal venous thrombosis, VI: 388 
pulmonary emboli, V2: 1673, 1675-1 677 
vessel imaging, V2: 1194-1200 
Broad ligament: 

leiomyoma of, V2. 1449, 1453-1454 
paraovarian cysts, V2: 1504, 1508 
Bronchial stenosis, fetal assessment, V2: 

1611-1612 
Bronchogenic cysts, fetal assessment, V2: 

1612 
Bronchopulmonary sequestration, fetal 
assessment, V2: 1606, 
1611-1612 
Buck fascia fibrosis, V2. 1380-1381 
Budd-Chiari syndrome: 
acute-onset, VI: 398, 401 
chronic, VI: 401, 406-407 
cirrhosis, regenerative nodules, VI: 340 
hepatic venous thrombosis, VI: 398, 

401-405 
primary sclerosing cholangitis, 

differential diagnosis, VI: 311 
subacute, VI: 398, 402-405 
Burkitt lymphoma: 

gallbladder metastases, VI: 483, 487 
pancreas, VI: 619, 624-625 
pediatric patient imaging, V2: 

1648-1649 
retroperitoneal malignant masses, V2: 
1253, 1257 
Buttram- Gibbons classification system: 
Miillerian duct anomalies, V2: 

1440-1448 
miillerian duct defects, V2: 1503 

Cadaveric liver assessment, hepatic 

transplantation protocol, VI: 
287, 292 
Calcifications: 

bladder calculi, V2. 1304-1306 
breast, V2. 1688, 1690 
breast implants, V2: 1759 
prostate gland, V2. 1371, 1373 
renal cysts, V2. 1042, 1048 
seminal vesicles, V2: 1382, 1385 
Calculi: 

bladder, V2. 1304-1306 
renal, V2. 1159, 1166-1169 
Calyceal diverticulum, V2: 1164, 1172 
Campylobacter jejuni, infectious enteritis, 
differential diagnosis, VI: 810, 
813-814 
Candida albicans-. 
esophageal infection, VI: 731-734 
hepatic parenchyma fungal infection, VI: 

433, 435-438 
spleen infection, VI: 710-711 
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Candidiasis: 

hepatic parenchyma, VI: 433, 435-438 
renal, V2. 1155 
Capillary phase enhancement: 
adrenal glands, V2. 964-968 

adrenal adenoma, V2. 971-973, 975, 
978-979 
gadolinium-enhanced images, VI: 2 

Tl-weighted sequences, VI: 10-13 
hepatic arterial dominant phase imaging, 
gadolinium-based contrast 
agent, V2: 1775-1777 
kidneys: 

adenoma, V2: 1068 
oncocytomas, V2: 1068, 1072 
pancreatic imaging, VI: 536 

acute pancreatitis, VI: 628, 636-647 
chronic pancreatitis, VI: 648-665 
pancreatic adenocarcinoma, VI: 553, 
557-559, 564-565 
spoiled gradient echo sequences, VI: 
3-4 
"Carcinoid syndrome," small intestine 

carcinoids, VI: 779, 790-791 
Carcinoid tumors: 
ileal, VI: 119, 789 
kidney, V2. 1109-1110 
liver metastases, VI: 164, 183-185 
transcatheter arterial 

chemoembolization, VI: 270, 
273 
pancreas, VI: 602, 607-608 
peritoneal metastases, V2: 936, 939-940 
rectum, VI: 867-868 
small intestine, VI: 779, 790-791 
stomach, VI: 756, 759 
terminal ileum, VI: 779, 790-791 
Carcinosarcoma : 
bladder, V2. 1316 
endometriosis, V2 1504, 1513 
ovarian, V2. 1545, 1548 
uterine, V2. 1475, 1479-1481 
Cardiac gating: 

esophageal imaging, VI: 126-121 
vessel imaging, V2: 1194-1200 
Cardiac motion artifacts, breast MRI, V2: 

1695 
Caroli disease, bile duct cysts, VI: 505, 

511-513 
Caruncle, female urethra, V2: 1407 
Castleman disease, retroperitoneal benign 
lymphadenopathy, V2: 
1249-1250 
Catheterization: 

bladder imaging, V2: 1298-1299 
intraperitoneal, V2: 945 
Cauliflower-type imaging, liver 

metastases, VI: 161-162, 
168-170 
Cavernous hemangioma, V2: 141 6, 1420 
Cavum septum pellucidum, absence, fetal 

assessment, V2: 1594 
Cecum: 

adenocarcinoma, VI: 843 
lipoma, VI: 832, 839 
lymphoma, VI: 860, 867 



Celiac disease/sprue, small intestine, VI: 

799, 807-809 
Central nervous system, fetal imaging: 
anomalies, V2: 1584-1585 
normal anatomy, V2. 1578-1583 
ventriculomegaly, V2. 1585-1592 
Cerebellar vermis, fetal assessment, MRI, 

V2. 1578-1583 
Cerebral ischemia, fetal assessment, V2: 

1596-1601 
Cervical cancer: 

adenocarcinoma, undifferentiated 
carcinoma/sarcoma, V2: 
1488-1491 
adenoma malignum, V2: 1489-1491 
bladder metastases, V2. 1320-1324 
carcinoma, V2. 1482-1489 

recurrence and posttreatment change, 
V2. 1492-1495 
endometrial carcinoma, V2: 1472-1481 
FIGO staging, V2. 1482-1488 
in pregnancy, maternal imaging, V2: 

1569, 1572 
recurrent carcinoma and posttreatment 

change, V2. 1492-1494 
retroperitoneal fibrosis, V2. 1249, 

1252-1253 
urethral metastases, V2: 1405 
Cervical incompetence, V2: 1629-1631 
Cervix: 

benign disease, nabothian cysts, V2: 

1467-1468, 1471 
congenital anomalies, V2: 1441, 1444, 

1447-1449 
diethylstilbestrol exposure, V2: 1448 
endometriosis, in pregnancy, V2: 1569, 

1573-1574 
fibroids, in pregnancy, maternal imaging 

V2 1569, 1573 
metastases to, V2: 1492 
MR imaging techniques, V2: 1433-1434 
normal anatomy, V2. 1434—1437, 

1436-1437 
pediatric imaging, V2: 1650 
in pregnancy: 

cervical incompetence, V2. 

1629-1631 
endometriosis, V2. 1569, 1573-1574 
stenosis, endometriosis and, V2: 1506, 
1510 
Cesarean scar pregnancy, V2: 1577-1580 
Cesarean section: 

placental imaging and, V2: 1623, 

1625-1627 
postpartum uterus imaging, V2: 
1575-1580 
Chagas disease, achalasia, VI: 732, 734 
Charcot's triad, infectious cholangitis, VI: 

499 
Chemical shift imaging: 
3T MR imaging, VI: 31-32 
bladder artifacts, V2 1298-1299 
breast MRI, V2. 1695 
gradient echo sequences, VI: 3 
Chemoembolization : 

acute cholecystitis, VI: 468, 476 



transcatheter arterial chemoembolization, 

liver metastases, VI: 268, 

270-278 
Chemotherapy: 

breast cancer, neoadjuvant, 

posttreatment MRI, V2: 

1144-1153 
liver metastases, VI: 257, 264-270 
gadolinium-enhanced Tl-weighted 

images, hepatic arterial 

dominant (capillary) phase, VI: 

11-13 
hemangiomas, differential diagnosis, 

VI: 101, 177, 190 
pancreatic cancer, VI: 589-590 
pancreatitis from, VI: 666-661 
peritonitis and, V2. 949, 953 
small intestine, toxicity enteritis, VI: 810, 

817 
spleen lymphomas, VI: 700, 702-703 
tubulointerstitial kidney disease, V2\ 

1120-1121 
Chest-abdominal-pelvic imaging: 
protocol for, VI: 20, 23 
whole body imaging, VI: 36, 39-40 
Chest imaging. See also Lung cancer; 

Pulmonary disease 
future research issues, V2: 1684-1 685 
hilar and mediastinal lymphadenopathy, 

V2 1666-1661 
mass lesions, V2. 1666, 1673-1674 
mestastases to, V2. 1654, 1659-1660, 

1662-1665, 1673-1674 
MR imaging techniques, V2: 1653— 1654 
normal chest, V2. 1655-1 657 
pleural disease, V2. 1666, 1671-1672 
protocol for, VI: 20, 22 
pulmonary infiltrates, V2: 1666, 

1668-1671 
pulmonary MRA: 

pulmonary emboli, V2: 1673, 

1675-1677 
vascular abnormalities, V2: 1673, 

1678-1684 
screening applications, V2: 1684 
Chiari II malformation, fetal assessment, 

ventriculomegaly, V2: 

1585-1592 
Child-Turcotte-Pugh scale, primary 

sclerosing cholangitis, VI: 304, 

311 
Chlamydia trachomatis, tubo-ovarian 

abscess, V2 1514, 1516-1517 
Chloroma: 

bladder, V2 1316, 1321 
kidney, V2 1109, 1111 
Cholangiocarcinoma : 

bile duct imaging, VI: 515-518, 521-526 
diffuse hepatocellular carcinoma, 

differential diagnosis, VI: 235 
extrahepatic, VI: 516-518, 525-527 
liver metastases, VI: 238-240, 242, 

247-249 
oriental cholangitis, differential 

diagnosis, VI: 502, 507 
peritoneal metastases, V2: 918, 923-925 
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portal venous compression, VI: 391 
primary sclerosing cholangitis, VI: 499 
Cholangiopathy, AIDS-related, VI: 505 
Cholangitis, infectious: 

hepatic abscess, VI: 418, 424-425 
MRCP imaging, VI: 499, 502-507 
Cholecystectomy, bile duct complications, 

VI: 511, 514-515 
Cholecystitis: 

acute cholecystitis, VI: 468-475 

chemoembolization-induced, VI: 468, 
476 
acute on chronic cholecystitis, VI: 468, 

475 
chronic, VI: 475, 477-478 
hemorrhagic, VI: 47 '5-477 
xanthogranulomatous, VI: All 
Cholecystolithiasis, sonographic imaging, 

VI: 464 
Choledochal cysts, MR imaging, VI: 505, 

508-510 
Choledochocele: 

ampullary carcinoma and, VI: 520, 530 
MR imaging, VI: 505, 511 
small intestine, VI: 115-116 
Choledocholithiasis : 
magnetic resonance 

cholangiopancreatography, VI: 
488-492 
in pregnancy, maternal imaging, V2: 
1564 
Cholestasis, primary sclerosing cholangitis, 
MRCP imaging, VI: 494, 
497-502 
Choline levels: 

breast NMR spectroscopy, V2: 1696 
prostate cancer, adenocarcinoma, V2. 
1352, 1356-1373 
Chordoma, abdominal wall metastases, V2. 

1274, 1289-1290 
Choroid plexus papillomas, fetal 

assessment, V2: 1598-1599 
Chronic cholecystitis, magnetic resonance 
cholangiopancreatography, VI: 
475, 477-479 
Chronic liver disease: 

autoimmune diseases, VI: 303-304, 
306-315 
autoimmune hepatitis, VI: 311-314 
primary biliary cirrhosis, VI: 314-315 
primary sclerosing cholangitis, VI: 
303-304, 306-311 
genetic diseases, VI: 315-317 

al -antitrypsin deficiency, VI: 315, 317 
Wilson disease, VI: 315-318 
hemangiomas, VI: 101, 103-106 
hepatitis: 

acute on chronic, VI: 321, 327 
chronic, VI: 321 
hepatocellular carcinoma, incidence and 

prevalence, VI: 190, 192 
nonalcoholic fatty liver disease, VI: 317, 

319-320 
radiation-induced hepatitis, VI: 321, 

331 
viral hepatitis, VI: 319, 321-330 



Chronic lymphocytic leukemia (CLL), 

splenomegaly, VI: 700-701 
Chronic membranous glomerulonephritis, 

V2: 1111, 1119 
Chronic pancreatitis, VI: 640, 648-665 
acute on chronic pancreatitis, VI: 656, 

657-663 
pancreatic adenocarcinoma: 
differential diagnosis, VI: 575 
risk for, VI: 552, 562-564 
pancreatic adenocarcinoma imaging, 

differential diagnosis, VI: 575 
Chronic prostatis, V2. 1373 
Chronic pyelonephritis, V2: 1126, 1128, 

1130 
Chronic renal failure: 

glomerular disease, V2. 1117-1120 
renal cell carcinoma, V2. 1098-1101 
Ciliated foregut hepatic cysts, VI: 60, 

66-70 
Circulating fibrocyte hypothesis, 

nephrogenic systemic fibrosis, 
V2: 1783 
Cirrhosis: 

autosomal dominant polycystic kidney 
disease, hepatic cysts, VI: 67, 
72 
biliary: 

primary sclerosing cholangitis, VI: 
304, 306-309, 311, 314-315, 
497-502 
regenerative nodules, VI: 333-334, 
339-345 
diffuse hyperperfusion and focal 

hyperperfusion abnormalities 
in, VI: 411, 414-415 
dysplastic nodules, VI: 340, 342, 

346-354 
fatty infiltration, VI: 333-334 
hemangiomas and, VI: 101, 103-106 
hepatocellular carcinoma incidence and 

prevalence, VI: 188-189, 192 
iron-containing nodules, VI: 334, 340, 

344-346 
iron overload, VI: 370 
liver metastases, differential diagnosis, 

VI: 257, 270 
macronodular regenerative nodules, VI: 

331-333, 339-340 
MR imaging studies, VI: 331-362 
nonalcoholic fatty liver disease, VI: 317, 

319-320 
omental metastases, differential 
diagnosis, V2: 923-924 
pathophysiology, VI: 321, 331 
in pediatric patients, VI: 317-318 
pediatric patients, imaging protocols, V2. 

1637, 1642 
portal hypertension, VI: 348, 351, 

359-362 
primary biliary cirrhosis, VI: 314-315 
small intestine, hypoproteinemia, VI: 

816, 824 
subcutaneous varices, V2. 121 A, 
1290-1291 
Cisterna chyli dilation, V2. 1237 



Citrate levels, prostate cancer, V2: 1352 
Clear cell carcinoma: 

endometriosis, V2: 1504, 1513 
malignant ovarian neoplasms, V2. 1533, 

1538-1540 
vaginal malignancies, V2: 1416, 
1420-1421 
Cleft palate, fetal assessment, V2: 
1595-1596 
head and neck imaging, V2. 1601— 1607 
Cloaca, persistent: 

fetal assessment, V2. 1614 
surgical repair, VI: 827, 833 
vaginal agenesis/partial agenesis, V2: 
1410-1411 
Cloacogenic carcinoma, liver metastases, 

VI: 128, 137 
Clostridium difficile, pseudomembranous 

colitis, VI: 883-884, 892 
Clubfoot, fetal assessment, V2. 1622 
Cocoon formation, intraperitoneal, V2. 945, 

947 
Coil systems, breast MRI, V2: 1693 
Collagen injections, pelvic floor relaxation, 

V2: 1408-1410 
Colloid carcinoma, breast cancer, V2. 1732, 

1734 
Colon cancer. See also Ascending colon; 
Proximal descending colon; 
Rectosigmoid colon; Sigmoid 
colon; Transverse colon 
adenocarcinoma, VI: 843-865 
cecum, VI: 843 

multifocal adenocarcinoma, VI: 848, 
853 
diverticulitis, differential diagnosis, VI: 

869, 878-879 
duodenal metastases, VI: 779, 782, 791 
imaging protocol for, VI: 16, 19-20 
liver metastases: 

biliary hamartoma, VI: 67, 76-77 
low-fluid-content metastases, VI: 149, 

154-155 
MR imaging: 

contrast agents, VI: 52-58 
primary site studies, VI: l6l, 
165-171 
post-chemotherapy, VI: 257, 269 
post-resection recurrence, VI: 256, 
261-262 
lymphoma, VI: 860, 867 
melamona, VI: 867, 869 
pancreatic metastases, VI: 619, 625, 628 
peritoneal metastases, V2. 918, 923-924, 

926 
polyps, MR colonography screening, VI: 

848, 851 
squamous cell carcinoma, VI: 860, 866 
stomach metastases, VI: 760 
ulcerative colitis and, VI: 867 
Colonic duplication, VI: 827, 832 
Colonic fistulae, VI: 883, 887-888 
Colonic lipoma, VI: 832, 840 
Colorectal adenocarcinoma, adenomatous 

polyps, VI: 829 
Colostomy, peristomal hernia, V2: 904, 909 
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Combined extracellular-intracellular 

gadolinium-based contrast 
agents, V2. 1768 
Common bile duct (CBD). See Bile duct 
Common hepatic duct (CHD), normal 

anatomy, VI: 456 
Computed tomography (CT): 
acute pancreatitis, VI: 628, 631 
adrenal gland imaging: 
metastases, V2: 998-1002 
MR imaging vs., V2: 971 
bladder cancer, transitional cell 

carcinoma, V2: 1308-1316 
chronic pancreatitis imaging, VI: 

648-665 
Crohn disease, VI: 791 
iodine-based contrast agents, V2: 1767 
kidneys: 

chronic renal failure, V2: 1098 
MRI vs.: 

Bosniak classification alteration, V2: 

1037 
calcified renal cysts, V2: 1042 
liver imaging: 

focal nodular hyperplasia, MR imaging 

vs., VI: 121, 129 
hepatic transplantation protocol, VI: 

292 
hepatocellular carcinoma, VI: 192 

MRI vs., VI: 192, 203-205 
metastases: 

computed tomography arterial 

portography vs. MRI, VI: 143, 
145-147 
spiral CT vs. MRI, VI: 128, 141-144 
mycobacterium avium intracellulare, 
VI: 433-435 
pancreatic cancer: 

adenocarcinoma, VI: 552, 558-559 

gastrinomas, VI: 591 

macrocystic serous cystadenoma, VI: 

607, 611-612 
peritoneal metastases, VI: 575, 
581-583 
renal cell carcinoma, MR imaging vs., 

V2: 1098-1099, 1102 
whole body imaging, VI: 41-42 
Computed tomography arterial 

portography (CTAP), liver 
imaging: 
hemangiomas, VI: 88, 100 
metastases imaging, MRI vs., VI: 143, 
145-147 
coexistent cysts, VI: 190 
portal venous thrombosis, VI: 397, 
399-400 
Computed tomography pulmonary 

angiography (CTPA), V2. 1673 
Computer-aided diagnosis, breast cancer, 

V2. 1691 
Concurrent disease, imaging protocol for, 

VI: 16, 19-20 
Congenital adrenal hyperplasia, female 
pseudohermaphroditism, V2. 
1415-1416 
Congenital heterotopias, stomach, VI: 736 



Congestive heart failure, liver imaging, VI: 

407, 411-413 
Conjoined twins, imaging studies, V2: 

1623-1624 
Connective tissue disease, cortical necrosis, 

renal artery, V2. 1137, 1142 
Conn syndrome, adrenal gland adenomas 
and hyperplasia, V2. 977, 
986-987 
Contrast agents: 

amniotic fluid as, V2. 1583-1585 
bladder imaging, V2: 1298-1299 
breast MRI, V2. 1694 
categorization, V2: 1161-1119 
contrast-induced nephropathy risk vs. 
nephrogenic system fibrosis 
risk assessment, V2: 1784-1786 
gadolinium-based, V2: 1767-1777 
classification, V2: 1768-1774 
complications, V2. 1119-1186 
early hepatic venous phase, V2: 111 6 
enhancement phases, V2. Ill A 
hepatic arterial dominant phase, V2: 

1774-1777 
hepatocyte phase, V2. 1777 
interstitial phase, V2: 111 6 
gastrointestinal tract imaging, VI: 725 
intraluminal, large intestine imaging, VI: 

892, 895-897 
iron-based, V2. 1777-1779 
liver imaging, VI: 50-58 
manganese-based, V2. 1778-1779 
pediatric imaging, V2: 1647 
Contrast-induced nephropathy (CIN): 
nephrogenic systemic fibrosis risk vs., 

V2. 1784-1786 
risk factors, V2. 1767 
Core needle biopsy: 

breast lesion underestimation, V2. 1722 
intraductal papilloma, V2. 1707, 1709 
multiple papillomatosis, V2: 1707-1710 
radial scar, V2. 1114 
Coronal plane imaging: 

biliary anastomosis, VI: 464, 466-467 

breast MRI, V2. 1693-1694 

female urethra, normal anatomy, V2: 

1401-1403 
hepatic transplantation, VI: 287, 289 
liver: 

hepatic cysts, VI: 60, 63-64 
hypovascular cystic metastases, VI: 

152 
metastases, VI: 128, 137-138, 143, 148 
Reidel lobe, VI: 58-59 
viral hepatitis, VI: 321, 323-324 
magnetic resonance 

cholangiopancreatography, VI: 
456, 459 
biliary anastomoses, VI: 464, 466-467 
normal biliary tree, VI: 464-465 
renal cell carcinoma, stage 3a, V2. 

1076-1077, 1079-1081 
vagina, V2. 1409-1410 
Corpus callosum, fetal assessment, MRI, 
V2. 1578-1583 
agenesis, V2. 1585-1592 



Corpus cavernosa: 

diffuse disease, V2. 1377-1380 
inflammatory disease, V2. 1380-1381 
normal anatomy, V2: 1375-1376 
Corpus luteal cysts, V2. 1500, 1503, 1504 
in pregnancy, maternal imaging, V2. 
1569 
Corpus spongiosum: 

diffuse disease, V2. 1377-1380 
normal anatomy, V2: 1375-1376 
Corrosive esophagitis, VI: 731 
Cortical development malformation, fetal 

assessment, V2. 1595-1596 
Cortical necrosis, renal artery disease, V2: 

1137, 1142 
Corticomedullary differentiation (CMD): 
acute tubular necrosis, V2: 1120, 1122 
crossed fused ectopia, V2. 1032, 1034 
renal artery disease, V2. 1133 
renal function, V2. 1112, 1116-1117 
renal parenchymal disease, V2. 
1112-1124 
obstruction, V2. 1121, 1125-1126, 
1128-1129 
renal transplants, V2. 1178-1184 
Cost issues, whole body MR imaging, VI: 

41-42 
Cranio-caudal view, breast MRI, V2: 

1693-1694 
"Creeping" fat, Crohn disease, VI: 785 
Crohn collitis, VI: 869, 872-874 
Crohn disease: 

acute on chronic, VI: 796, 803-804 
Crohn colitis, large intestine, VI: 869, 

872-874 
dilated stagnant bowel loop, VI: 796, 

805 
entero-vesical fistulae, VI: 810, 813 
infectious enteritis, differential diagnosis, 

VI: 810, 813-814 
mild to moderate, VI: 795-796 
moderate, VI: 797 
pelvic fistulae, VI: 810-812 
in pregnancy, VI: 796, 802 
primary sclerosing cholangitis, MRCP 

imaging, VI: 494, 497-502 
severe, VI: 793-794, 798-799 
severity criteria, VI: 796, 802 
small intestine, VI: 784-785, 791, 

793-805 
ulcerative colitis, differential diagnosis, 

VI: 785, 867-869, 870-874 
urethrovaginal fistulas, V2: 1408 
Crohn Disease Activity Index (CDAI), VI: 

196 
Cronkhite-Canada syndrome, colonic 

hamartomas, VI: 832 
Crossed fused kidney ectopia, V2 1032, 

1034-1035 
Cryotherapy: 

liver metastases, VI: 278, 286-287 
prostate cancer, V2. 1368-1373 
Cryptococcal abscess, spleen, VI: 

710-711 
Cryptococcus, spleen infection, VI: 
710-711 
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Cryptorchidism, V2. 1386-1388 

fetal assessment, V2: 1613-1614 
Cryptosporidium parvum, infectious 

enteritis, VI: 810, 813-814 
Cushing syndrome, adrenal glands: 
adenomas, V2. 971, 982-983 
cortical hyperplasia, V2: 969-971 
Cystadenofibroma, ovarian tumors: 
benign neoplasm, V2: 1520-1523 
borderline malignancy, V2: 1531-1532 
Cystectomy, bladder reconstruction, V2: 

1331, 1336 
Cystic adenomatoid malformation (CCAM), 
fetal assessment, V2. 
1604-1606, 1610-1612 
Cystic ectasia, benign prostatic hyperplasia, 

V2. 1349-1354 
Cystic fibrosis, pancreatic imaging, VI: 

544-548 
Cystic hygromas, fetal assessment, V2: 

1598, 1603 
Cystic nephroma, V2: 1060, 1063-1064 
Cystic teratoma, benign ovarian neoplasms, 

V2: 1520-1521, 1523-1528 
Cystitis, bladder, V2. 1326-1328 
hemorrhagic, V2: 1326, 1329 
Cystitis cystica, bladder, V2: 1326, 

1329-1330 
Cystitis glandularis: 

adenocarcinoma, V2. 1316, 1319-1320 
bladder, V2. 1326 
Cystoceles, female urethra, V2. 1408-1410 
Cysts. See also Pseudocysts 

abdominal/pelvic, fetal assessment, V2: 

1617, 1619 
adrenal glands, V2. 980-981, 984, 
991-993 
pheochromocytoma, V2: 1005-1111 
arachnoid, fetal assessment, V2: 

1594-1595 
bile duct, VI: 489, 493-494, 505, 
508-513 
choledochal cyst, VI: 505, 508-510 
Blake pouch cyst, fetal assessment, V2-. 

1591 
body wall, V2. 1274, 1280-1283 
breast, V2. 1700-1703 
cervix, nabothian cysts, V2: 1467-1468, 

1471 
choledochal cysts, MR imaging, VI: 505, 

508-510 
dacryocystocele, fetal assessment, V2: 

1604, 1607 
esophagus, duplication cysts, VI: 726, 

728 
fetal assessment: 

arachnoid cysts, V2: 1594-1595 
dacryocystocele, V2: 1604, 1607 
thoracic, V2: 1612 
ventriculomegaly, V2. 1590-1592 
gastric duplication cysts, VI: 736 
hepatic: 

autosomal dominant polycystic kidney 

disease, VI: 67, 71-72 
ciliated foregut, VI: 60, 66-70 
ciliated foregut cysts, VI: 60, 66-70 



coexistent metastases, VI: 165, 190 

hemorrhagic cyst, VI: 60, 65 

hydatid cyst, echinococcal disease, VI: 

430-431 
multilocular cyst, VI: 60, 65-66 
solitary (nonparasitic), VI: 60-66 
unilocular cyst, VI: 60-61 
hydatid cyst: 

liver imaging, VI: 430-431 
spleen, VI: 683, 687-690 
mesenteric cysts, V2: 907, 910 
ovarian, V2. 1500, 1502-1503 
dermoid cyst, V2. 1520-1521, 

1526-1529 
endometriotic cyst, V2: 1520, 

1522-1523 
functional cysts, V2. 1502, 1504-1506 
paraovarian/peritoneal cysts, V2: 1504, 

1508 
in pregnancy, differential diagnosis, 

V2. 1567, 1569-1570 
theca-lutein cysts, V2. 1504, 1507-1508 
prostate, V2. 1344, 1347-1349 
renal, V2. 1035, 1037-1064 

acquired dialysis-related cystic disease, 

V2. 1049, 1052, 1061-1062 
angiomyolipoma, V2: 1063-1068 
autosomal dominant polycystic kidney 

disease, V2. 1044, 1047, 

1052-1056 
autosomal recessive polycystic kidney 

disease, V2. 1047, 1056-1058 
calcified cysts, V2. 1042, 1048 
complex cysts, V2. 1037, 1040-1041 
fetal assessment, V2: 1614— 1616 
hemhorragic/proteinaceous cysts, V2: 

1037, 1042-1047 
medullary cystic disease, V2: 1049, 

1059-1060 
medullary sponge kidney, V2: 1049, 

1060 
multicystic dysplastic kidney, V2: 

1047-1049, 1058 
multilocular cystic nephroma, V2: 

1060, 1063-1064 
perinephric pseudocysts (parapelvic 

cysts), V2: 1042, 1044, 1050 
septated cysts, V2. 1042, 1047 
simple renal cysts, V2: 1035, 1037 
thickened wall and infiltration, V2: 

1043, 1049 
tuberous sclerosis, V2. 1066, 1069-1071 
von Hippel-Lindau disease, V2: 1066, 

1068, 1072 
seminal vesicles, V2: 1382, 1384 
spleen: 

epidermoid cysts, VI: 683, 688 

hydatid cyst, VI: 683, 687-690 

testes, scrotum and epididymis, V2: 

1386, 1389 
thoracic, fetal assessment, V2: 1612 
urachal, V2. 1300-1301 
vaginal: 

Bartholin glands cyst, V2. 1416-1418 
cavernous hemangioma, V2: 141 6, 

1420 



Gartner duct cysts, V2: 141 6, 
1418-1419 
Cytomegalovirus : 

esophageal infection, VI: 151-134: 
infectious colitis, VI: 888 
splenomegaly and, VI: 709-711 

Dacryocystocele, fetal assessment, V2: 

1604, 1607 
Dandy- Walker complex, fetal assessment: 
posterior fossa anomalies, V2: 1591, 

1593-1597 
ventriculomegaly, V2: 1585-1592 
Denys-Drash syndrome, Wilms tumor and, 

V2: 1103-1106 
Dermatofibrsarcoma protuberans, breast 

cancer, V2. 1139-1141 
Dermoid cyst: 

benign ovarian neoplasms, V2: 
1520-1521, 1526-1529 
pediatric patient, imaging protocol, V2: 
1631, 1643 
Desmoid tumor, V2. 912-914 
Gardner syndrome, V2: 1274, 
1280-1283 
Diabetes mellitus, seminal vesicle 

calcification, V2. 1382, 1385 
Dialysis, acquired cystic disease, V2: 1049, 

1052, 1061-1062 
Diaphragm: 

fetal assessment: 

anomalies, V2: 1604, 1612 
hernia, V2. 1604-1605, 1608-1609 
hernias in, V2. 904-909 
Didelphys uterine anomaly, V2: 1441, 
1444-1446 
vaginal duplication, V2: 1412, 
1414-1415 
Diethylstilbestrol (DES) exposure: 
ovarian anomalies, V2: 1503 
uterine anomalies, V2: 1448 
vaginal malignancies, V2: 1416, 
1420-1426 
Diffuse hyperperfusion abnormality, liver 
imaging, VI: 389-391, 411, 
414-415 
Diffuse infiltrative gastric adenocarcinoma, 

VI: 738, 741 
Diffuse infiltrative hepatocellular 

carcinoma, VI: 212, 227, 
234-238 
Diffuse pancreatic adenocarcinoma, VI: 

570, 576 
Diffusion- weighted imaging (DWI), breast, 

V2: 1696 
Diffusion-weighted single-shot echo planar 
imaging: 
fetal assessment, V2-. 1561 
non-fat-suppressed vs. fat-suppressed 
images, VI: 35-37 
Dilated stagnant bowel loop, Crohn 

disease, VI: 796, 805 
Direct tumor invasion: 

renal cell carcinoma metastases, V2: 

1082, 1084-1085 
splenic metastases, VI: 704-705 
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Disease-based strategies: 

MR imaging sequences, VI: 14-24 
screening applications, V2: 1684 
whole body imaging, VI: 41-42 
Disease conspicuity, abdominal-pelvic MRI, 
signal intensity differences and, 
VI: 1-2 
Distal esophagomyotomy, achalasia, VI: 

732, 734 
Distribution of area enhancement, breast 

cancer imaging, V2\ 1723 
Diverticula, congenital: 
bladder, V2: 1299-1301 
female urethra, V2. 1405-1407 
small intestine: 

duodenal, VI: 770, 772-774 
Meckel diverticulum, VI: 110, 11 A 
stomach, VI: 156-158 
Diverticular abscess, VI: 874, 876-877 
Diverticulitis, VI: 869, 874-879 

pericolonic abscess, VI: 874, 877 
Diverticulosis, VI: 869, 874 
Dixon breath-hold imaging technique, 
adrenal glands: 
adenoma, V2. 971, 979 
normal anatomy, V2. 964-968 
Donor assessment, hepatic transplantation 

protocol, VI: 287-291 
Dotarem gadolinium-based contrast agent, 

V2: 1768 
"Double duct sign," pancreatic cancer, bile 
duct obstruction, VI: 552, 
562-564 
Double-echo out-of-phase imaging, adrenal 

glands, V2: 963-968 
Double surface coils, bladder imaging, V2: 

1298-1299 
Drug toxicity, small intestine, VI: 810, 817 
Ductal carcinoma in situ (DCIS): 
benign masses, V2. 1115, 1717-1721 
breast cancer, risk and prevalence, V2: 

1723 
diagnostic criteria, V2: 1699-1700 
intraductal papilloma, differential 
diagnosis, V2. 1707-1709 
Ductal intraepithelial neoplasia (DIN): 
ductal carcinoma in situ, benign lesions, 

V2. 1715, 1718-1721 
fibroadenomas, V2. 1702-1706 
Duct-ectatic mucin-producing tumor, MR 

imaging, VI: 614—621 
Duke colon cancer classification, fallopian 
tube carcinoma, V2. 1551, 1554 
Duodenum: 

adenocarcinoma, VI: 111, 781-782 
Peutz-Jeghers syndrome, VI: 832 
colon cancer metastases, VI: 119, 782, 791 
Crohn disease in, VI: 785, 799 
diverticulum, VI: 770, 772-774 
hematoma, VI: 816, 823 
inflammatory disease (duodenitis), VI: 

810, 813-814 
leiomyoma, VI: 115, 780 
MALToma, VI: 779, 786 
neurofibroma, VI: 775, 779 
varices, VI: 775, 781 



Duplication anomalies: 

cervix, V2: 1441, 1444, 1447-1449 
colonic duplication, VI: 827, 832 
enteric duplication cyst, fetal assessment, 

V2. 1617, 1619 
esophageal, VI: 726, 728 
female urethra, V2: 1403 
gastric duplication cysts, VI: 736 
kidney, V2. 1613 
vagina, V2. 1412, 1414-1415 
Dynamic contrast-enhanced breast MRI, 

V2. 1695-1696 
Dysgerminomas, ovarian malignancies, V2: 

1533 
Dysplastic nodules (DNs): 

cirrhosis, VI: 340, 342, 346-354 
hepatocellular carcinoma, VI: 189, 198, 
202, 212, 357-358 
Dysproteinemia , angioimmunoblastic 
lymphadenopathy, splenic 
involvement, VI: 700-702 

Early hepatic arterial dominant phase 

(EHADP) imaging, 

gadolinium-based contrast 

agent, V2. 1774-1777 
Echinococcal disease, liver imaging, VI: 

430-433 
Echo time (TE): 

3T MR imaging, VI: 32-36 

adrenal gland imaging, V2: 963-968 

kidney imaging, paroxysmal nocturnal 

hemoglobinuria, V2: 1121, 

1127 
magnetic resonance 

cholangiopancreatography, VI: 

456 
small intestine imaging, VI: 1 61-110 
whole body imaging, VI: 40-42 
Echo-train short-tau inversion recovery 

(Echo-train-STIR) imaging, liver 

imaging: 
focal nodular hyperplasia, VI: 

121-127 
hemangiomas, VI: 88, 97-99 
hepatic cysts, VI: 60, 63 
hepatocellular carcinoma, VI: 192, 

195-197 
metastases characterization, VI: 128, 

140-141 
primary sclerosing cholangitis, VI: 304, 

306-308 
Echo-train spin-echo (ETSE) sequences: 
abdominal-pelvic imaging, VI: 6-10 
fat-suppressed echo-train spin-echo 

sequences, VI: 7-10 
single-shot echo-train spin-echo 

sequences, VI: 7-8 
adnexa, V2. 1499-1500 
aortic dissection, V2: 1201, 1208-1212 
bladder, V2. 1298 
chest imaging, V2. 1653-1654 
colon cancer, VI: 848, 854-857 
Gaucher disease, VI: 683 
imaging parameters, VI: 23-24 
kidney imaging, V2. 1029-1031 



lung cancer, pulmonary nodules, V2: 

1654, 1657, 1662-1665 
magnetic resonance 

cholangiopancreatography, VI: 
456-461 
male pelvis, V2. 1343-1344 
noncooperative patients, VI: 25 
pediatric patients, V2: 1644 
peritoneal inflammation, abscess, V2: 

951, 954-959 
placental imaging, V2: 1625-1627 
rectal adenocarcinoma, VI: 848-850, 
852, 857-860 
fibrosis, VI: 852, 861-865 
rectum, VI: 824, 827 
retroperitoneum imaging, V2: 1194 
benign lymphadenopathy, V2: 

1247-1250 
malignant metastatic 

lymphadenopathy, V2: 
1258-1263 
primary neoplasms, V2: 1266, 1271 
uterine-cervical MRI, V2: 1434 
Eclampsia, liver imaging, VI: 407, 410-411 
Ectopic kidney, V2. 1032-1033 

fetal assessment, V2: 1615 
Ectopic pregnancy: 

cesarean scar pregnancy, V2: 1577-1580 
sites for, V2. 1517 

theca-lutein ovarian cysts, V2: 1504, 
1507-1508 
Edema: 

bladder, V2. 1324 
ovarian torsion, V2: 1514—1516 
Edge artifact, breast MRI, V2. 1695 
Ejaculatory duct, cysts, V2: 1344, 

1347-1349 
Embryonal carcinoma, testes lesions, V2: 

1390-1396 
Embryonal rhabdomyosarcoma, 

retroperitoneal imaging, V2: 
1266, 1272 
Encephalocele, fetal assessment, V2: 

1594-1595, 1597 
Endarteritis, small intestine, radiation 

enteritis, VI: 816, 818 
Endodermal sinus tumors, ovarian 

malignancies, V2. 1533-1534, 
1542-1544 
Endoluminal aortic graft placement, V2: 

1214, 1216, 1224-1227 
Endoluminal coil imaging, uterus, V2: 

1433 
Endometrial cancer: 

adrenal metastases, V2: 994-995, 

998-999 
carcinoma, V2: 1468, 1470-1481 
endometriosis, V2: 1504, 1513 
fallopian tube metastases, VI: 155, 

1551 
hemorrhagic ovarian cyst, V2: 1500, 

1503 
polycystic ovarian syndrome, V2: 
1509, 1514 
liver metastases, imaging studies, VI: 
149, 151 
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Endometrial hyperplasia, V2: 1448-1450 
malignant ovarian neoplasms and, V2. 
1542, 1545-1547 
Endometrial polyps, V2: 1448-1450 
malignant ovarian neoplasms and, V2: 
1542, 1545-1547 
Endometrioid tumors: 

benign ovarian neoplasm, V2. 1520-1523 
malignant ovarian neoplasms, V2. 1533, 
1538 
Endometrioma: 

overian benign neoplasms, V2: 

1504-1505, 1509, 1512-1513 
pregnancy-related, V2. 1504, 1513, 1569, 
1574-1575 
Endometriosis, V2. 911 

abdominal wall, V2. 1504-1507, 1513 
bladder involvement, V2: 1326 
body wall masses, V2. 121 A, 1282 
ovarian benign disease, V2. 1504-1507, 

1510-1513 
in pregnancy, cervical, V2. 1569, 
1573-1574 
Endometritis, postpartum uterus, V2: 

1578-1580 
Endometrium, vaginal agenesis/partial 

agenesis, V2. 1410-1413 
Endorectal coil MRI: 
bladder, V2. 1298-1299 
coil imaging, rectal adenocarcinoma, VI: 

850, 857 
female urethra, normal anatomy, V2. 

1401-1403 
male pelvis, V2. 1343-1344 
rectum, VI: 824, 827 
vagina, V2: 1410 
Endoscopic retrograde 

cholangiopancreatography 
(ERCP): 
biliary anastomoses, VI: 464, 466-467 
choledocholithiasis, MRCP vs., VI: 

488-489 
intraductal papillary mucinous 

neoplasms, VI: 615 
MR imaging vs., VI: 455 
pancreas divisum, VI: 541 
pancreatic adenocarcinoma, bile 

duct obstruction, VI: 552, 
562-564 
primary sclerosing cholangitis, VI: 

497-502 
T2-weighted MRCP, VI: 456-457 
Endothelial cysts, adrenal glands, V2: 981, 

984, 991-993 
Endovaginal coil imaging: 
female urethra: 

diverticulum, V2. 1405, 1407 
normal anatomy, V2: 1401-1403 
uterus, V2. 1433 
vagina, V2: 1410 
Endovascular graft, postsurgical evaluation, 

V2: 1214, 1216, 1226 
End-stage kidney disease, hypertension, 

V2: 1146-1147 
Entamoeba histolytica, hepatic abscess, VI: 
430 



Enteric abscesses, gastrointestinal tract 

imaging, VI: 725 
Enteric duplication cyst, fetal assessment, 

V2: 1617, 1619 
Enteric fistulae, gastrointestinal tract 

imaging, VI: 725 
Enteritis: 

radiation-induced, large intestine, VI: 

888, 892-894 
small intestine: 

infectious, VI: 810, 813-814 
radiation enteritis, VI: 815-816, 818 
Enterobacter spp., prostate infection, V2-. 

1373-1374 
Enteroceles, female urethra, V2-. 1408-1410 
Enterocystoplasty, bladder reconstruction, 

V2: 1331, 1335 
Entero-vesical fistulae, Crohn disease, VI: 

810, 813 
Eosinophilic gastroenteritis, small intestine, 

VI: 809 
Eovist gadolinium-based contrast agent, 

V2: 1768, 1771-1772 
Epidermoid cysts, spleen, VI: 683, 688 
Epididymis: 

congenital anomalies, V2: 1386 
cystic lesions, V2. 1386, 1389 
infectious disease, V2: 1397-1398 
MR imaging, V2. 1385 
normal anatomy, V2. 1383-1384 
Epignathi, fetal assessment, V2: 1599 
Epispadias, V2: 1376 
Epithelial ovarian neoplasms: 
benign tumors, V2: 1518-1523 
malignant tumors, V2: 1531-1533 
primary peritoneal carcinoma, 

differential diagnosis, V2: 912, 
917 
Epithelioid hemangioendothelioma (EHE), 

liver metastases, VI: 251-253 
Epstein-Barr virus, splenomegaly and, VI: 

709-711 
Epulis, congenital, fetal assessment, V2: 

1601, 1605 
Erectile dysfunction, congenital anomalies 

and, V2: 1376 
Erythropoietin levels, nephrogenic systemic 

fibrosis and, V2. 1782-1783 
Escherichia coli, prostate infection, V2: 

1373-1374 
Esophageal varices: 

cirrhosis, portal hypertension, VI: 351, 

361 
MR imaging, VI: 727 
Esophagitis: 

radiation-induced, VI: 730-731 
reflux, VI: 729-730, 732 
Esophagus. See also Lower esophageal 
sphincter 
benign masses, leiomyomas, VI: 726-728 
duplication cysts, VI: 726, 728 
infectious disease, VI: 731-734 
inflammatory disease: 

corrosive esophagitis, VI: 731 
radiation esophagitis, VI: 730-731 
reflux esophagitis, VI: 729-730, 732 



malignant masses, VI: 729-731 
metastases to: 

achalasia, VI: 732, 734 
esophageal cancer, differential 
diagnosis, VI: 729, 731 
MR imaging, VI: 726 
normal anatomy, VI: 725-726 
Estrogen receptors, invasive ductal 

carcinoma, V2. 1723-1727 
Ewing sarcoma, pelvic metastases, V2: 

1274, 1288 
Examination duration, MR imaging 

strategies and, VI: 14-24 
Exophytic focal nodular hyperplasia 

(FNH), MR imaging, VI: 121, 
133-134 
Exophytic gastric adenocarcinoma, VI: 

738 
Exstrophic bladder, V2: 1299 

adenocarcinoma, V2: 1316, 1319-1320 
fetal assessment, V2: 16 17-1618 
Extracellular contrast agents, 

gadolinium-based, V2: 
1768-1774 
Extrahepatic ducts, variations, VI: 460, 464 
Extramedullar hematopoiesis (EH): 
kidney myelofibrosis, V2: 1068, 1073 
liver MR imaging, VI: 67, 79-80 
retroperitoneal masses, V2. 1249, 1251 
Extrarenal pelvis, V2: 1164, 1170 
Extremeties, fetal MRI, V2. 1620-1622 
Ex utero intrapartum treatment (EXIT), 

fetal head and neck anomalies, 
MRI, V2. 1598-1699, 1601-1607 

Fallopian tubes: 

carcinoma, V2: 1550-1552 
endometriosis, V2: 1505 
hydrosalpinx, V2: 1517 
metastases to, V2. 1551-1553 
normal anatomy, V2. 1500, 1503 
paraovarian cysts of Morgagni, V2: 1504, 

1508 
tubo-ovarian abscess, V2: 1514, 
1516-1517 
Familial adenomatous polyposis syndrome, 

VI: 829, 832, 837-838 
Fast spin-echo sequences, VI: 6 

breast, silicone implants, V2: 1 688-1 689, 

1757-1759 
vaginal metastases, V2: 1421-1426 
Fat detection: 

adrenal gland myelolipoma, V2: 

979-980, 988-990 
adrenal gland pheochromocytoma, V2. 

1005-1111 
echo-train spin-echo sequences, VI: 6-7 
gradient echo sequences, VI: 3 
hepatocellular carcinoma, VI: 192, 

209-212 
liver imaging: 

angiomyolipomas, VI: 67, 70, 80-81 
hepatocellular adenoma, VI: 107, 

109-114 
iron deposition coexistence, VI: 371, 
376 
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Fat detection: {Continued) 

out-of-phase (opposed-phase) spoiled 
gradient echo sequences, VI: 
4-5 
ovaries, benign germ cell tumors, V2: 

1520-1521, 1526-1529 
pancreas, uneven fatty infiltration, VI: 
542, 545 
Fat necrosis (FN), breast-conserving 

therapy, V2: 1746, 1749-1752 
Fat-suppressed (FS) echo-train spin-echo 
sequences: 
abdominal-pelvic imaging, VI: 7-10 
adrenal gland imaging, V2: 963-968 

neuroblastoma, V2. 1013-1017 
breast MRI, V2. 1695 
chronic pancreatitis, VI: 649, 652, 

653-654 
esophageal imaging, VI: 726-727 
gastrointestinal tract, VI: 725 
hepatic transplantation, ischemic 

changes, VI: 287, 290-292 
liver imaging, VI: 46-48 

angiomyolipomas, VI: 67, 70, 80-81 
computed tomography vs., VI: 128, 

141-144 
hepatocellular carcinoma, diffuse 
infiltrative, VI: 212, 227, 
234-238 
hypovascular metastases, VI: 149, 

155-157 
metastases, VI: 128, 138-139 
mycobacterium avium intracellulare, 

VI: 433-435 
primary sclerosing cholangitis, VI: 

304, 309-311 
viral hepatitis, VI: 321, 323-325 
pediatric patients, V2: 1637 
renal function, V2. 1112, 1116-1117 
renal function assessment, V2: 1112, 

1116-1117 
retroperitoneum: 

benign lymphadenopathy, V2: 

1247-1250 
lymphoma, V2. 1253-1257 
malignant metastatic 

lymphadenopathy, V2: 
1258-1263 
Fat-suppressed gradient echo sequences: 
adnexa, V2. 1499-1500 
adrenal glands, V2. 963-968 

adrenal cortical carcinoma, V2: 998, 

1002-1006 
metastases, V2. 995-1002 
aortic graft evaluation, V2: 1214, 1216, 

1224-1227 
aortoiliac atherosclerotic disease/ 

thrombosis, V2: 1204, 1207, 
1214-1223 
basic principles, VI: 4 
bile duct, papillary adenoma, VI: 511, 

515 
bladder, V2. 1298 

fistulas, V2. 1331-1335 
transitional cell carcinoma, V2: 
1307-1316 



breast MRI, V2. 1695 

cavernous hemangioma, V2: 14 16, 1420 

cirrhosis, portal hypertension, VI: 348, 

351, 359-362 
colon cancer, VI: 843-865 
esophageal imaging, esophageal varices, 

VI: 727, 729 
esophagus, malignant masses, VI: 

729-731 
kidneys: 

angiomyolipomas, V2: 1063-1068 
renal function assessment, V2: 1112, 
1116-1117 
large intestine: 

lipomas, VI: 832, 839-840 
ulcerative colitis, VI: 867-868, 
870-871 
liver imaging: 

hepatic cysts, VI: 60-62, 64 
metastases detection and 

characterization, VI: 128, 
137-143 
magnetic resonance 

cholangiopancreatography, VI: 
460-461 
ovaries: 

endometriomas, V2: 1506, 1509-1512 
pelvic inflammatory disease, V2\ 1514, 
1516-1517 
pancreas, VI: 536-541 

acute pancreatitis, VI: 628, 636-647 
annular pancreas, VI: 542-544 
chronic pancreatitis, VI: 648-665 
cystic fibrosis, VI: 545-548 
islet-cell tumors, VI: 590-598 
pancreatic adenocarcinoma, VI: 552, 
555-556, 570, 577-578 
peritoneal inflammation: 

abscess, V2. 949, 951, 954-959 
pancreatitis, V2: 940-942, 946, 949 
peritoneal metastases, V2: 923-924 
pleural disease imaging, V2: 1666, 

1671-1672 
rectum, techniques, VI: 827, 831 
renal function, V2. 1112, 1116-1117 
retroperitoneum, V2: 1193-1194 
scrotal hernia, V2. 1390 
small intestine, VI: 775, 781 

adenocarcinoma, VI: 111, 781-782 
Crohn disease, VI: 785, 791, 793-805 
gastrointestinal stromal tumor, VI: 119, 

783-785 
infectious enteritis, VI: 810, 813-814 
ischemia and hemorrhage, VI: 81 6, 

819-823 
polyps, VI: 115, 111-118 
radiation enteritis, VI: 816, 818 
stomach, VI: 734 

gastric adenocarcinoma, VI: 743 
gastrointestinal stromal tumors, VI: 
743, 748, 752-758 
vessel imaging, inferior vena cava 
thrombus, V2. 1229-1237 
Fat suppression effects: 

3T MR imaging, ETSE vs. SGE 
sequences, VI: 33 



magnetic resonance imaging variables, 

VI: 13-15 
single-shot echo-train spin-echo vs. 
single-shot echo planar 
imaging, VI: 33-34 
Fatty liver: 

focal nodular hyperplasia and, VI: 379 

hepatocellular carcinoma and, VI: 380 

imaging studies, VI: 371, 373, 377-387 

adenomatosis, VI: 114-115 

fat-suppressed echo-train spin-echo 

sequences, VI: 7-10 
focal imaging, VI: 371, 377 
focal nodular hyperplasia, MRI vs. CT, 

VI: 121, 129 
focal sparing, VI: 511, 384-385 
hemangiomas, VI: 106 
hepatic transplantation, VI: 299, 303 
metastases, VI: 128, 140-142 

adenoma, VI: 128, 142 
mild infiltration, VI: 311, 380 
minimal infiltration, VI: 311, 380 
moderately severe diffuse infiltration, 

VI: 377, 381-382 
multiple small foci, VI: 371, 378-379 
nonalcoholic fatty liver disease, VI: 

317, 319-320 
segmental variation, VI: 311, 386-387 
severe infiltration, VI: 377, 382-383 
pediatric patients, V2: 1644 
Feridex, iron-based contrast agent, V2: 

1778-1779 
Ferric ammonium citrate, positive 

intraluminal contrast agents, 
large intestine imaging, VI: 895 
Ferumoxide contrast agents, V2: 1778-1779 
Ferumoxtran contrast agents, V2: 

1778-1779 
Fetal assessment: 
anomalies: 

abdominal/pelvic cysts, V2: 1617-1620 
abdominal wall defects, V2. l6l 5-1617 
central nervous system, V2: 1584-1585 
congenital hemangioma, V2: 1604, 

1607 
cortical development anomalies, V2: 

1595-1596 
cystic renal disease, V2: 1614— l6l6 
destructive lesions, V2: 1596-1601 
developmental, V2. 1594-1595 
gastrointestinal system, V2: 1614— 1615 
head and neck, V2. 1598-1599, 

1601-1607 
hernia, V2. 1604-1605, 1608-1609 
hydronephrosis, V2: 1613-1614 
kidneys, V2. 1612-1613 
persistent cloaca, V2. 1614 
posterior fossa, V2. 1591, 1593-1597 
pulmonary maformations, V2: 
1605-1606, 1610-1612 
renal agenesis, V2. 1613 
renal ectopia and fusion abnormalities, 

V2. 1613 
thoracic cysts, V2: 1612 
thorax, V2. 1604, 1612 
ventriculomegaly, V2. 1585-1592 
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extremities, V2: 1620-1622 

fetal weight and amniotic fluid, V2: 

1622-1623 
MR imaging techniques, V2: 1561 , 1578 
multiple gestation, V2: 1623-1624 
neoplasms: 

abdominal, V2. 1617-1620 
brain, V2. 1598-1599, 1600-1607 
thoracic, V2. 1612 
normal anatomy: 

abdomen and pelvis, V2: 1583-1585 
central nervous system, V2: 1578-1583 
head and neck, V2. 1583 
thorax, V2. 1583 
placental imaging, fetal demise, V2: 

1623, 1625-1627 
safety and procedures, V2: 1559-1561 
Fetal demise, invasive placenta, V2: 1625, 

1627 
Fetal weight, MR imaging and, V2. 

1622-1623 
Fibroadenolipoma, V2: 1709, 1711 
Fibroadenoma (FA), breast, V2: 1702-1706 
Fibrocystic breast changes (FCC), V2. 1712, 

1714-1716 
Fibroids, uterine, V2: 1456, 1462-1464. See 
also Leiomyomas 
in pregnancy, maternal imaging, V2: 
1567 
Fibrolamellar carcinoma, imaging studies, 

VI: 238-239 
Fibromas: 

benign ovarian neoplasms, V2: 
1525-1526, 1529-1530 
malignant ovarian neoplasms, V2: 1540, 
1542, 1545-1547 
Fibromatosis, aggressive, V2. 912-914 
Fibromuscular dysplasia, renal arteries and, 

V2. 1133, 1137 
Fibrosarcoma, abdominal wall metastases, 

V2. 1274, 1287 
Fibrosis: 

bladder, transitional cell carcinoma 
recurrence, differential 
diagnosis, V2. 1308, 1316 
chronic pancreatitis, VI: 648-665 
cirrhosis and, VI: 333, 335-338 

varices, VI: 351, 362 
Crohn disease, VI: 785 
liver: 

autoimmune hepatitis and, VI: 312-314 
chronic hepatitis, VI: 321, 330 
diffuse hepatocellular carcinoma, 

differential diagnosis, VI: 235 
fetal assessment, renal cysts, V2: 

1614-1616 
hepatic transplantation, VI: 299, 304 
hepatocellular adenoma, VI: 113 
ovarian, endometriosis, V2: 1506-1507, 

1509-1512 
penis and urethra inflammatory disease, 

V2: 1380-1381 
primary sclerosing cholangitis, VI: 

497-502 
rectosigmoid colon adenocarcinoma, VI: 
852, 858, 861-865 



retroperitoneum : 

benign masses, V2. 1240, 1242-1244 
lymphoma, V2. 1253-1257 
malignant masses, V2: 1249, 
1252-1253 
Fibrothecoma: 

benign ovarian neoplasms, V2: 

1525-1526 
malignant ovarian neoplasms, V2: 1540, 
1542, 1545-1547 
Fibrous histiocytoma: 

abdominal wall metastases, V2: 121 A, 

1286 
inferior vena cava, V2: 1240-1241 
Fibrous stromal tumors, benign ovarian 

neoplasms, V2. 1518-1523 
Field-focusing effect, 3T MR imaging, VI: 

33 
Field of view (FOV): 

breast MRI, V2. 1692-1693 
parallel MR imaging, VI: 29-31 
three-dimensional gradient echo 

sequences, VI: 3 
uterine-cervical MRI, V2: 1434 
whole body imaging, VI: 36, 38 
FIGO (International Federation of 

Gynecology and Obstetrics) 
classification: 
cervical cancer, V2: 1482-1488 
endometrial carcinoma, V2: 1470, 

1472-1474 
fallopian tube carcinoma, V2: 1551 
ovarian cancer, epithelial tumors, V2: 

1532-1533 
vaginal malignancies, V2: 1416, 
1420-1426 
Fistulae: 

arteriovenous fistulas, liver imaging, VI: 

388-392 
bladder, V2. 1326, 1331-1335 

cervical cancer metastases, V2: i486, 
1489 
colonic fistulae, VI: 883, 887-888 
Crohn disease: 

entero-vesical, VI: 810, 813 
pelvic, VI: 810-812 
enteric, gastrointestinal tract imaging, VI: 

725 
female urethra, V2: 1407-1408 
peritoneal, pelvic abscess and, V2: 951, 

959 
small intestine, VI: 810-813 
vaginal, V2. 1421, 1426, 1429-1430 
Floating gallstones, T2-weighted imaging, 

VI: 464, 469 
Focal hyperperfusion abnormality (FHA), 

liver imaging, VI: 414—415 
Focal nodular hyperplasia (FNH): 

Budd-Chiari syndrome, VI: 403, 406-407 
fatty liver and, VI: 379 
hemangiomas and, VI: 90 
hepatocellular adenoma, differential 

diagnosis, VI: 113 
hepatocyte-specific contrast agents, 
imaging studies, V2: 1768, 
1770-1771 



hypervascular liver metastases, 

differential diagnosis, VI: 111, 
180 
liver metastases, differential diagnosis, 

VI: 111, 180 
MR imaging, VI: 119, 121-136 
contrast agents, VI: 54, 55-58 
exophytic FNH, VI: 121, 133-134 
fatty infiltration, VI: 121, 130-132 
in fatty liver, CT comparison, VI: 121, 

129 
large-sized FNH, VI: 121, 127 
medium-sized FNH, VI: 121, 123-126 
Foldover artifacts, parallel MR imaging, VI: 

29-30 
Follow-through MR imaging, small 
intestine: 
Crohn disease, VI: 796 
enteroclysis, VI: 161-110 
Foregut hepatic cysts, VI: 60, 66-70 
Foreign bodies, intraperitoneal, V2: 

945-947 
Frequency-selective fat-suppression 
methods, gradient echo 
sequences vs., VI: 3 
Fungal infection: 

hepatic parenchyma, VI: 433, 435-438 
hepatic transplantation, VI: 299, 305 
renal candidiasis, V2: 1155 
spleen, VI: 710-711 

Gadofosveset trisodium (Vasovist), vessel 

imaging, V2: 1198-1200 
Gadolinium-based contrast agents 

(GBCAs), V2: 1767-1777 
breast feeding and, V2: 1786 
chronic toxicity, V2: 1876 
classification, V2. 1168-1114 
complications, V2. 1779-1786 
early hepatic venous phase, V2: 111 6 
enhancement phases, V2: 1768, 1770, 

1774 
hepatic arterial dominant phase, 

V2: 1114-1111 
hepatocyte phase, V2. 1768, 1770, 1777 
interstitial phase, V2: 111 6 
nephrogenic systemic fibrosis, V2: 

1780-1786 
pharmacokinetics, V2: 1781-1782 
toxicity studies, V2. 1119-1186 
Gadolinium-enhanced imaging. See also 

MultiHance contrast agent 

(Gd-BOPTA); Primivist 

(Gd-EOB-DTPA)-enhanced 

imaging 
acute cholecystitis, VI: 468, 470-475 
adnexa, V2. 1499-1500 
adrenal glands, V2. 963-968 
metastases, V2. 995-1002 
aorta, V2. 1200-1227 

aortic dissection, V2. 1201, 1208-1212 
aortic graft evaluation, V2: 1214, 1216, 

1224-1227 
aortoiliac atherosclerotic disease/ 

thrombosis, V2. 1204, 1207, 

1214-1223 
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Gadolinium-enhanced imaging {Continued) 
appendicitis diagnostic imaging, VI: 874, 

879-881 
bile duct, cholangiocarcinoma, VI: 

517-518, 521-526 
bladder, V2: 1298 

congenital anomalies, V2-. 1299-1301 
cystitis, V2: 1326-1328 
fistulas, V2: 1331-1335 
neurofibromas, V2. 1304-1305 
papilloma, V2. 1300-1301 
radiation changes, V2: 1337 
squamous cell carcinoma, V2: 

1316-1319 
transitional cell carcinoma, V2: 
1307-1316 
breast, V2. 1688, 1690-1691 
breast cancer, V2: 1723 
chest imaging, V2: 1654 
hilar and mediastinal 

lymphadenopathy, V2: 
1666-1667 
pulmonary emboli, V2: 1673, 
1675-1677 
cirrhosis, portal hypertension, VI: 348, 

351, 359-362 
colon cancer, VI: 843-865 
lymphoma, VI: 860, 867 
melanoma, VI: 867, 869 
perirectal/peritoneal metastases, VI: 
848, 854-857 
contrast agents, V2: 11 6l -1111 
disease detection and characterization, 

VI: 2 
esophageal imaging, VI: 726-727 
esophageal varices, VI: 727, 729 
leiomyomas, VI: 726-728 
malignant masses, VI: 729-731 
reflux esophagitis, VI: 730, 732 
fat effects and, VI: 13-15 
fat-suppressed gradient echo sequences, 

VI: 4 
female urethral diverticulum, V2: 

1405-1407 
gallbladder: 

acute cholecystitis, VI: 472-475 
adenomyomatosis, VI: 480, 484 
carcinoma, VI: 481, 485-486 
neoplastic polyps, VI: 480, 482-483 
gastrointestinal tract, VI: 725 
hepatic abscess, pyogenic, VI: 418, 

422-432 
hepatic transplantation, ischemic 

changes, VI: 287, 290-292 
hepatocyte targeting, contrast agents, 

VI: 50-58 
kidneys, V2. 1029-1031 

fibromuscular dysplasia, V2: 1133, 

1136-1137 
hemodialysis effects, V2: 1102 
hypertrophic kidney, V2: 1032, 1037 
iron deposition, V2: 1121, 

1125-1127 
lymphoma, V2. 1106-1110 
myelofibrosis, V2: 1073 
pelvic kidney, V2. 1032 



perinephric pseudocyst, V2: 1042, 

1044, 1050 
persistent fetal lobulation, V2: 1031 
prominent columns of Bertin, V2: 

1031 
renal artery disease, V2: 1129, 

1131-1144 
renal collecting system dilation, V2: 

1164, 1172 
renal filling defects, V2. 1159, 

1166-1169 
renal function, V2. 1173-1177 
transplants, V2. 1177-1184 
trauma, V2. 1172-117 7 4 
Wilms tumor, V2. 1103-1106 
large intestine: 

abscesses, VI: 881-886 

colonic adenomatous polyps, VI: 832, 

835-838 
colonic fistulae, VI: 883, 887-888 
diverticulitis, VI: 869, 874-879 
infectious colitis, VI: 888 
mucocele, VI: 838, 841-842 
positive intraluminal contrast agents, 

VI: 895 
rectosigmoid carcinoma, VI: 850, 

857-860 
rectosigmoid colon adenocarcinoma, 

VI: 852, 863-865 
techniques, VI: 824 
ulcerative colitis, VI: 867-868, 

870-871 
liver, VI: 46, 49-50 

arteriovenous fistulas, VI: 388-392 
autoimmune hepatitis, VI: 312-314 
bile duct carcinoma, intrahepatic/ 

peripheral metastases, VI: 

239-240, 242, 247-249 
Budd-Chiari syndrome, hepatic venous 

thrombosis, VI: 398, 401-405 
contrast agents, VI: 54, 55-58 
hepatic cysts, solitary (nonparasitic) 

cysts, VI: 60, 64 
metastases detection and 

characterization, VI: 128, 

137-143 
mycobacterium avium intracellulare, 

VI: 433-435 
porta hepatis lymphadenopathy, VI: 

352, 354, 359, 362-365 
pyogenic abscess, VI: 418, 422-432 
transcatheter arterial embolization, VI: 

268, 270-278 
undifferentiated sarcoma, VI: 251, 

256 
magnetization-prepared rapid-acquisition 

gradient echo sequences, VI: 

5-6 
male pelvis, V2. 1343-1344 
ovaries: 

endometrial implants, V2: 1506 
endometrioma, V2. 1504-1505, 1509, 

1513 
germ cell tumors, V2. 1521 
Krukenberg tumor, ovarian metastases, 

V2. 1547, 1550 



mucinous cystadenocarcinoma, V2: 

1533, 1536-1537 
pelvic inflammatory disease, V2: 1514, 

1516-1517 
primary ovarian carcinoma, V2: 1531 
sex cord-stromal tumors, V2. 1525- 
1526, 1529-1531 
pancreas, VI: 536-541 

acute pancreatitis, VI: 631 
annular pancreas, VI: 542-544 
autoimmune pancreatitis, VI: 664, 666 
chronic pancreatitis, VI: 648-665 
insulinomas, VI: 601, 603 
mucinous cystadenoma/ 

cystadenocarcinoma, VI: 
612-616 
pancreatic adenocarcinoma, VI: 552, 

558-559, 562-564 
pancreatic transplants, VI: 611-613 
pediatric patients, V2: 1647 
pelvic varices, V2: 1518 
penis and urethra: 

inflammatory disease, V2: 1380-1381 
normal anatomy, V2: 1375-1376 
peritoneal inflammation: 

abscess, V2. 949, 951, 954-959 
pancreatitis, V2: 940-942, 946, 949 
peritoneal metastases, intraperitoneal 

seeding, V2. 918-924 
portal venous thrombosis, VI: 393-398 
in pregnancy, V2: 1560-1561 

placental imaging, V2: 1625-1627 

postpartum uterus, V2: 1578-1580 

primary sclerosing cholangitis, MRCP 

imaging and, VI: 499-502 
prostate cancer, adenocarcinoma, V2: 

1357-1373 
rectum: 

adenocarcinoma, VI: 848-850, 858 
rectal carcinoid tumors, VI: 867-868 
techniques, VI: 827, 831 
renal cell carcinoma, V2: 1099, 1102 
staging, V2: 1073, 1077, 1079-1082, 
1084-1087 
retroperitoneum, V2: 1193-1194 
benign lymphadenopathy, V2: 
1247-1250 
small intestine, VI: 161-110 

adenocarcinoma, VI: 777, 781-782 
carcinoid tumors, VI: 119, 790-791 
Crohn disease, VI: 785, 791, 793-805 
gastrointestinal stromal tumor, VI: 

779, 783-785 
infectious enteritis, VI: 810, 813-814 
metastases to, VI: 782, 791-792 
pancreatitis, VI: 810, 815 
polyps, VI: 115, 111-118 
radiation enteritis, VI: 816, 818 
spleen, lymphomas, VI: 693-694, 

699-703 
stomach, VI: 734 

gastric adenocarcinoma, VI: 738, 741, 

743-751 
gastrointestinal stromal tumors, VI: 

143, 748, 752-758 
postoperative evaluation, VI: l6l, 166 
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Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 
460-461 
Tl -weighted sequences, VI: 10-13 
hepatic arterial dominant (capillary) 

phase, VI: 10-13 
hepatic venous (interstitial) phase, VI: 

11 
portal venous/early hepatic venous 
phase, VI: 11 
testes, scrotum and epididymis, V2: 
1385 
benign neoplasms, V2: 1388, 1390 
infectious disease, V2: 1397-1398 
three-dimensional gradient echo 

sequences, VI: 4 
uterus: 

endometrial hyperplasia/polyps, V2. 

1449-1450 
leiomyomas, V2. 1449, 1455-1457 
vaginal malignancies, V2. 1416, 

1420-1426 
vessel imaging, V2. 1195-1200 
inferior vena cava thrombus, V2. 

1229-1237 
signal intensity, VI: 1 4 
whole body imaging, VI: 39-42 
Gadovist gadolinium-based contrast agent, 

V2: 1768 
Galactocele, breast cancer, V2. 1739-1740 
Galactography, intraductal papilloma, 
differential diagnosis, V2: 
1707-1709 
Gallbladder: 

bile layering, VI: 460, 464 

cirrhosis regenerative nodules, VI: 334, 

343 
diffuse wall thickening, VI: 480-481 
fetal assessment, normal development, 

V2 1584-1585 
gallstone disease: 

acute cholecystitis with, VI: 468, 

473-475 
floating gallstones, VI: 464, 469 
hyperintense gallstones, VI: 464, 469 
neoplastic disease: 

adenomyomatosis, VI: 480, 484 
gallbladder carcinoma, VI: 480-481, 

485-486 
gallbladder polyps, VI: 480, 482-483 
metastases to, VI: 483, 487 
nonneoplastic disease: 

acute cholecystitis, magnetic 
resonance 

cholangiopancreatography, VI: 
468-415 
chemoembolization-induced, VI: 
468, 476 
acute on chronic cholecystitis, VI: 

468, 475 
chronic cholecystitis, VI: 475, 477-478 
gallstone disease, VI: 464-465, 

467-469 
hemorrhagic cholecystitis, VI: 415-411 
xanthogranulomatous cholecystitis, VI: 
477 



normal anatomy, VI: 456 

variants, VI: 460, 462-464 
pediatric imaging, V2. 1649 
porcelain gallbladder, VI: 411, 480 
Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 
460-461 
Gallstones, acute pancreatitis and, VI: 625, 

632 
Gamna-Gandy bodies: 
cirrhosis and, VI: 353 
heterozygous thalassemia, VI: 514 
spleen, VI: 711, 714 
Ganglioma, adrenal glands, V2: 1006, 

1012-1017 
Ganglioneuroblastoma : 

adrenal glands, V2. 1006, 1013, 

1015-1017 
retroperitoneum, V2. 1266 
Ganglioneuromas, bladder lesions, V2: 

1304-1305 
Gardner syndrome: 

colonic adenomatous polyps, VI: 829, 

832 
desmoid tumor, V2: 1274, 1280-1283 
Gartner duct cyst, V2. 1416, 1418-1419 
Gas bubbles, liver imaging, post-ablative 

therapies, VI: 286-287 
Gastric adenocarcinoma, VI: 738, 741, 
743-751 
antrum, VI: 741, 747-748 
body, VI: 741, 745-746 
cardia, VI: 741, 744-745 
colon cancer, differential diagnosis, VI: 

843 
extensive carcinomatosis, VI: 738, 751 
pylorus, VI: 741, 749 
TNM staging, VI: 738, 741-742 
Gastric banding, VI: 76l, 766 
Gastric bowel imaging, protocol for, VI: 

20, 22 
Gastric diverticulum, imaging studies, VI: 

136-138 
Gastric duplication cysts, imaging studies, 

VI: 736 
Gastric neurofibromas, VI: 739 
Gastric outlet, Crohn disease obstruction, 

VI: 785, 799 
Gastric polyps, imaging studies, VI: 736, 

739-741 
Gastric schwannoma, VI: 736, 740 
Gastric ulceration, VI: 761-764 
Gastric varices: 

cirrhosis, VI: 348, 351, 359 
MR imaging, VI: 738, 742 
Gastric wall edema, VI: 76 1, 764 
Gastric wall hyperplasia, MR imaging, VI: 

601 
Gastrinomas: 

extrapancreatic, VI: 591, 593, 599-600 
liver metastases, VI: 164, 180 
transcatheter arterial 

chemoembolization, VI: 270, 
272 
pancreatic cancer, VI: 591, 593, 598-602 
multiple, VI: 593, 600 



Gastrinoma triangle, islet cell tumor 

imaging, VI: 598 
Gastrin secretion, stomach carcinoids, VI: 

759 
Gastritis, VI: 761-764 

atrophic, VI: 76l, 763 
Gastroduodenal pseudoaneurysm, V2. 

1200-1201, 1205-1206 
Gastroenteritis, eosinophilic gastroenteritis, 

small intestine, VI: 809 
Gastroesophageal reflux disease (GERD), 
imaging studies, VI: 729-730, 
732 
Gastrointestinal juvenile polyposis, colonic 

hamartomas, VI: 832 
Gastrointestinal stromal tumors (GISTs): 
colorectal metastases, VI: 860, 866 
imaging studies, VI: 743, 748, 752-758 

high-grade GIST, VI: 748, 756 
intermediate-to high-grade, VI: 748, 757 
leiomyomas, VI: 726-728 
liver metastases, sarcomas, VI: 147-150 
low grade, VI: 748, 757-758 
small intestine, VI: 777, 779, 783-785 
Gastrointestinal tract. See also Stomach; 
specific segments, e.g., 
Esophagus 
fetal assessment, V2: 1614-1615 
MR imaging, VI: 725 
pediatric imaging, V2: 1650 
in pregnancy, maternal imaging, V2: 
1564-1565 
Gastrojejunostomy, VI: 76 1, 766 
Gastroschisis, fetal assessment, V2: 1617 
Gaucher disease, spleen imaging and, VI: 

683 
Genetic disease: 

breast cancer, V2. 1722-1723 
hemochromatosis : 

liver imaging, VI: 354, 362, 365-368 
pancreas, VI: 546, 548-549 
liver, VI: 315-318 

ocl -antitrypsin deficiency, VI: 315, 317 
Wilson disease, VI: 315-318 
pancreas: 

cystic fibrosis, VI: 544-548 
primary hemochromatosis, VI: 546, 

548-549 
von Hippel-Lindau syndrome, VI: 
549-550 
Genitalia. See also Gonadal differentiation 
anomalies; Vagina; specific 
male and female organs, e.g., 
Penis 
ambiguous, V2: 1415— 1416 
Germ cell tumors: 

benign ovarian neoplasms, V2: 
1520-1521, 1526-1529 
malignant ovarian neoplasms, V2: 

1533-1534, 1540-1544 
testes lesions, V2. 1390-1396 
Gestational trophoblastic disease, V2: 
1628-1629 
postpartum uterus, V2: 1578-1580 
theca-lutein cysts, V2: 1504 
Ghosting artifacts, breast MRI, V2. 1695 
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Giant cell tumor: 

abdominal wall metastases, V2: 121 A, 

1289, 1290 
bile duct, VI: 511, 514 
Giant lymph node hyperplasia, 

retroperitoneal benign 
lymphadenopathy, V2: 
1249-1250 
Giardia lamblia, infectious enteritis, 

differential diagnosis, VI: 810, 
813-814 
Gleason score, prostate cancer, V2: 1368 
Glomerular disease, V2: 1117-1120 

renal vein thrombosis, V2: 1137, 1144 
Glomerular filtration rate (GFR), 

nephrogenic systemic fibrosis, 
V2: 1781 
Glucagonoma, MR imaging, VI: 601, 604 
Glucocerebroside accumulation, Gaucher 

disease, VI: 683 
Gluten-sensitive enteropathy (GSE), small 

intestine, VI: 799, 807-809 
Goiter, fetal assessment, V2: 1598 
Gonadal differentiation anomalies, vagina, 

V2. 1415 
Gonadal dysgenesis: 

gonadal differentiation anomalies, V2: 

1415 
ovarian anomalies, V2: 1503 
uterine anomalies, V2: 1441-1442 
Gonadoblastoma, ovarian anomalies, V2: 

1503 
Gossypiboma, intraperitoneal, V2. 945-947 
Gradient echo sequences: 

abdinomal-pelvic imaging, advantages, 

VI: 2-3 
adrenal glands, V2. 963-968 
aortic dissection, V2. 1201, 1208-1212 
chest imaging, V2: 1654 
fat-suppressed gradient echo sequences, 

VI: 4 
kidneys: 

iron deposition, V2. 1121, 1125-1127 
renal collecting system dilation, V2: 
1164, 1172 
liver imaging: 

contrast agents, VI: 51-58 
fat/iron deposition, VI: 371, 376 
fatty liver, VI: 371, 373, 377-387 
metastases detection and 

characterization, VI: 128, 
137-143 
portal venous thrombosis, VI: 391, 
393-400 
magnetization-prepared rapid-acquisition 
gradient echo sequences, VI: 
5-6 
out-of-phase gradient echo sequences, 

VI: 4-5 
pancreatic cancer: 

adenocarcinoma, staging, VI: 575, 

577-587 
gastrinomas, VI: 591, 598-602 
pediatric pateients, V2: 1637 
renal artery disease, V2. 1136, 1139-1140 
serial MRI examination, VI: 24—28 



spoiled gradient echo sequences, VI: 

3-4 
Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 
460 
vessel imaging, V2: 1195-1200 
Gradient system, breast MRI, V2: 1693 
Graft failure: 

aortic graft, postoperative evaluation, 
V2. 1207, 1214, 1216, 
1224-1227 
hepatic transplantation, VI: 287, 292 
liver abnormalities, VI: 299, 303-306 
Graft- versus-host disease, small intestine, 

VI: 816-817, 828-829 
Gram-negative bacterial, prostate infection, 

V2: 1373-1374 
Granulocytic sarcoma: 
bladder, V2. 1316, 1321 
kidney, V2. 1109, 1111 
Granulomatous disease: 
bladder, V2. 1326 
breast abscess, V2: 1712 
Granulosa cell tumors, malignant ovarian 
neoplasms, V2: 1540, 1542, 
1545-1547 
Gynecological malignancies: 

bladder metastases, V2. 1320-1324 
peritoneal metastases, V2: 923-924, 932 

Half-Fourier acquisition single shot turbo 
spin-echo (HASTE) sequence: 
abdominal pelvic imaging, V7: 7 
adrenal gland imaging, V2. 963-964, 
966 
adenomas, V2. 971, 982-983 
aldosteronomas, V2. 977, 986-987 
cyst/pseudocyst, V2. 980-981, 984, 

992-993 
hypovascular adrenal metastases, V2. 

994-995, 998, 1000 
myelolipoma, V2. 977-980, 988-990 
bladder imaging, V2: 1298 
magnetic resonance 

cholangiopancreatography, VI: 
456, 460 
pancreatic imaging, VI: 536-539 
pediatric patients, V2: 1644 
retroperitoneal imaging, V2: 1194 
scrotal hernia, V2: 1390 
stomach, VI: 154-156 
vessel imaging, V2: 1200 
Hamartomas: 

breast, V2. 1709, 1711 
colonic polyps, VI: 832 
gastric polyps, VI: 736, 739-741 
mesenchymal, V2: 1620 
small intestine polyps, VI: 115, 111-118 
spleen, VI: 690, 693, 695-697 
Head imaging, fetal assessment: 

anomalies, V2. 1598-1599, 1601-1607 
normal development, V2: 1583 
Helicobacter pylori infection: 

gastric ulceration and gastritis, VI: 

161-164 
stomach carcinoids, VI: 759 



HELLP syndrome. See Hemolytic anemia, 
elevated liver function tests, 
and low platelets (HELLP) 
syndrome 
Hemangioendothelioma, fetal assessment, 

V2: 1620 
Hemangiomas: 

adrenal glands, V2. 993-994 
bladder lesiosn, V2: 1304 
cavernous, V2: 1416, 1420 
congenital, fetal assessment, V2: 1604, 

1607 
large intestine, infiltration, 

Kippel-Trenaunay syndrome, 
VI: 832, 841 
liver lesions: 

capsule-based, VI: 90, 101 
central filling, VI: 73, 84-85 
exophytic, VI: 101-103 
Gd-EOB-DTPA-enhanced imaging, VI: 

52, 54 
giant hemangioma, VI: 88, 97-99 
liver lesions, VI: 70, 72-73, 81, 

83-106 
metastases, differential diagnosis, VI: 

165, 177, 190 
multiple, VI: 72-73, 83 
perilesional enhancement, VI: 90, 101 
metastases, differential diagnosis, 
VI: 147-150 
portal vein compression, VI: 88, 100, 

391 
type 1 enhancement, VI: 85, 87 
type 2 enhancement: 

central nodular lesion, VI: 85, 91 
medium-sized lesion, VI: 85, 89-91 
small lesion, VI: 85-86 
small-sized slow-enhancing, VI: 88, 
94-95 
type 3 enhancement: 

medium-sized lesion, VI: 88, 92-94 
small lesion, VI: 85, 88 
small-sized slow-enhancing, VI: 88, 
95-96 
pancreatic islet cell tumors, differential 

diagnosis, VI: 593 
pelvic, V2: 1274, 1291-1292 
spleen, VI: 687-688, 691-693 
Hemangiopericytoma , retroperitoneal 

imaging, V2. 1266, 1273 
Hematocele, testes, scrotum and 

epididymis, V2. 1388, 1390 
Hematocolpometra : 

didelphys uterine anomaly, V2: 1441, 

1444_1446 
vaginal duplication, V2: 1412, 1414 
Hematogenous metastases: 

body wall, V2. 1274, 1284-1290 
ovarian endodermal sinus tumor, V2: 

1534, 1542 
peritoneum, V2: 924 
Hematomas: 

abdominal wall, V2: 121 A 

duodenal, VI: 816, 823 

hepatic transplantation, VI: 292, 294-295 

iliacus muscle, V2. 1274, 1279-1280 
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intramural dissecting, V2: 1201, 1204, 

1213 
liver trauma, VI: 438-442 
pelvic, V2. 936, 944 
perirenal, V2. 1156, 1158 
postmyomectomy, V2: 1456, 1465 
retroperitoneal, V2: 1249, 1251 
splenic laceration, VI: 715, 716-717 
subchorionic, in pregnancy, V2. 

1559-1560 
uterine, in pregnancy, V2: 1559-1560 
postpartum uterus, V2. 1575-1580 
Hematometra, vaginal agenesis/partial 

agenesis, V2: 1411-1412 
Hemochromatosis : 
primary: 

liver, VI: 354, 362, 365-368 
pancreas, Vh 546, 548-549 
secondary, liver imaging, VI: 368-374 
Hemodialysis: 

acquired cystic disease, V2: 1049, 1052, 

1061-1062 
nephrogenic systemic fibrosis 
prevention, V2: 1783 
Hemolytic anemia: 

adrenal gland myelolipoma, V2: 977, 

979-980, 988-990 
liver imaging, VI: 368, 374-375 
Hemolytic anemia, elevated liver function 
tests, and low platelets (HELLP) 
syndrome, liver imaging, VI: 
407, 410-411 
Hemorrhage: 

acute pancreatitis, VI: 632, 639-640 
adrenal glands, V2. 1019-1020 
adenomas, V2. 971, 982-983 
metastases, V2. 994-995, 998, 1000 
pseudocysts, V2. 984, 991-994 
cholecystitis, VI: 475-477 
fetal assessment: 

destructive lesions, V2: 1596-1601 
intraventricular, V2: 1598, 1600-1601 
hemangiomas and, VI: 88, 101, 103 
hepatocellular adenoma, VI: 51, 107, 

110-114 
kidney, V2. 1156, 1158 
liver metastases, VI: 165 
ovaries: 

clear cell carcinoma malignancies, V2\ 

1533, 1540 
endometriosis, V2: 1506-1507, 

1509-1512 
hydrosalpinx, V2: 1517 
paraovarian cysts, V2: 1504, 1508 
pelvic inflammatory disease, V2: 1514, 

1516-1517 
sex cord-stromal tumor malignancies, 
V2: 1542, 1545-1547 
prostate cancer therapy and, V2: 1368, 

1370 
psoas muscle, V2. 1274, 1276-1277 
renal cell carcinoma, V2: 1088-1094 

chronic renal failure, V2: 1098-1101 
retroperitoneum, imaging techniques, 

V2. 1193-1194 
small intestine, VI: 816, 819-823 



stages, VI: 442 

uterus, leiomyoma, V2: 1456, 1458-1459 
Hemorrhagic cystitis, bladder, V2: 1326, 

1329 
Hemorrhagic ovarian cysts, V2: 1500, 1503 
Hemorrhagic/proteinaceous renal cysts, 
V2. 1037, 1042-1047 
angiomyolipomas, V2: 1063, 1066 
dialysis, V2. 1049, 1052, 1062 
Hemorrhagic pseudocysts: 

chronic pancreatitis, VI: 656, 665 
spleen, VI: 683, 687-690 
Hemorrhagic telangiectasia, hepatic 
arteriovenous fistulas, VI: 
388-392 
Hemorrhoids, rectal varices and, VI: 838 
Hemosiderin deposition: 

bladder, hemorrhagic cysts, V2-. 1326, 

1329 
spleen imaging, VI: 678-681 
Hepatectomy, liver regeneration after, VI: 

256, 259 
Hepatic alveolar echinococcosis (HAE), 

VI: 430, 432-433 
Hepatic arterial dominant phase (HADP) 
imaging, gadolinium-based 
contrast agent, V2. 1114-1111 
Hepatic artery(ies): 

adrenal gland imaging, capillary phase 

enhancement, V2-. 964-968 
gadolinium-enhanced SGE images, VI: 

46, 49 
gadolinium-enhanced Tl -weighted 

sequences, VI: 10-13 
hepatic transplant complications, VI: 

287, 292 
hepatocellular carcinoma, VI: 192, 198, 

202 
imaging protocol for, VI: 16-20 
Mn-DPDP-enhanced SGE imaging, VI: 

46, 50 
obstruction, VI: 405, 407-408 
Hepatic cysts: 

autosomal dominant polycystic kidney 

disease, VI: 67, 71-72 
ciliated fore gut cysts, VI: 60, 66-70 
coexistent metastases, VI: 165, 190 
hemorrhagic cyst, VI: 60, 65 
hydatid cyst, echinococcal disease, VI: 

430-431 
multilocular cyst, VI: 60, 65-66 
solitary (nonparasitic), VI: 60-66 
unilocular cyst, VI: 60-61 
Hepatic parenchyma: 
chronic liver disease: 

autoimmune diseases, VI: 303-304, 
306-315 
autoimmune hepatitis, VI: 311-314 
primary biliary cirrhosis, VI: 

314-315 
primary sclerosing cholangitis, VI: 
303-304, 306-311 
genetic diseases, VI: 315-511 

a 1 -antitrypsin deficiency, VI: 315, 

317 
Wilson disease, VI: 315-318 



hemangiomas, VI: 101, 103-106 
nonalcoholic fatty liver disease, VI: 

317, 319-320 
radiation-induced hepatitis, VI: 321, 

331 
viral hepatitis, VI: 319, 321-330 
diseases: 

benign masses, VI: 60-121 

angiomyolipomas, VI: 67, 70, 80-81 
autosomal dominant polycystic 

kidney disease, VI: 67, 74-77 
biliary cystadenoma/ 

cystadenocarcinoma, VI: 67, 
77-78 
ciliated hepatic foregut cysts, VI: 

60, 66-70 
extramedullar hematopoiesis, VI: 

61, 79-80 

focal nodular hyperplasia, VI: 119, 

121-136 
hemangiomas, VI: 70, 72-73, 

81-106 
hepatocellular adenoma, VI: 107, 

109-118 
infantile hemangioendothelioma, 

VI: 106-109 
lipomas, VI: 70, 82 
peliosis hepatis, VI: 114-115, 

119-120 
solitary (nonparasitic cysts), VI: 

60-66 
malignant masses, VI: 121, 128, 

137-287 {See also Liver, 

metastases) 
ablative therapies, VI: 218-281 
angiosarcoma, VI: 240, 242, 249 
epithelioid hemangioendothelioma , 

VI: 251-253 
fibrolamellar carcinoma, VI: 

238-239 
hepatoblastoma, VI: 251, 253-255 
hepatocellular carcinoma, diffuse, 

VI: 212, 227-238 
hepatocellular carcinoma, focal, VI: 

188-189, 192-233 
intrahepatic/peripheral bile 

duct carcinoma 

(cholangiocarcinoma), VI: 

238-240, 242, 247-249 
liver metastases, VI: 121, 128, 

137-188 
lesional/perilesional 

enhancement, VI: 147-150 
MRI detection and 

characterization, VI: 127, 128, 

137-143 
MRI vs. CT, VI: 141-144 
MRI vs. CTAP, VI: 143, 145-147 
primary site features, VI: 

161-162, 164-192 
Tl vs. T2 images, VI: 143, 147 
vascularity and degree of 

enhancement, VI: 149, 151-164 
lymphoma, VI: 238, 240-245 
malignant mesothelioma, VI: 242, 

250-251 
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Hepatic parenchyma: (Contnued) 

multiple myeloma, VI: 238, 245-246 
postradiation therapy, VI: 257, 

262-263 
posttreatment lesions, VI: 256 
resections, VI: 256-262 
systemic chemotherapy, VI: 257, 

264-270 
transcatheter arterial 

chemoembolization, VI: 268, 
270-278 
undifferentiated sarcoma, VI: 251, 
256 
hepatic arterial dominant phase imaging, 
gadolinium-based contrast 
agent, V2: 1775-1777 
infectious disease: 

amebic (nonpyogenic) abscess, VI: 

430 
echinococcal disease, VI: 430-433 
fungal infection, VI: 433, 436-438 
metastases, secondary infection, VI: 

180, 188, 191-192 
mycobacterium avium intracellulare, 

VI: 433-435 
mycobacterium tuberculosis, VI: 433 
pyogenic abscess, VI: 418, 422-432 
inflammatory disease: 

hepatic transplantation complication, 

VI: 299-300 
inflammatory myofibroblastic tumor 
(pseudotumor), VI: 415, 
418-422 
sarcoidosis, VI: 414— 4l6 
Hepatic transplantation: 

bile duct obstruction following, VI: 292, 

299 
donor and recipient assessment, VI: 

287-292 
fibrosis, VI: 299, 304 
fungal infection, VI: 299, 305 
graft failure, VI: 287, 292 

liver abnormalities, VI: 299, 303-306 
hepatic arterial obstruction, VI: 405, 

407-408 
hepatocellular carcinoma recurrence, VI: 

299, 302 
inflammation following, VI: 299-300 
lymphoma, VI: 238, 241 
magnetic resonance 

cholangiopancreatography, bile 
duct anastomoses, VI: 519-520 
MR imaging, VI: 287-305 
posttransplant lymphoproliferative 

disorder, VI: 299-301 
vascular complications, VI: 292-298 
Hepatic venous system: 

gadolinium-enhanced Tl -weighted 
imaging: 
early phase, VI: 11 
interstitial phase, VI: 13 
hepatic transplantation, VI: 292-294 
hepatocellular carcinoma, VI: 192, 

198-202 
thrombosis, Budd-Chiari syndrome, VI: 
398, 401-405 



Hepatitis: 

acute hepatitis, VI: 321-324 

acute on chronic, VI: 321, 327-329 

autoimmune hepatitis, VI: 311-314 

chronic, VI: 321, 330 

diffuse hepatocellular carcinoma, 

differential diagnosis, VI: 235 
hepatitis B, VI: 321, 325 
hepatitis C, VI: 321, 325-327 
nonalcoholic steatohepatitis, VI: 319-320 
radiation-induced, VI: 321, 331 
viral hepatitis: 

hepatocellular carcinoma, VI: 202, 212 
imaging studies, VI: 319, 321, 330 
Hepatoblastoma, VI: 251, 253-255 
Hepatocellular adenoma (HCA): 
adenomatosis, VI: 114-118 
fatty liver and, VI: 380, 383 
hepatocyte-specific contrast agents, 

differential diagnosis, V2: 1768, 

1770-1771 
hypervascular liver metastases, 

differential diagnosis, VI: 111, 

180 
imaging studies, VI: 107, 109-118 
liver metastases, differential diagnosis, 

VI: 111, 180 
carcinoid tumor, VI: 164, 183-185 
Hepatocellular carcinoma (HCC): 
adrenal metastases, VI: 192, 199 
biliary cystadenoma/cystadenocarcinoma , 

differential diagnosis, VI: 67, 

77-78 
body wall metastases, V2: 1274, 

1284-1285 
carcinoid tumor, differential diagnosis, 

VI: 164, 183-185 
cholangiocarcinoma, differential 

diagnosis, VI: 239-240, 242, 

245-247 
cirrhosis, differential diagnosis, VI: 333 
dysplastic nodules, VI: 342, 346-354, 

357-358 
venous thrombosis formation, VI: 333 
diffuse infiltrative, VI: 212, 227, 234-238 
fatty liver and, VI: 380 
genetics, VI: 189 

hemochromatosis and, VI: 354, 367-368 
hepatic transplantation and recurrence 

of, VI: 299, 302 
hepatic vein thrombosis, VI: 405 
hepatocyte-specific contrast agents, 

imaging studies, V2: 1768 
hypervascular tumors, VI: 198, 202, 

218-223 
hypovascular tumors, VI: 192-194, 198, 

215-217 
incidence and prevalence, VI: 188-189, 

192 
mixed HCC-cholangiocarcinoma, VI: 

238-240, 242, 248-249 
MRI vs. CT imaging, VI: 192, 203-205 
multifocal tumors, VI: 192, 194-198, 

203-205 
peritoneal metastases, VI: 192, 200-201; 

V2: 918, 923-924, 931 



pleural metastases, VI: 192, 202 
radiofrequency ablation, VI: 278, 

280-286 
recurrence, VI: 256, 260-261 
solitary hypovascular tumor, VI: 

192-194 
transcatheter arterial chemoembolization, 

VI: 270, 274-278 
venous thrombosis, VI: 202, 212, 
224-232, 234-238 
cirrhosis differential diagnosis, VI: 333 
well-differentiated tumors, VI: 192, 
205-212 
Hepatocyte function: 

hepatocellular carcinoma, VI: 189 
MRI contrast agent targeting, VI: 50-58 
gadolinium-based contrast agents, V2: 
1111 
Hepatocyte-specific gadolinium-based 
contrast agents, V2: 1768, 
1770-1772, 1777 
Hepatomegaly, Reidel lobe, differential 

diagnosis, VI: 58-60 
Hepatosplenic candidiasis: 
acute, VI: 433, 435-436 
subacute, VI: 433, 436-437 
Hepatosplenic sarcoidosis, imaging studies, 

VI: 414-416 
Hepatosplenorenal histoplasmosis, VI: 

709-711 
Herlyn- Werner- Wunderlich syndrome, 
Gartner duct cyst, V2: 1416, 
1418-1419 
Hermaphroditis, gonadal differentiation 

anomalies, V2: 1415 
Hernias, V2: 904-909 

abdominal wall, V2. 904, 908-909, 1274 
Bochdalek hernia, V2. 904-905 
fetal assessment, V2. 1 604-1 605, 
1608-1609, 1612 
congenital diaphragmatic, V2: 
1604-1605, 1608-1609 
hiatus and internal, V2. 904, 906-907 
scrotal, V2. 1390 
small intestine, VI: 81 6, 827 
Herpes simplex virus (HSV), esophageal 

infection, VI: 731-734 
Heterotopias, congenital: 
fetal assessment: 

Chiari II malformation, V2. 1588-1592 
subependymal, V2: 1595 
stomach, VI: 736 
Heterozygous thalassemia, liver imaging, 

VI: 370, 374-375 
Hiatus hernia, V2: 904, 906-907 
Hilar lymphadenopathy, V2: 1 666-1 667 
Histiocytomas, retroperitoneal neoplasms, 

V2: 1265, 1271 
Histoplasmosis , hepatosplenorenal 

histoplasmosis, VI: 709-711 
Hodgkin lymphoma: 
kidneys, V2. 1106-1110 
liver metastases, VI: 238, 241 
retroperitoneal lymphadenopathy, V2: 

1253-1254 
spleen malignancies, VI: 693-694, 700 
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Holoprosencephaly, fetal assessment, V2. 

1585-1592 
Homogeneous high-signal-intensity 
enhancement, spleen, VI: 
678-681 
Hormone therapy, prostate cancer, V2\ 

1368-1369 
Horseshoe kidney, V2. 1032, 1034 
Human chorionic gonadotropin: 

gestational trophoblastic disease, V2. 

1578-1580, 1628-1629 
theca-lutein ovarian cysts, V2. 1504 
Human epidermal growth factor receptor 2 
(HER2), invasive ductal 
carcinoma, V2. 1723-1727 
Human immunodeficiency virus (HIV): 
colonic lymphoma, VI: 860, 867 
lymphoma, liver metastases, VI: 238, 
245 
Human papillomavirus, vaginal 

malignancies, V2: 141 6, 
1420-1426 
Hutch diverticula, bladder, V2: 1299 
Hydatid cyst: 

breast cysts, V2. 1701-1703 
liver imaging, VI: 430-431 
paraovarian cysts of Morgagni, V2: 1504, 

1508 
spleen, VI: 683, 687-690 
Hydatidiform mole, gestational 

trophoblastic disease, V2. 
1628-1629 
Hydranencephaly, fetal assessment, V2: 

1598, 1600 
Hydrocele, testes, scrotum and epididymis, 

V2: 1388-1392 
Hydrocephalus, fetal assessment, brain 

neoplasms, V2. 1598 
Hydronephrosis : 

bladder neurofibromas, V2: 1304 
fetal assessment, V2: 1613-1614 
in pregnancy, maternal imaging, V2: 
1564, 1566 
Hydrops, mesoblastic nephroma, V2: 1620 
Hydrosalpinx, V2. 1517 
Hydroureter, in pregnancy, V2: 1564 
21 -Hydroxylase deficiency, female 

pseudohermaphroditism, V2. 
1415-1416 
Hypergastrinemia, stomach carcinoids, VI: 

759 
Hyperintense gallstones, Tl -weighted 

imaging, VI: 464, 469 
Hyperplastic kidney, V2. 1032, 1037 
Hyperplastic polyps: 

gastric polyps, VI: 736, 739-741 
small intestine, VI: 115, 111-118 
Hypersplenism, littoral cell angioma, VI: 

688, 694 
Hypertrophic bladder, V2. 1324-1325 
Hypertrophic kidney, V2. 1032, 1037 
Hypertrophic rugal folds, VI: 76l, 765 
Hypervascular liver metastases, VI: 128, 

138-139. See also specific types 
of cancer 
chemotherapy-related, VI: 257, 264—270 



degree of enhancement and, VI: 149, 

151-162 
focal nodular hyperplasia/hepatic 

adenocarcinoma, differential 
diagnosis, VI: 111, 180 
hepatocellular carcinoma, VI: 198, 202, 
218-223 
small satellite tumors, VI: 217-218 
pancreatic adenocarcinoma, differential 

diagnosis, VI: 587-589 
perilesional enhancement, VI: 149-150 
Hypervascular renal tumors, V2: 1084, 

1086 
Hypoplasia, breast, V2. 1700-1701 
Hypoplastic kidney, V2. 1032, 1036 
Hypoplastic uterus, V2. 1441 
Hypoproteinemia, small intestine, VI: 81 6, 

824 
Hypospadias, V2. 1316 
Hypovascular liver metastases: 

chemotherapy-related, VI: 257, 264—270 
hepatocellular carcinoma, VI: 192-194, 

198, 215-217 
imaging studies, VI: 149, 152-156, 162 
Hypovascular renal tumors, V2: 1084, 

1087 
Hysterectomy: 

adenomyosis, V2. 1467 
vaginal malignancy recurrence, V2: 1416, 
1420-1426 
Hysterosalpingography, uterus, congenital 
anomalies, V2: 1440 

Idiopathic hemochromatosis: 

hepatocellular carcinoma and, VI: 354, 

367-368 
liver imaging: 

advanced disease, VI: 354, 362, 

365-366 
early stage, VI: 354, 362, 365 
Ileal carcinoid, VI: 779, 789 
Iliacus muscle: 

hematoma, V2. 1274, 1279-1280 
melanoma metastases, V2. 1273, 1276 
Iliac vessels: 

MR imaging, V2. 1198-1200 
stenosis, V2. 1204, 1207, 1216-1218 
thrombosis, V2. 1204, 1207, 1222-1223 
Imperforate anus, reconstruction, VI: 827, 

834 
Incisional hernia, abdominal wall imaging, 

V2. 904, 909 
Indiana pouch, bladder reconstruction, V2: 

1331, 1336 
Infantile hemangioendothelioma (IHE), 

imaging studies, VI: 106-109 
Infants (under 1.5 years), MR imaging 

techniques, V2: 1645 
Infarct, splenic, VI: 719-722 
Infectious colitis, VI: 883-884, 888-892 
Infectious disease: 

cholangitis, VI: 499, 502-507 

cholangiocarcinoma incidence and, 
VI: 515 
esophagus, VI: 731-734 
female urethra, V2. 1407-1408 



hepatic parenchyma: 

amebic (nonpyogenic) abscess, VI: 

430 
echinococcal disease, VI: 430-433 
fungal infection, VI: 433, 436-438 
metastases, secondary infection, VI: 

180, 188, 191-192 
mycobacterium avium intracellulare, 

VI: 433-435 
mycobacterium tuberculosis, VI: 433 
pyogenic abscess, VI: 418, 422-432 
kidneys: 

abscess, V2. 1142, 1144, 1149-1152 
acute pyelonephritis, V2: 1142, 

1147-1149 
malakoplakia, V2. 1153-1154 
pyonephrosis, V2: 1155-1156 
renal candidiasis, V2: 1155 
xanthogranulomatous pyelonephritis , 

V2. 1151-1152 
large intestine: 

abdominoperineal resection, VI: 892, 

894-895 
abscess formation, VI: 874, 876-877, 

881-886 
appendiceal abscess, VI: 874, 881 
appendicitis, VI: 874, 879-881 
colonic fistulae, VI: 883, 887-888 
Crohn colitis, VI: 869, 872-874 
diverticulitis, VI: 869, 874-879 
infectious colitis, VI: 883-884, 

888-892 
radiation enteritis, VI: 888, 892-894 
rectal surgery, VI: 892, 894-895 
ulcerative colitis, VI: 867-868, 

870-871 
pancreas, VI: 664-661 

pancreatic transplants, VI: 671-673 
penis and urethra, V2. 1380 
peritoneum: 

abscess, V2. 949, 951, 954-959 
mesenteric panniculitis, V2. 946, 950 
pancreatitis, V2. 940-942, 946, 949 
peritonitis, V2. 949, 951-953 
prostate gland, V2. 1373-1374 
seminal vesicles, V2: 1383 
small intestine: 

Crohn disease, VI: 784-785, 791, 

793-805 
drug toxicity, VI: 810, 817 
eosinophilic gastroenteritis, VI: 809 
fistula, VI: 810, 812-813 
gluten-sensitive enteropathy, VI: 799, 

807-809 
graft- versus-host disease, VI: 816-817, 

828-829 
hernia, VI: 816, 827 
hypoproteinemia, VI: 816, 824 
infectious enteritis, VI: 810, 813-814 
inflammatory bowel disease, VI: 782, 

784 
intussusception, VI: 816, 825-826 
ischemia and hemorrhage, VI: 81 6, 

819-823 
pancreatitis, VI: 810, 815 
pouchitis, VI: 810 
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Infectious disease: {Continued) 

radiation enteritis, VI: 815-816, 818 
scleroderma, VI: 809 
ulcerative colitis, VI: 796, 799, 806 
spleen, VI: 709-711 
stomach, VI: 761-764 
testes, scrotum and epididymis, V2: 

1397-1398 
tubo-ovarian abscess, V2: 1514, 
1516-1517 
Infectious enteritis, small intestine, VI: 

810, 813-814 
Inferior vena cava, retroperitoneal imaging, 
V2: 1216, 1223, 1229 
congenital anomalies, V2: 1223, 

1229-1230 
primary malignant tumors, V2\ 

1237-1241 
venous thrombosis, V2: 1229-1237 
Inflammatory aortitis, V2: 1201, 1207 
Inflammatory bowel disease (IBD): 
gastrointestinal tract imaging, VI: 725 
pregnancy and, VI: 868, 871 
primary sclerosing cholangitis, VI: 494, 

497-502 
small intestine, VI: 782, 784 
Inflammatory breast carcinoma (IBC), V2: 

1737, 1739 
Inflammatory disease: 
adrenal glands, V2. 1019 
bladder, V2. 1326-1330 
esophagus: 

corrosive esophagitis, VI: 731 
radiation esophagitis, VI: 730-731 
reflux esophagitis, VI: 729-730, 732 
female urethra, V2. 1407-1408 
hepatic parenchyma: 

hepatic transplantation complication, 

VI: 299-300 
inflammatory myofibroblastic tumor 
(pseudotumor), VI: 415, 
418-422 
sarcoidosis, VI: 414— 4l6 
large intestine: 

abdominoperineal resection, VI: 892, 

894-895 
abscess formation, VI: 874, 876-877, 

881-886 
appendiceal abscess, VI: 874, 881 
appendicitis, VI: 874, 879-881 
colonic fistulae, VI: 883, 887-888 
Crohn colitis, VI: 869, 872-874 
diverticulitis, VI: 869, 874-879 
infectious colitis, VI: 883-884, 

888-892 
radiation enteritis, VI: 888, 892-894 
rectal surgery, VI: 892, 894-895 
ulcerative colitis, VI: 867-868, 870-871 
pancreas, VI: 625 

miscellaneous conditions and 
infections, VI: 664-667 
pancreatic transplants, VI: 671-675 
pancreatitis, VI: 625 

acute, VI: 625, 628, 636-647 
autoimmune pancreatitis, VI: 656, 
664, 666 



chemtherapy-induced, VI: 664-667 
chronic, VI: 640, 648-665 
hemorrhagic, VI: 632, 640-641 
mild, VI: 625, 632-635 
pseudocyst, VI: 632, 642-647 
pelvic inflammatory disease, 

tubo-ovarian abscess, V2. 1514, 
1516-1517 
penis and urethra, V2. 1380-1381 
peritoneum: 

abscess, V2. 949, 951, 954-959 
mesenteric panniculitis, V2: 946, 950 
pancreatitis, V2 940-942, 946, 949 
peritonitis, V2. 949, 951-953 
primary sclerosing cholangitis, VI: 494, 

497-502 
prostate gland, V2. 1373-1374 
small intestine: 

Crohn disease, VI: 784-785, 791, 

793-805 
drug toxicity, VI: 810, 817 
eosinophilic gastroenteritis, VI: 809 
fistula, VI: 810-813, 812-813 
gluten-sensitive enteropathy, VI: 799, 

807-809 
graft- versus-host disease, VI: 816-817, 

828-829 
hernia, VI: 816, 827 
hypoproteinemia, VI: 816, 824 
infectious enteritis, VI: 810, 813-814 
inflammatory bowel disease, VI: 782, 

784 
intussusception, VI: 816, 825-826 
ischemia and hemorrhage, VI: 81 6, 

819-823 
pancreatitis, VI: 810, 815 
pouchitis, VI: 810 
radiation enteritis, VI: 815-816, 818 
scleroderma, VI: 809 
ulcerative colitis, VI: 796, 799, 806 
stomach, VI: 761-764 
Inflammatory myofibroblastic tumor: 
bladder lesions, V2. 1304 
hepatic inflammatory disease, VI: 415, 
418-422 
Inflammatory polyps, small intestine, VI: 

775, 777-778 
Infrarenal aorta, thrombotic occlusion, V2. 

1204, 1207, 1219-1221 
Inguinal hernia: 

abdominal wall imaging, V2: 904, 908 
small intestine, VI: 81 6, 827 
Initial qualitative enhancement, breast 

cancer imaging, V2: 1723 
Insulinomas, pancreatic imaging, VI: 601, 

603-606 
Internal hernia, V2: 904, 906-907 
International Organization for the Study of 
Inflammatory Bowel Disease 
(IOIBD), MRI criteria, VI: 796, 
803 
Interstitial phase imaging: 

adrenal pheochromocytomas, V2: 

1006-1111 
gadolinium-based contrast agents, V2. 
1776-1777 



hypervascular liver metastases, VI: 149, 

157-162 
kidneys: 

candidiasis infection, V2. 1155 
medullary sponge kidney, V2: 1049, 

1060 
transitional cell carcinoma, V2. 

1159-1165 
xanthogranulomatous pyelonephritis , 
V2. 1152 
renal artery disease, V2. 1137 
Intraabdominal abscess: 

imaging studies, VI: 874, 884 
peritoneal inflammation, V2: 949, 951, 
954-959 
Intracellular agents, gadolinium-based, V2: 

1768-1774 
Intracranial neoplasms, fetal assessment, 

V2 1598 
Intraductal papillary mucinous neoplasms 
(IPMN), VI: 614 
main duct type, VI: 6 14—6 17 
serous cystadenoma, differential 

diagnosis, VI: 612 
side-branch type, VI: 615, 618-621 
Intraductal papilloma, breast imaging, V2: 

1707-1709, 1738 
Intraluminal contrast agent: 

peritoneal abscess imaging, V2. 951, 

954-959 
rectal imaging, VI: 827, 831 
intramural dissecting hematoma, V2: 1201, 

1204, 1213 
Intrapericardial neoplasms, fetal 
assessment, V2. 1612 
Intraperitoneal varices, cirrhosis, VI: 348, 

351, 359 
Intrathoracic imaging techniques, V2. 

1653-1654 
Intrauterine contraceptive devices: 

pelvic inflammatory disease, V2: 1514, 

1516-1517 
uterine imaging, V2. 1433 
Intrauterine growth retardation, twin 

pregnancies, V2. 1623 
Intravenous urography (IVU), magnetic 
resonance urography vs., VI: 
1188 
Intussusception: 

colonic duplication, VI: 827, 832 
colonic lipoma, VI: 832, 840 
large intestine lipomas, VI: 832, 

839-841 
small intestine: 

inflammatory/infectious disease, VI: 

816, 825-826 
polyps, VI: 775, 777-778 
Invasive ductal carcinoma (IDC): 
breast implants, V2. 1754-1756 
classification and staging, V2: 1723-1731 
neoadjuvant chemotherapy, V2: 1749, 

1753 
postoperative MRI, V2: 1744, 1746-1749 
Invasive lobular carcinoma (ILC), 

classification and staging, V2. 
1727, 1731-1733 
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Inversion pulse: 

fat-suppressed echo-train spin-echo 

sequences, VI: 9-10 
magnetization-prepared rapid-acquisition 
gradient echo sequences, VI: 
5-6 
vessel imaging, V2: 1200 
Inverted teardrop sign, breast implant 

rupture, V2: 1759 
Iodine-based contrast agents, V2: 1767 
Iron-based contrast agents, V2: 
1777-1779 
large intestine imaging, VI: 896-897 
Iron-containing structures, out-of-phase 
(opposed-phase) spoiled 
gradient echo sequence 
detection, VI: 4-5 
Iron deposition: 
liver: 

cirrhosis, VI: 370 

coexisting fat and, VI: 371, 376 

genetic idiopathic hemochromatosis, 

VI: 354, 362, 365-368 
secondary hemochromatosis: 
hemolytic anemia, VI: 368, 370, 

374-375 
transfusional iron overload, VI: 
368-373 
pancreas, primary hemochromatosis, VI: 

546, 548-549 
renal parenchyma, V2: 1121, 1125-1127 
spleen imaging, VI: 678-681 
Iron oxides. See Superparamagnetic iron 
oxide particles (SPIO); 
Ultrasmall paramagnetic iron 
oxide particles 
Ischemia: 

cerebral, fetal assessment, V2: 

1596-1601 
hepatic arterial obstruction, VI: 405, 

407-408 
small intestine, VI: 816, 819-823 
Ischemic nephropathy, V2: 1129, 1131, 

1134, 1139 
Islet cell tumors: 

accessory spleen, differential diagnosis, 

VI: 681-685 
pancreatic, VI: 590-598 
ACTHoma, VI: 601, 605 
duct obstruction, VI: 592 
gastrinomas, VI: 591, 598-600 
glucagonoma, VI: 601, 604 
insulinomas, VI: 601, 603 
liver metastases, VI: 591, 593-596 
somatostatinoma, VI: 601, 604—605 
thrombus, VI: 591, 593, 597 
undifferentiated, VI: 601 
VIPomas, VI: 601, 606 
pancreatic adenocarcinoma, differential 
diagnosis, VI: 587-589 
Isovascular liver metastases: 

hepatocellular carcinoma, VI: 198, 

215-217 
imaging studies, VI: 149, 151 
Ivemark syndrome (asplenia), MR imaging, 
VI: 681, 685 



Jejeunal atresia, fetal assessment, V2: 

1615 
Joubert syndrome, fetal assessment, V2: 

1593-1597 
Juvenile hypertrophy, breast, V2: 

1700-1701 
Juvenile polyposis syndrome, colonic 

adenomatous polyps, VI: 832 
Juxtarenal process, V2: 1172-1173 

Kaposi sarcoma, VI: 748, 756 

Karyotype analysis, gonadal differentiation 

anomalies, V2: 1415 
Kasabach-Merritt sequence, fetal 
assessment, V2: 1620 
Kawasaki disease, retroperitoneal benign 
lymphadenopathy, V2: 
1249-1250 
Kidneys. See also Renal parenchyma 
benign masses: 

adenomas, V2. 1068 
cysts, V2. 1035, 1037-1064 
acquired dialysis-related cystic 
disease, V2. 1049, 1052, 
1061-1062 
angiomyolipoma, V2: 1063-1068 
autosomal dominant polycystic 

kidney disease, V2. 1044, 1047, 
1052-1056 
autosomal recessive polycystic 
kidney disease, V2. 1047, 
1056-1058 
calcified cysts, V2. 1042, 1048 
complex cysts, V2: 1037, 

1040-1041 
fetal assessment, V2: 1614— 1616 
hemhorragic/proteinaceous cysts, 

V2. 1037, 1042-1047 
medullary cystic disease, V2: 1049, 

1059-1060 
medullary sponge kidney, V2: 1049, 

1060 
multicystic dysplastic kidney, V2: 

1047-1049, 1058 
multilocular cystic nephroma, V2: 

1060, 1063-1064 
perinephric pseudocysts (parapelvic 

cysts), V2. 1042, 1044, 1050 
septated cysts, V2. 1042, 1047 
simple renal cysts, V2: 1035, 1037 
thickened wall and infiltration, V2: 

1043, 1049 
tuberous sclerosis, V2: 1066, 

1069-1071 
von Hippel-Lindau disease, V2: 
1066, 1068, 1072 
myelofibrosis, extramedullary 

hematopoiesis, V2. 1068, 1073 
oncocytomas, V2. 1068, 1072 
pattern recognition, V2: 1037 
collecting system, filling defects, V2: 

1159, 1166-1169 
congenital anomalies, V2: 1031-1036 

seminal vesicles and, V2: 1382, 1384 
end-stage kidney disease, V2. 1138, 
1146-1147 



fetal assessment: 

anomalies, V2. 1612-1613 
normal development, V2: 1584—1585 
hemorrhage, V2: 1156-1158 
infectious disease: 

abscess, V2. 1142, 1144, 1149-1152 
acute pyelonephritis, V2: 1142, 

1147-1149 
malakoplakia, V2. 1153-1154 
pyonephrosis, V2. 1155-1156 
renal candidiasis, V2: 1155 
xanthogranulomatous pyelonephritis , 
V2: 1152 
malignant masses: 

carcinoid tumor, V2: 1109, 1111 
granulocytic sarcoma, V2: 1109, 1111 
lymphoma, V2. 1103, 1106-1110 
renal cell carcinoma, V2: 1073-1098 
chronic renal failure, V2: 1098-1101 
MR imaging, V2. 1098, 1102 
radiofrequency ablation, V2: 

1088-1089, 1095-1096 
recurrence, V2. 1089, 1096-1097 
staging, V2. 1073-1095 
small cell carcinoma, V2: 1110, 1113 
Wilms tumor (nephroblastoma), V2: 
1102-1106 
metastases to, V2: 1112, 1114-1115, 

1159 
MR imaging technique, V2: 1025-1031 
normal anatomy, V2: 1025-1030 
pediatric imaging, V2: 1650 
renal collecting system dilation, V2: 

1164, 1169-1172 
renal function, V2. 1173, 1175-1177 
transplants, VI: 671-673, 1173, 

1177-1188 
trauma, V2: 1112-111 A 

perinephric pseudocysts, V2: 1042 
Kippel-Trenaunay syndrome, 

hemangiomatous infiltration, 
VI: 841 
Klatskin tumors: 

bile duct imaging, VI: 515-518, 522-526 
biliary stent and, VI: 526-527 
Klebsiella spp., prostate infection, V2: 

1373-1374 
Krukenberg tumor, ovarian metastases, V2: 
1547, 1550 

LAO projection data, magnetic resonance 

angiography, V2: 1684 
Laparoscopic imaging, ovaries, MRI vs., 

V2: 1506-1507 
Large intestine. See also Colon cancer 
benign masses: 

hemangiomatous infiltration, 

Kippel-Trenaunay syndrome, 
VI: 841 
lipomas, VI: 832, 839 
mesenchymal neoplasms 

(miscellaneous), VI: 832, 841 
mucocele, VI: 832, 838, 841-842 
polyps/polyposis syndromes, VI: 829, 

832, 835-838 
varices, VI: 838 
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Large intestine {Continued) 
congenital anomalies: 

anorectal anomalies, VI: 827, 833 
duplication, VI: 827, 832 
malrotation, VI: 827 
inflammatory and infectious disease: 
abdominoperineal resection, VI: 892, 

894-895 
abscess formation, VI: 874, 876-877, 

881-886 
appendiceal abscess, VI: 874, 881 
appendicitis, VI: 874, 879-881 
colonic fistulae, VI: 883, 887-888 
Crohn colitis, VI: 869, 872-874 
diverticulitis, VI: 869, 874-879 
infectious colitis, VI: 883-884, 

888-892 
radiation enteritis, VI: 888, 892-894 
rectal surgery, VI: 892, 894-895 
ulcerative colitis, VI: 867-868, 
870-871 
malignant masses {See also Rectal 

cancer; specific cancers, e.g. 
Colon cancer) 
adenocarcinoma, VI: 843-865 
TNM staging, VI: 843 
metastases to, VI: 867, 869 

gastrointestinal stromal tumors, VI: 
860, 866 
MR imaging techniques, VI: 824, 
827 
intraluminal contrast agents, VI: 892, 
895-897 
normal anatomy, VI: 823-824, 827, 
830-831 
Late hepatic arterial phase (LHAP), 

gadolinium-based contrast 
agent, V2: 1774-1777 
Leiomyomas: 

bladder, V2: 1300, 1302-1303 
broad ligament, V2: 1449, 1453-1454 
esophageal imaging, VI: 726-728 
female urethra, V2: 1403 
ovaries: 

benign neoplasms, V2: 1525-1526 
malignant transformation, V2: 1545, 
1548 
small intestine, VI: 775, 780 
stomach, VI: 736 
uterine, V2. 1449, 1451-1469 

adenomyosis, differential diagnosis, 

V2. 1467, 1469 
classification, V2: 1451 
endometrial carcinoma, V2: 1468, 

1470, 1473 
hemorrhagic degeneration, V2: 1456, 

1458-1459 
intramural, V2: 1449, 1451 
malignancy, V2: 1456, 1465-1466 
MR imaging appearance, V2: 

1452-1469 
in pregnancy, maternal imaging, V2: 

1564, 1567-1570 
submucosal, V2. 1451-1452, 1454, 
1456-1469 
vaginal, V2. 1416, 1423 



Leiomyosarcoma : 

inferior vena cava, V2: 1237-1241 
peritoneal metastases, V2. 918, 923-924, 

930-931 
retroperitoneal neoplasms, V2: 

1265-1270 
uterine, V2. 1456, 1465-1466 
Lesser sac, intraperitoneal fluid, malignant 

disease, V2. 936, 941 
Leukemia, bone metastases, V2: 1274, 

1288-1290 
Linear gadolinium-based contrast agents, 

V2. 1768-1774 
Linguine sign, breast implant rupture, V2: 

1759 
Linitus plastica gastric carcinoma, VI: 738, 

741, 750-751 
Lipoleiomyoma, uterus, V2: 1456, 1464 
Lipomas: 

body wall masses, V2. 1274, 1283 

breast cancer, V2. 1159-1140 

cecal, VI: 832, 839 

colonic, VI: 832, 840 

fatty liver differential diagnosis, VI: 

383 
fetal assessment: 

brain, V2. 1598-1599 
ventriculomegaly, V2: 1588-1592 
liver lesions, VI: 70, 82 
pancreatic, VI: 551-556 
peritoneal, V2. 910 
small intestine, VI: 115 
stomach, VI: 156, 738, 741 
testicular, V2. 1386, 1388, 1390 
Lipomatosis: 

mesenteric, V2: 910 
pelvic, bladder involvement, V2: 1326, 
1329-1330 
Liposarcoma, retroperitoneal, V2: 

1265-1266, 1271 
Lissencephaly, fetal assessment, V2: 

1595-1596 
Littoral cell angioma (LCA), spleen, VI: 

688, 694 
Liver. See also Hepatic cysts; Hepatic 

parenchyma; Hepatocellular 
carcinoma (HCC) 
abscess: 

amebic (nonpyogenic), VI: 430 
infectious cholangitis, VI: 502, 

506-507 
metastases, secondary infection, VI: 

180, 188, 191-192 
pyogenic, VI: 418, 422-432 
arteriovenous fistulas, VI: 388-392 
biliary tree air, VI: 411, 413 
cirrhosis, VI: 321, 331-362 

iron overload, VI: 370 
congestive heart failure, VI: 408, 

411-413 
contrast agents, VI: 50-58 
diaphragmatic insertion imaging, VI: 58, 

60 
diffuse hyperperfusion abnormality, VI: 

389-391, 411, 414-415 
fat and iron deposition, VI: 371, 376 



fatty liver, VI: 371, 373, 377-387 
fetal assessment, V2. 1604, 1612 
fibrosis, renal cysts, V2: 1614— l6l6 
neoplasms, V2: 1620 
focal hyperperfusion abnormality, VI: 

414-417 
gas bubbles, ablative therapies, VI: 

286-287 
genetic disease, VI: 315-318 

a 1 -antitrypsin deficiency, VI: 315, 

317 
Wilson disease, VI: 315-318 
hepatic arterial obstruction, VI: 405, 

407-409 
hepatic venous thrombosis: 

hepatic vein thrombosis, VI: 405 
hepatocellular carcinoma, VI: 202, 
224-232 
iron overload: 
cirrhosis, VI: 370 
genetic idiopathic hemochromatosis, 

VI: 354, 362, 365-368 
secondary hemochromatosis: 
hemolytic anemia, VI: 368, 370, 

374-375 
transfusional iron overload, VI: 
368-373 
laceration, hepatic transplantation 

complication, VI: 292, 296 
lateral segment elongation imaging, VI: 

58, 60 
lesions: 

pattern recognition, VI: 51 
posttreatment, VI: 256 
metastases to {See also Liver metastases 
under specific cancers) 
ablative therapies, VI: 278-287 
adrenal cortical carcinoma, V2: 998, 

1006 
adrenal gland neuroblastoma, V2: 

1013-1017 
angiosarcoma, VI: 240, 242, 249 
avascular, VI: 149, 152 
benign lesions, differential diagnosis, 

VI: 165, 177, 190 
bile duct carcinoma 

(cholangiocarcinoma), VI: 
238-240, 242, 247-249 
biliary hamartoma, differential 

diagnosis, VI: 67, 73-77 
capsule-based metastases, VI: 165, 
189 
hepatocellular carcinoma, VI: 202, 
224, 232-233 
chemotherapy-related, VI: 257, 

264-270 
coexistent cysts, VI: 165, 190 
colon adenocarcinoma, VI: 843, 845, 

858, 860 
cryotherapy, VI: 278, 286-287 
epithelioid hemangioendothelioma , 

VI: 251-253 
in fatty liver, VI: 128, 140-142 
fatty liver, imaging interference, VI: 

371, 377-379 
fibrolamellar carcinoma, VI: 238-239 
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focal nodular hyperplasia/ 

hepatocellular adenoma, 

differential diagnosis, VI: 177, 

180 
hemangiomas, VI: 90, 101 
hepatoblastoma, VI: 251, 253-255 
hepatocellular carcinoma, VI: 

188-189, 192-233 
differential diagnosis, VI: 235 
hypervascular metastases, VI: 128, 

138-139 
hypovascular cystic metastases, VI: 

149, 152-153 
insulinoma, VI: 601 
islet cell tumors, VI: 594-597, 601, 

604-606 
lymphoma, VI: 238, 240-245 
malignant mesothelioma, VI: 242, 

250-251 
melanoma, in fatty liver, VI: 128, 

142 
MR imaging techniques, VI: 121, 128, 

137-147 
computed tomography arterial 

portography vs., VI: 143, 

145-147 
computed tomography vs., VI: 

141-144 
coronal images, VI: 128, 143 
detection and characterization, VI: 

128, 137-143 
lesional/perilesional enhancement, 

VI: 147-150 
vascularity and degree of 

enhancement, VI: 149, 151-162 
mucinous cystadenoma/ 

cystadenocarcinoma, VI: 

614-616 
multiple myeloma, VI: 238, 245-246 
pancreatic adenocarcinoma, VI: 552, 

580, 584-587 
pancreatic gastrinomas, VI: 591, 

598-602 
pancreatic islet cell tumors, VI: 591, 

593-596 
perfusional defect imaging, VI: 143, 

147, 398-400 
postradiation therapy, VI: 257, 

262-264 
posttreatment, VI: 256 
pyogenic abscess, differential 

diagnosis, VI: 418, 430 
rectal carcinoid tumors, VI: 867-868 
resection, VI: 256-262 
secondary infection, VI: 180, 188, 

191-192 
small intestine carcinoids, VI: 119, 

790-791 
transcatheter arterial 

chemoembolization, VI: 268, 

270-278 
undifferentiated sarcoma, VI: 251, 256 
MR imaging: 

basic technique, VI: 46-50 
gadolinium-based contrast agents, V2: 

1768, 1770-1772 



gadolinium-enhanced Tl -weighted 
images, hepatic arterial 
dominant (capillary) phase, VI: 
10-13 
protocol for, VI: 16-20 
whole body imaging, VI: 36, 39 
mucopolysaccharidoses, VI: 384, 

387-388 
normal anatomy, VI: 45-46 

variations, VI: 58-60 
pediatric imaging, V2: 1649 
porta hepatis lymphadenopathy, VI: 

352, 354, 362-364 
portal venous air, VI: 411, 413 
portal venous obstruction/thrombosis, 
VI: 388, 391, 393-400 
hepatocellular carcinoma, VI: 202, 
224-232 
postradiation therapy, VI: 257, 262-264 
preeclampsia and eclampsia, VI: 407, 

410-411 
resection, VI: 256-262 
systemic chemotherapy, VI: 257, 

264-270 
transcatheter arterial chemoembolization, 

VI: 268, 270-278 
transplantation, MR imaging, VI: 

287-305 
trauma, VI: 438-442 

hepatic cysts, VI: 60, 65-66 
Liver adenomatosis, VI: 114—118 
Lobar/semilobar holoprosencephaly, fetal 

assessment, V2: 1589-1592 
Lobular carcinoma in situ (LCIS), benign 
breast lesions, V2: 1719, 
1721-1722 
Lobular intraepithelial neoplasia (LIN), 

fibroadenomas, V2. 1702-1706 
Lower esophageal sphincter (LES), 
achalasia, VI: 729-730 
Lung cancer: 

liver metastases, VI: 151, l6l 

squamous cell lung cancer, VI: 162, 
175-176 
MR imaging techniques, V2: 1654-1661 
pancreatic metastases, VI: 619, 625, 

629-630 
pulmonary nodules, V2: 1654, 1657, 

1662-1665 
small intestine metastases, VI: 782, 792 
splenic metastases, VI: 701, 703-706 
stomach metastases, VI: 760 
Lung imaging, fetal assessment, normal 

development, V2: 1583 
Lymphadenopathy: 

adrenal glands, retroperitoneal, V2: 

1017, 1019 
colon cancer, VI: 858, 860 
lymphoma, VI: 860, 867 
endometrial carcinoma, V2: 1474-1481 
hilar and mediastinal, V2: 1 666-1 667 
MRI signal intensity and, VI: 1-2 
pancreatic adenocarcinoma, VI: 552, 

577-578, 580, 584 
peritoneal metastases, V2: 924-925, 
934-935 



porta hepatis lymphadenopathy, VI: 

352, 354, 359, 362-364 
retroperitoneum: 

benign masses, V2: 12A1-1250 
Hodgkin lymphoma, V2. 1253-1254 
malignant metastatic, V2: 1258-1263 
spleen, lymphoma metastases, VI: 694, 
699-703 
Lymphangiomas : 

fetal assessment, V2. 1598, 1603 
pelvic, V2. 1274, 1291-1292 
spleen, VI: 693 
Lymphatic dissemination: 
ovarian malignancies: 

epithelial tumors, V2. 1532-1533 
metastases to, V2. 1547, 1549-1550 
peritoneal metastases, V2: 924-925, 
934-935 
carcinoid tumors, V2: 936-938 
pseudomyxoma peritonei, V2: 
936-938 
testicular cancer, V2: 1391-1396 
Lymph nodes: 

adrenal gland neuroblastoma, V2. 

1013-1017 
bladder cancer, transitional cell 

carcinoma, V2: 1307-1316 
breast, V2. 1712-1714 
cervical cancer metastases, V2: 

1486-1488 
colon cancer imaging, VI: 843, 848 
endometrial carcinoma, V2: 1474-1481 
magnetic resonance lymphography, VI: 

896-897 
ovarian malignancies, epithelial tumors, 

V2: 1532-1533 
pancreatic adenocarcinoma involvement, 

VI: 575, 578, 580, 584 
prostate cancer metastases, V2: 

1368-1373 
psoas muscle tumors, V2: 1271, 

1273-1274 
retroperitoneal necrotic malignant, V2: 
1258, 1262-1263 
Lymphocele: 

inferior vena cava thrombus, V2: 1237 
renal transplants, V2. 1178, 1182, 1185 
Lymphoma. See also Hodgkin lymphoma; 
Non-Hodgkin lymphoma 
adrenal glands, V2. 1017, 1019 
bile duct/ampulla metastases, VI: 520 
bladder, V2. 1316, 1321 
body wall, V2. 1274, 1284-1290 
breast cancer, V2: 1141-1143 
colorectal malignancies, VI: 860, 867 
kidneys, V2. 1103, 1106-1110 
liver metastases, VI: 238, 240-245 
angiotropic intravascular, VI: 238, 

242 
Burkitt lymphoma, VI: 238, 243-244 
HIV patient, VI: 238, 245 
post-hepatic transplantation, VI: 238, 

241 
primary hepatic, VI: 238, 244 
ovarian, V2. 1545, 1548-1549 
renal pelvis and ureter, V2. 1159 
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Lymphoma {Continued) 

retroperitoneal malignant masses, V2: 

1253-1257 
small intestine, VI: 779, 786-791 
spleen malignancies, VI: 693-694, 
699-703 
direct tumor invasion, VI: 704-705 
testicular, V2: 1395-1396 
vaginal, V2: 1421, 1424 

Macrocystic serous cystadenoma, MR 

imaging, VI: 607, 611-612 

Macrocytic gadolinium-based contrast 

agents, V2. 1768-1774 
Magnetic field strength: 

breast MRI imaging, V2: 1692-1693 
pediatric MRI, V2. 1644 
Magnetic resonance angiography (MRA): 
aortic imaging: 

abdominal aortic aneurysm, V2: 

1201-1207 
aortic dissection, V2. 1201, 1208-1212 
chest imaging, V2: 1654 
hepatic transplantation protocol, VI: 

287-289, 292 
hepatocyte-specific contrast agents, V2: 

1768 
inferior vena cava, V2: 1223, 1228-1230 
malignancies vs. thrombus, differential 

diagnosis, V2. 1240-1241 
thrombus, V2. 1232-1237 
insulinomas, VI: 601 
kidney imaging, V2: 1029 

transplants, V2: 1177-1184 
liver, arteriovenous fistulas, VI: 388-392 
pancreatic imaging, VI: 540 

pancreatic transplants, VI: 671-673 
pulmonary emboli, V2: 1673, 1675-1 677 
pulmonary vascular abnormalities, V2: 

1673, 1678-1684 
renal artery disease, V2: 1129, 

1131-1133 
retroperitoneal imaging, V2: 1194 

vessels, V2. 1194-1200 
small intestine, ischemia and 

hemorrhage, VI: 816, 819-823 
thoracic, V2. 1673, 1679-1684 
Magnetic resonance cholangiography, 

echo-train spin-echo sequences, 
VI: 1 
Magnetic resonance 

cholangiopancreatography 
(MRCP). See also 
Secretin-enhanced MRCP 
3T MR imaging, 8-channel torso coil, VI: 

35-37 
bile duct: 

benign disease: 

AIDS-related cholangiopathy, VI: 

505 
ampullary adenoma, VI: 511, 516 
ampullary fibrosis, VI: 489, 

495-496 
ampullary stenosis, VI: 489 
Caroli disease, VI: 505, 511-513 
cholecdocholithiasis, VI: 488-492 



choledochal cyst, VI: 505, 508-510 
choledochocele, VI: 505, 511 
cysts, VI: 505 
infectious cholangitis, VI: 499, 

502-507 
mass lesions, VI: 511, 514-520 
papillary adenoma, VI: 511, 515 
papillary dysfunction, VI: 489, 493, 

497 
postsurgical complications, VI: 511, 

514-515, 517-520 
primary sclerosing cholangitis, VI: 

494, 497-502 
sclerosing cholangitis, VI: 493-494 
imaging studies, VI: 483-488 

pitfalls, VI: 489, 493-494 
malignant disease: 

carcinoma , intrahepatic/peripheral 
metastases, VI: 238-240, 242, 
247-249 
cholangiocarcinoma, VI: 515-518, 

521-526 
metastases to, VI: 530 
periampullary/ampullary carcinoma, 
VI: 518, 520, 527-530 
pitfalls of, VI: 489, 493-494 
biliary anastomoses, VI: 464, 466-467 
cholecystitis: 

acute cholecystitis, VI: 468-415 
chemoembolization-induced, VI: 
468, 476 
acute on chronic cholecystitis, VI: 

468, 475 
chronic, VI: 475, 477-478 
hemorrhagic, VI: 475-477 
xanthogranulomatous, VI: 477 
gadolinium-based contrast agent, V2: 

1771-1772 
gallstone disease, VI: 464-465, 467-469 
hepatic transplantation protocol, VI: 

287-289 
intestinal choledochocele, VI: 115-116 
intraductal papillary mucinous 

neoplasms, VI: 615-621 
intraductal papillary mucinous tumor, 

serous cystadenoma, differential 
diagnosis, VI: 612 
MR imaging vs., VI: 455 
pancreatic imaging, VI: 536, 540 
acute pancreatitis, VI: 625, 632 
cystic fibrosis, VI: 546 
pancreas divisum, VI: 541-542 
trauma assessment, VI: 665, 668-671 
in pregnancy, maternal imaging, V2: 

1564 
small intestine, adenocarcinoma, VI: 111 
T2-weighted sequences, VI: 456-461 
Magnetic resonance colonography, VI: 827 

colon cancer polyps, VI: 848, 851-852 
Magnetic resonance ductography, 
intraductal papilloma, 
differential diagnosis, V2: 
1707-1709 
Magnetic resonance imaging (MRI): 
emerging developments in, VI: 25 
liver imaging techniques, VI: 46-50 



Magnetic resonance lymphography: 
imaging contrast agents, VI: 896-897 
retroperitoneum, malignant metastatic 
lymphadenopathy, V2: 
1258-1263 
Magnetic resonance spectroscopy: 
male pelvis, V2. 1343-1344 
prostate cancer, adenocarcinoma, V2. 
1352, 1356-1373 
Magnetic resonance urography: 

echo-train spin-echo sequences, VI: 1 
kidney imaging techniques, V2: 1184, 
1188 
perinephric pseudocyst, V2: 1042, 

1044, 1050 
transplants, V2: 1111 -USA 
in pregnancy, maternal imaging, V2: 

1564, 1566 
renal collecting system dilation, V2: 
1164, 1170 
Magnetic susceptibility artifact, breast MRI, 

V2 1695 
Magnetization-prepared rapid-acquisition 
gradient echo (MP-RAGE) 
sequences: 
abdominal-pelvic imaging, VI: 5-6 
pediatric patients, V2: 1637-1639, 
1641-1644 
Malakoplakia, V2. 1153-1154 
Male pseudohermaphroditism, Wilms 
tumor and, V2. 1103-1106 
Malignant mixed mesodermal/mullerian 
tumor: 
bladder, V2. 1316 

uterine sarcoma, V2: 1475, 1479-1481 
Malrotation: 

kidneys, V2. 1031 
small intestine, VI: 770-771 
Mammography: 

ductal carcinoma in situ, benign lesions, 

V2: 1719-1721 
MRI guidance and intervention, V2: 
1760-1762 
Manganese-based (Mn-DPDP 

(mangofodipir))-enhanced SGE 
imaging: 
biliary tree, normal anatomy, VI: 460-461 
contrast agenta, V2. 1778-1779 
liver images, VI: 50 

hepatocyte targeting, VI: 50-58 
portal arteriovenous system, VI: 46, 50 
Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 
460-461 
Mass enhancement, breast cancer imaging, 

V2: 1723 
Mastectomy: 

postoperative MRI, V2: 1744-1749 
prostheses, fat necrosis, V2: 1750-1752 
Mastitis, inflammatory breast carcinoma, 

differential diagnosis, V2: 1739 
Maternal imaging. See also 

pregnancy-related imaging 
under specific cancers and 
diseases 
amniotic fluid assessment, V2: 1622-1623 
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anticardiolipin antibodies, fetal stroke, 

V2. 1598-1599 
metastases in pregnancy, V2: 1561-1575 
multiple gestation, V2. 1623-1624 
placental imaging, V2: 1623, 1625-1627 
postpartum uterus, V2: 1575-1580 
pregnancy complications, V2. 1561-1575 
Maximum-intensity projection (MIP): 
aortic imaging, V2. 1200-1227 

aortic dissection, V2: 1201, 1208-1212 
breast MRI, V2. 1693-1694 

ductal carcinoma in situ, V2: 1721 
fibroadenomas, V2. 1703, 1706 
chest imaging, V2: 1654 
kidneys, renal artery disease, V2: 1129, 

1131-1133 
magnetic resonance 

cholangiopancreatography, VI: 
456, 458-460 
thoracic aorta, V2: 1679-1684 
vessel imaging, V2. 1198-1200 

inferior vena cava malignancies, V2. 
1240-1241 
Mayer- Rokitansky-Kiister-Hauser syndrome : 
uterine agenesis/hypoplasia, V2: 

1441-1443 
vaginal agenesis/partial agenesis, V2. 
1411-1413 
Mayo End-Stage Liver Disease (MELD) 
scale: 
autoimmune hepatitis, VI: 314 
primary sclerosing cholangitis, VI: 304, 
311 
Meckel diverticulum, VI: 110, 11 A 
Meckel-Gruber syndrome: 

encephalocele, fetal assessment, V2: 

1595, 1597 
renal cysts, fetal assessment, V2: 
1614-1616 
Meconium: 

MR imaging, V2. 1583-1585 
pseudocysts, V2: 1617 
Mediastinal ascites, V2: 936, 942 
Mediastinal lymphadenopathy, V2: 

1666-1661 
Medistinal neoplasms, fetal assessment, V2: 

1612 
Medium-vessel disease, renal artery, V2: 

1136, 1138 
Medulla, adrenal. See Adrenal glands, 

medullary masses 
Medullary carcinoma, breast cancer, V2: 

1732-1733 
Medullary cystic disease, V2: 1049, 

1059-1060 
Medullary sponge kidney (MSK), V2. 1049, 

1060 
Megacystis-microcolon hyperperistalsis 

syndrome, fetal assessment, V2: 
1613-1614 
Meigs syndrome, benign ovarian 

neoplasms, V2. 1525-1526, 
1529-1531 
Melanoma: 

anorectal, VI: 867, 869 

breast metastases, V2: 1743-1744 



iliacus muscle metastases, V2: 1273, 

1276 
metastases: 

to bile duct/ampulla, VI: 520 
to gallbladder, VI: 483, 487 
to liver, VI: 164, 181-182 
to pancreas, VI: 625, 628 
ovarian metastases, V2: 1547, 1549-1550 
splenic metastases, VI: 701, 703-706 
stomach metastases, VI: 160 
vulvovaginal malignancies, V2: 1421, 
1424 
Membranous nephropathy, glomerular 

disease, V2. 1117-1118 
Menstruation, uterine changes, V2: 

1437-1439 
Merkel cell cancer, pancreatic metastases, 

VI: 625, 631 
Mesenchymal hamartoma, fetal assessment, 

V2: 1620 
Mesenchymal tumors, breast cancer, V2: 

1739-1740 
Mesenteric adenopathy, peritoneal 
metastases, V2. 924-925, 
934-935 
Mesenteric cysts, V2. 907, 910 
Mesenteric lipodystrophy, V2. 946, 950 
Mesenteric lipomatosis, V2. 910 
Mesenteritis, V2. 946, 950 
Mesoblastic nephroma, fetal assessment, 

V2. 1620 
Mesorectum imaging, colon cancer, VI: 

848 
Mesothelioma, malignant: 

liver metastases, VI: 242, 250-251 
peritoneal diffusion, V2: 912, 915-917 
Metabolic acidosis, nephrogenic systemic 

fibrosis and, V2. 1782-1783 
Metallic artifacts: 

bile duct MRCP, VI: 489, 493-494, 505 

biliary papillomatosis, VI: 514-515 
single-shot echo-train spin-echo 
sequences, VI: 7-8 
Metastatic immature teratoma, peritoneal 
metastases, V2. 918, 923-924, 
927 
Methemoglobin: 

bladder, hemorrhagic cysts, V2: 1326, 

1329 
renal cysts, hemhorragic/proteinaceous 
cysts, V2: 1037, 1046 
Microcystic serous cystadenoma, VI: 

606-607, 609-611 
Micro varices, peritoneal, V2: 945-946, 

948-949 
Middle interhemispheric 

holoprosencephaly (MIH), fetal 
assessment, ventriculomegaly, 
V2: 1590-1592 
Mid-hepatic arterial phase (MHAP) 

imaging, gadolinium-based 
contrast agent, V2. 1774-1777 
Misregistration artifacts, breast MRI, V2: 

1695 
Monodermal teratoma, benign ovarian 
neoplasm, V2-. 1521 



Mosaic enhancement, liver imaging, 

congestive heart failure, VI: 
407, 411-413 
Motion- related artifacts: 

1.5T vs. 3T imaging, VI: 35 
adnexal imaging, V2: 1499-1500 
breast MRI, V2. 1694-1695 
chest imaging, V2\ 1654 

pleural disease, V2. 1666, 1671-1672 
pregnancy-related MRI, V2. 1561 
Motion-resistant imaging: 

abdominal region, VI: 20-24 

3T strategy, VI: 23-24 
pediatric patients, V2: 1639, 1641, 
1647-1648 
Mucinous carcinoma, breast cancer, V2: 

1732, 1734 
Mucinous cystadenoma/ 

cystadenocarcinoma, VI: 
612-616 
mucocele, large intestine, VI: 838, 

841-842 
ovaries: 

benign neoplasms, V2: 1518-1520, 

1521-1522 
malignant neoplasms, V2: 1533, 
1536-1537 
Mucin-producing tumors, liver metastases, 

VI: 165, 185-186 
Mucocele, appendix, VI: 832, 838, 

841-842 
Mucopolysaccharidoses, liver imaging, VI: 

384, 387-388 
Mucosa-associated lymphoid tissue 

(MALT), small intestine, VI: 
119, 786-791 
Miillerian duct: 

adenocarcinoma, V2: 1488, 1491 
cancer, ovarian metastases, V2: 1547, 

1549 
congenital anomalies, V2: 1439-1448 
malignant mixed mesodermal/mullerian 
duct tumor, bladder, V2: 1316 
ovarian anomalies, V2: 1503 
prostate cysts, V2. 1344, 1348-1349 
vaginal agenesis/partial agenesis, V2: 
1410-1413 
Multicystic dysplastic kidney, V2: 
1047-1049, 1058 
fetal assessment, V2: I6l4-l6l6 
MultiHance contrast agent (Gd-BOPTA): 
classification, V2. 1768, 1771-1772 
hepatocyt phase, V2: 1777 
liver imaging, VI: 51-58 
adenomatosis, VI: 114, 118 
focal nodular hyperplasia, VI: 55-56, 

121, 136 
metastases characterization, VI: 128, 
136 
Tl -weighted magnetic resonance 

cholangiopancreatography, VI: 
460 
Multilocular cystic nephroma, V2: 1060, 

1063-1064 
Multiplanar reformatting (MPR), renal 
artery disease, V2: 1131 
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Multiple endocrine neoplasia (MEN) type 

1, stomach carcinoids, VI: 759 
Multiple endocrine neoplasia (MEN) type 

IIA or IIB, pheochromocytoma, 

V2. 1005 
Multiple gestation, MR imaging techniques, 

V2. 1623-1624 
Multiple imaging variables, magnetic 

resonance imaging, VI: 13-14 
Multiple myeloma: 

liver metastases, VI: 238, 245-246 
metastases, gadolinium-based contrast 

agent imaging, V2: 1771-1772 
Mumps orchitia, V2: 1397-1398 
Mural thrombus, abdominal aortic 

aneurysm, V2: 1200-1201, 

1205 
Mycobacterial infection, liver imaging, VI: 

433-435 
Mycobacterium avium intracellulare (MAI): 
hepatic involvement, VI: 433-435 
infectious colitis, VI: 884, 888, 891-892 
infectious enteritis, VI: 810, 813-814 
retroperitoneal benign lymphadenopathy, 

V2: 1247-1250 
Myelofibrosis, kidney, extramedullary 

hematopoiesis, V2: 1068, 1073 
Myelolipoma, adrenal glands, V2: 977-980, 

988-990 
Myelomeningocele, fetal assessment, Chiari 

II malformation, V2. 1586-1592 
Myofibroblasts tumor, inflammatory: 
bladder lesions, V2. 1304 
hepatic inflammatory disease, VI: 415, 

418-422 
Myoglobinuria, renal tubular blockage, V2: 

1120, 1124 
Myometrial hematoma, postpartum uterus, 

V2. 1575-1580 
Myometrial metastases, endometrial 

carcinoma, V2: 1470 

Nabothian cysts, V2. 1467-1468, 1471 
Nasopharynx. See also Cleft palate 
fetal assessment: 

anomalies, V2. 1598-1607 
normal development, V2: 1583 
Neck imaging, fetal assessment: 

anomalies, V2. 1598-1599, 1601-1607 
normal development, V2: 1583 
Necrosis: 

fetal assessment, destructive lesions, V2: 

1598-1601 
ovarian fibroma, V2: 1526, 1530 
Necrotizing granulomatous pancreatitis, 

inflammation or infection, VI: 
665-666 
Negative oral contrast agents, large 

intestine imaging, VI: 896-897 
Neisseria gonorrhoeae: 

Bartholin glands cysts, V2. 141 6-1 418 
tubo-ovarian abscess, V2: 1514, 
1516-1517 
Neoadjuvant chemotherapy (NCT), breast 
cancer, posttreatment MRI, V2: 
1744-1753 



Neonatal ascites, V2. 936, 942 
Nephrectomy: 

pancreatic imaging, VI: 540-541 
segmental, V2. 1142, 1146 
Nephroblastoma (Wilms tumor), V2: 

1102-1106 
Nephrogenic systemic fibrosis (NSF): 

circulating fibrocyte hypothesis, V2: 1783 
contrast agents, V2: 1767 
contrast-induced nephropathy risk vs., 

V2: 1784-1786 
definition, V2. 1780 
diagnosis, V2: 1783 
epidemiology, V2. 1780-1781 
gadolinium-based contrast agent toxicity, 
V2. 1780-1786 
cofactors, V2. 1782-1783 
pharmacokinetics, V2: 1781-1782 
pathophysiology and risk factors, V2: 

1781 
pediatric imaging, contrast agents, V2: 

1647 
pulmonary emboli imaging, V2: 1673, 

1675-1677 
renal function, V2: 1781 
risk minimization guidelines, V2: 

1783-1784 
treatment and prognosis, V2: 1783 
vessel imaging, V2: 1195-1200 
Nephroma, mesoblastic, fetal assessment, 

V2: 1620 
Nephropathy: 

ischemic, V2. 1129, 1131, 1134 
reflux nephropathy, V2. 1126, 1128, 1130 
Wilms tumor and, V2. 1103-1106 
Nephrophthisis, V2: 1049, 1059-1060 
Nephroscleroses, renal artery disease, V2: 

1137 
Nephrotic syndrome, V2: 1117, 1120 
Neural tube defects, fetal imaging, V2. 

1585-1592 
Neurenteric cysts, fetal assessment, V2: 

1612 
Neurilemmoma, retroperitoneum, V2: 1240, 

1245-1247 
Neuroblastoma: 

adrenal glands, V2. 1006, 1012-1017 
fetal assessment, V2. 1618, 1620 
retroperitoneum, V2: 1266, 1273 
Neuroendocrine carcinoma: 
pancreatic cancer, VI: 593 
stomach, VI: 759 
Neurofibromas: 
bladder, V2. 1304 
retroperitoneum, plexiform, V2: 1240, 

1245-1247 
small intestine, VI: 775, 779 
Neurofibromatosis type 1: 

bladder lesions, V2. 1304-1305 
small intestine neurofibromas, VI: 775, 
779 
Neurogenic tumors: 
bladder, V2. 1304-1305 
small intestine neurofibromas, VI: 775, 

779 
stomach, VI: 136, 738 



Neurovascular bundles, prostate cancer 

invasion, V2: 1368-1373 
Neutropenic colitis, VI: 884, 890 
Nonalcoholic fatty liver disease (NAFLD), 
imaging studies, VI: 317, 
319-320 
Nonalcoholic steatohepatitis (NASH), VI: 

319-320 
Noncooperative patients, imaging protocols 

in, VI: 25-28 
Nonepithelial tumors, bladder cancer, V2: 

1316 
Non-Hodgkin lymphoma: 

adrenal glands, V2. 1017, 1019 
colon, VI: 860, 867 
kidneys, V2. 1103, 1106-1110 
liver metastases, VI: 238, 240-245 
pancreas, VI: 619, 624-625 
peritoneal metastases, V2. 925 
retroperitoneal malignant masses, V2: 

1253-1257 
small intestine, VI: 779, 786-791 
spleen, VI: 693-694, 699-703 
stomach, VI: 156, 758 
Noninvoluting congenital hemangioma, 
fetal assessment, V2: 1604, 
1607 
Nonmass enhancement, breast cancer 

imaging, V2: 1723 
Nonseminomatous tumors, testes, V2: 

1390-1396 
Non-slice selective inversion pulse, 

magnetization-prepared rapid- 
acquisition gradient echo 
sequences, VI: 5-6 
Noose sign, breast implant rupture, V2\ 

1759 
"Nutcracker syndrome," inferior vena cava 
thrombus, V2. 1232-1237 

Obesity: 

nonalcoholic fatty liver disease, VI: 317, 

319-320 
polycystic ovarian syndrome, V2: 1507, 
1509, 1514 
Oligohydramnios : 

encephalocele, fetal assessment, V2: 

1595, 1597 
kidney anomalies, V2: l6l 2-1613 
twin-twin transfusion syndrome, V2: 
1623-1624 
Omental hypertrophy, cirrhosis, VI: 348, 
351, 360 
intraperitoneal varices, V2: 923-924, 
934 
Omental metastases, peritoneal, 

interperitoneal seeding, V2: 
923-924, 934-935 
Omental varices, cirrhosis, VI: 348, 351, 

359 
Omphalocele, fetal assessment, V2: 1617 
Oncocytomas, renal, V2: 1068, 1072 
1.5T imaging: 

3T imaging vs., VI: 31-36 

gastrointestinal tract, VI: 725 
adrenal glands, V2. 963-968 
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breast MRI, V2. 1694-1695 

lung cancer, pulmonary nodules, V2: 

1654, 1662 
male pelvis, V2. 1343-1344 
pediatric patients, V2: 1637, 1644 

receiver coil, V2. 1644-1645 
renal cell carcinoma, stage 4, 1082, 

1084-1085 
vaginal carcinoma, V2. 141 6, 1422 
Oral contraceptives: 

abdominal fibromatosis, V2. 1570 
primary ovarian carcinoma protection, 

V2. 1527 
uterine changes, V2: 1439 
Oral contrast agents: 

large intestine imaging, VI: 892, 895-897 
MR imaging strategies, VI: 20 
pregnancy-related MRI, V2: 1561 
retroperitoneum imaging, V2: 1194 
Organs of Zuckerkandl: 

benign neoplasms, V2: 1247 
pheochromocytoma, V2: 1005-1111 
Oriental cholangitis, MR imaging, VI: 502, 

507 
Oropharynx. See also Cleft palate 
fetal assessment: 

anomalies, V2: 1598-1607 
normal development, V2: 1583 
Out-of-phase (opposed-phase) spoiled 
gradient echo sequences: 
adrenal glands, V2. 963-968 
adenomas, V2. 971-985 
metastases, V2. 998-1002 
basic principles, VI: 4-5 
kidneys, angiomyolipomas, V2. 

1063-1068 
pediatric patients, V2: 1645-1646 
Ovarian arteries, uterine artery 

embolization, V2: 1456, 1464 
Ovarian cancer: 

carcinosarcoma, V2. 1545, 1548 
clear cell carcinoma, V2-. 1533, 

1538-1540 
colon metastases, VI: 867, 869 
epithelial origin, V2. 1531-1533 
primary peritoneal carcinoma, 

differential diagnosis, V2: 912, 
917 
gallbladder metastases, VI: 483, 487 
germ cell origin, V2: 1533-1534, 

1540-1544 
imaging studies, V2: 1518 
kidney metastases, V2: 1112, 1114 
liver metastases, VI: 151, 158-160, 162, 

164, 183-185, 187-188 
lymphoma, V2: 1545, 1548-1549 
mucinous tumors, V2: 1533, 1536-1538 
peritoneal metastases, intraperitoneal 

seeding, V2. 918-924 
in pregnancy, maternal imaging, V2: 

1569, 1571 
primary ovarian carcinoma, V2: 

1526-1527, 1531 
serous tumors, V2: 1533-1536 
sex cord-stromal origin, V2: 1540, 1542, 
1545-1547 



small intestine metastases, VI: 119, 782, 

792 
uterine leiomyoma, differential diagnosis, 
V2: 1451 
Ovarian hyperstimulation syndrome, 

theca-lutein ovarian cysts, V2: 
1504, 1507-1508 
Ovarian torsion: 

paraovarian cysts, V2-. 1504, 1508 
in pregnancy, maternal imaging, V2\ 
1569, 1572 
Ovarian vein thrombosis, postpartum 

uterus, V2: 1578-1580 
Ovaries. See also Adnexa 

benign neoplasms, V2: 1518-1531 
epithelial origin, V2. 1518-1523 
germ cell origin, V2: 1520-1521, 

1526-1529 
sex cord-stromal origin, V2: 
1525-1526, 1530-1531 
congenital anomalies, V2: 1503 
cysts, V2: 1500, 1502-1503 
dermoid cyst, V2. 1520-1521, 

1526-1529 
functional cysts, V2. 1500, 1502, 

1504-1506 
paraovarian/peritoneal cysts, V2. 1504, 

1508 
in pregnancy, differential diagnosis, 

V2. 1567, 1569-1570 
theca-lutein cysts, V2-. 1504, 
1507-1508 
ectopic pregnancy, V2: 1517 
endometriosis, V2: 1504-1513 
hydrosalpinx, V2: 1517 
metastases to, V2. 1546-1547, 
1549-1550 
endometrial carcinoma, V2: 1474, 
1476 
normal anatomy, V2: 1500-1501 
ovarian torsion, V2. 1509-1510, 

1514-1516 
pelvic inflammatory disease/tubo-ovarian 

abscess, V2. 1514, 1516-1517 
pelvic varices, V2: 1517-1518 
polycystic ovaries, V2: 1507, 1509, 

1514 
transposed ovary, V2: 1500-1502 
Overlap syndrome, autoimmune liver 

disease, VI: 313-315 
Ovotestes, MRI detection, V2. 1503 

Paget disease: 

of breast, V2. 1151-1158 
vulvar carcinomas, V2: 1421 
Palate imaging, fetal assessment, normal 

development, V2. 1583 
Pancoast tumor, MR imaging, V2: 1654, 

1660-1661 
Pancreas: 

3T MR imaging, VI: 35-37 

cystic neoplasms, VI: 606-625 {See also 

Pancreatic cancer) 
ductal dilatation: 

chronic pancreatitis, VI: 648-652 
trauma, VI: 665, 668-671 



ductal stenosis, traumatic, VI: 665, 

668-671 
genetic disease: 

cystic fibrosis, VI: 544-548 
primary hemochromatosis, VI: 546, 

548-549 
von Hippel-Lindau syndrome, VI: 
549-550 
inflammatory disease, VI: 625 
miscellaneous conditions and 
infections, VI: 664-661 
pancreatitis, VI: 625 

acute, VI: 625, 628, 636-647 
autoimmune pancreatitis, VI: 656, 

664, 666 
chemtherapy-induced, VI: 664-661 
chronic, VI: 640, 648-665 
hemorrhagic, VI: 632, 639-641 
mild, VI: 625, 632-635 
pseudocyst, VI: 652, 642-641 
metastases to, VI: 619, 625-631 {See also 
specific cancers, e.g., Breast 
cancer) 
MR imaging, VI: 536-541 
mucinous cystadenocarcinoma, liver 

metastases, VI: 165, 185-186 
neoplasms {See also Pancreatic cancer) 
benign solid, lipoma, VI: 551-556 
focal lesions, pattern recognition, VI: 

551 
malignant solid, VI: 552-608 
normal anatomy, VI: 535-536 
pediatric imaging, V2: 1649-1650 
transplants, VI: 671-673 
trauma, VI: 665, 668-671 
Pancreas divisum, MR imaging, VI: 541-542 
Pancreatic anlage, congenital anomalies, 

VI: 542, 545 
Pancreatic cancer: 

acinar cell carcinoma, VI: 589 
ACTHoma, VI: 601, 605 
adenocarcinoma, VI: 552-553, 556-570, 
556-589 
diffuse, VI: 552, 576, 588 
staging, VI: 575, 577-587 
in tail, VI: 552, 574-575 
vessel involvement, VI: 575, 577-578 
adrenal gland metastases, V2. 998-1002 
carcinoid tumors, VI: 602, 607-608 
chemotherapy and radiation therapy 

and, VI: 589-590 
chemotherapy/radiation-treated ductal 
adenocarcinoma, VI: 589-590 
chronic pancreatitis, differential 
diagnosis, VI: 648, 656 
cystic neoplasms: 

cystic fibrosis, VI: 546 
intraductal papillary mucinous 
neoplasms, VI: 614 
main duct type, VI: 6 14-6 17 
side-branch type, VI: 615, 618-621 
lymphoma, VI: 619, 624-625 
metastases, VI: 619, 625-632 
mucinous cystadenoma/ 

cystadenocarcinoma, VI: 
612-616 
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Pancreatic cancer: {Continued) 

pancreatic adenocarcinoma and, VI: 

564 
serous cystadenocarcinoma, VI: 612 
serous cystadenoma, VI: 606-607, 

609-612 
solid/papillary epithelial neoplasm 

(papillary cystic neoplasm), VI: 
619, 622-623 
developmental anomalies, VI: 541-546 
annular pancreas, VI: 541-544 
pancreas divisum, VI: 541-542 
pancreatic anlage, congenital absence, 

VI: 542, 545 
short pancreas, polysplenia syndrome, 

VI: 544, 546 
uneven fatty infiltration, VI: 542, 545 
ductal adenocarcinoma, liver metastases, 

VI: 162 
gastrinomas, VI: 591, 598-602 
glucagonoma, VI: 601, 604 
insulinomas, VI: 601, 603-604 
iron-based contrast agents, differential 

diagnosis, V2: 1778-1779 
islet cell tumors, VI: 590-598 
pancreatic, VI: 590-598 
gastrinomas, VI: 591, 598 
undifferentiated, VI: 601 
pancreatic adenocarcinoma, 

differential diagnosis, VI: 
587-589 
undifferentiated, VI: 590, 597-601 
lymphoma, VI: 619, 624-625 
peritoneal metastases, V2: 918, 923-924, 

928 
schwannoma, VI: 594-597, 601 
somatostatinoma, VI: 601, 604-605 
undifferentiated carcinoma, VI: 589 
VIPoma, VI: 601, 606 
Pancreatitis, VI: 625-667 
acute, VI: 625, 628, 636-647 
autoimmune pancreatitis, VI: 656, 664, 

666 
chemtherapy-induced, VI: 666-667 
chronic, VI: 640, 648-665 
pancreatic adenocarcinoma: 
differential diagnosis, VI: 575 
risk for, VI: 552, 562-564 
focal pancreatitis, VI: 649 , 652, 665 
hemorrhagic, VI: 632, 639-641 
mild, VI: 625, 632-635 
necrotizing granulomatous, VI: 665-666 
pancreas divisum and risk of, VI: 541 
peritoneal inflammation, V2: 940-942, 

946, 949 
pseudocyst, VI: 632, 642-647 
small intestine effects, VI: 810, 815 
Papillary adenoma, bile duct, VI: 511, 515 
Papillary carcinoma, breast cancer, V2: 

1733, 1737 
Papillary cystic neoplasm, pancreas, VI: 

619, 622-623 
Papillary dysfunction, bile duct, MRCP 
imaging, VI: 489, 493, 497 
Papillary epithelial neoplasm, pancreas, 
VI: 619, 622-623 



"Papillary lesions," intraductal papilloma, 
differential diagnosis, V2: 
1707-1709 
Papillary serous carcinoma: 

fallopian tube metastases, V2: 1551-1552 
uterus, V2. 1474, 1477 
Papilloma: 

bladder lesions, V2. 1300-1301 
intraductal, V2. 1707-1709 
Papillomatosis, intraductal papilloma, 
differential diagnosis, V2: 
1707-1709 
Papilomatosis, multiple, diagnostic 
imaging, V2. 1709-1711 
Paraesophageal hiatal hernias, V2: 904, 

906-907 
Paraesophageal varices, cirrhosis, VI: 351, 

361 
Parallel-line sign, breast implant rupture, 

V2. 1759 
Parallel MR imaging: 

evolution of, VI: 25, 29-31 
non-fat-suppressed vs. fat-suppressed 

images, VI: 35-37 
pulmonary emboli, V2: 1673, 
1675-1677 
Paramagnetic contrast agents, liver 

imaging, VI: 50-51 
Parametrium: 

cervical cancer metastases, V2. 

1486-1487 
normal anatomy, V2: 1437 
papillary serous carcinoma, V2: 1474, 
1477 
Paramtrium, normal anatomy, V2: 1437 
Paraovarian cysts, V2. 1504, 1508 
Parapelvic cysts, V2: 1042, 1044, 1050 
Paraumbilical hernia, abdominal wall 

imaging, V2: 904, 909 
Paraumbilical varices, cirrhosis, VI: 348, 

351, 361 
Parenchymal hemorrhage, fetal assessment, 

V2. 1598-1601 
Paroxysmal nocturnal hemoglobinuria, iron 
deposition, renal parenchyma, 
V2. 1121, 1127 
Patient preparation and positioning: 
breast MRI, V2. 1694 
MRI guidance and breast intervention, 
V2. 1760-1762 
Pediatric patients: 

cirrhosis in, VI: 317-318 
MR imaging techniques, V2: 1637-1644 
1.5T and 3.0T sequences, V2: 1639, 

1644 
adnexa, V2. 1650 
adrenal glands, V2. 1650 
bladder, V2. 1650 
data acquisition parameters, V2: 

1644-1645 
echo-train spin-echo sqeuence, V2: 

1644 
female urethra/vagina, V2: 1650 
follow-up procedures, V2: 1647-1649 
gadolinium-based contrast agents, V2: 
1647 



gallbladder/biliary system, V2: 1649 

gastrointestinal tract, V2: 1650 

infants (under 1.5 years), V2: 1645 

kidneys, V2. 1650 

liver, V2. 1649 

magnetic field strength, V2: 1644 

magnetization-preparied 

rapid-acquisition gradient-echo 
sequences, V2: 1639, 1644 
male pelvis, V2. 1650 
older children (6-18 years), V2: 

1645-1646 
pancreas, V2. 1649-1650 
receiver coil, V2: 1644-1645 
retroperitoneum, V2: 1650 
sedation technique, V2: 1646-1647 
single-shot echo-train spin-echo 

sequence, V2: 1644 
small children (1-6 years), V2: 1641, 

1645 
spin-echo sequences, V2: 1637 
spleen, V2. 1650 
Tl-weighted sequences, V2: 1637, 

1639-1644 
T2-weighted sequences, V2: 1644 
three-dimensional gradient-echo 

sequences, V2: 1639 
two-dimensional spoiled gradient echo 

sequences, V2: 1639 
uterus and cervix, V2: 1650 
Peliosis hepatis, VI: 114-115, 119-120 
Pelvic congestion syndrome, V2: 

1517-1518 
Pelvic floor relaxation, female urethra, V2: 

1408-1410 
Pelvic inflammatory disease (PID), 

ovarian abscess, V2: 1514, 
1516-1517 
Pelvic kidney, V2. 1031-1035 
Pelvimetry, MR imaging techniques, V2: 

1629 
Pelvis: 

abscesses, VI: 874, 884-886 

peritoneal inflammation, V2: 951, 
957-958 
Burkitt lymphoma, retroperitoneal 

malignant masses, V2: 1253, 
1257 
cervical cancer invasion of, V2: 

1486-1488 
Ewing sarcoma pelvic metastases, V2: 

1274, 1288 
extrarenal, V2. 1164, 1170 
female pelvis (See Vagina; specific 
organs, e.g., Uterus) 
bowel peristalsis artifacts, V2: 1499 
in pregnancy, maternal imaging, V2: 

1570, 1574 
uterine peristalsis, V2: 1437-1439 
varices, V2. 1517-1518 
fetal assessment: 

anomalies, V2: 1612-1617 
cysts, V2. 1617, 1619 
normal development, V2: 1583-1585 
lipomatosis, bladder involvement, V2: 
1326, 1329-1330 
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male pelvis (See also specific organs, 
e.g., Prostate) 
MR imaging technique, V2. 1343-1344 
pediatric imaging, V2. 1650 
postprostatectomy, V2: 1349, 1354 
metastases, bladder involvement, V2: 

1320-1322 
protocol for, VI: 16-19, 21 
whole body imaging, VI: 36, 40 
Penis: 

benign masses, prostheses, V2: 

1376-1377 
congenital anomalies, V2: 1376 
diffuse disease, V2: 1377-1380 
infectious disease, V2. 1380 
inflammatory disease, V2-. 1380-1381 
metastases to, V2: 1376-1380 
normal anatomy, V2. 1375-1376 
primary tumors, V2. 1377-1380 
trauma, V2: 1382 
Percentage mural enhancement (MRP), 

Crohn disease imaging criteria, 
VI: 796, 803 
Percutaneous gastrostomy tube, VI: 76l, 

766 
Perfusional defect imaging, liver 

metastases, VI: 143, 147, 
398-400 
Periampullary carcinoma, bile duct 

imaging, VI: 518, 520, 527-530 
Perianal fistula, VI: 883, 887-888 
Perilesional enhancement: 
liver imaging: 

hemangiomas, VI: 90, 101 
metastases, differential diagnoses, VI: 
147-150 
pancreatic adenocarcinoma, VI: 580, 

587 
uterine leiomyomas, V2: 1452-1469 
Perinephric pseudocysts, V2: 1042, 1044, 

1050 
Perinephric stranding, renal abscess, V2: 

1144, 1149-1152 
Perineum, carcinomas, V2: 1421 
Periarterial lymphoid sheath (PALS), 
splenic anatomy, VI: 678 
Periportal halo sign, primary biliary 

cirrhosis, VI: 314-315 
Perisplenic varices, splenomegaly and, VI: 

706-709 
Peristalsis. See Bowel peristalsis; Uterine 

peristalsis 
Peristomal hernia, abdominal wall imaging, 

V2: 904, 909 
Peritoneum. See also Retroperitoneum 
benign masses: 
cysts, V2: 907, 910 
desmoid tumor (aggressive 

fibromatosis), V2: 912-914 
endometriosis, V2. 911 
lipomas and mesenteric lipomatosis, 
V2: 910 
cholangiocarcinoma metastases, VI: 520, 

526 
cirrhosis and enhancement of, VI: 348, 
351, 360 



colon cancer metastases, VI: 843, 

847-848, 854-858, 860 
congenital anomalies, V2. 904-907 
foreign bodies, V2: 945-947 
hepatocellular carcinoma metaseses, VI: 

192, 200-201 
hernias, V2: 904-909 

abdominal wall, V2: 904, 908-909 
Bochdalek hernia, V2: 904-905 
hiatus and internal, V2: 904, 906-907 
inflammatory disease: 

abscess, V2: 949, 951, 954-959 
mesenteric panniculitis, V2: 946, 950 
pancreatitis, V2: 940-942, 946, 949 
peritonitis, V2: 949, 951-953 
intraperitoneal fluid: 

ascites, V2: 936, 940-942 
bile, V2: 942 

biloma, V2: 942, 944-945 
blood, V2: 936, 943-944 
lesser sac involvement, V2: 936, 941 
postsurgical, V2: 936, 940 
urine, V2: 942 
malignant masses: 

diffuse malignant mesothelioma, V2: 

912, 915-917 
primary peritoneal carcinoma, V2\ 
912, 917 
metastases to, V2: 912, 914, 918-936 
{See also specific cancers) 
carcinoid tumors, V2: 936, 939-940 
contiguous spread, V2: 912 
hematogenous spread, V2: 924 
intraperitoneal seeding, V2: 914, 

918-935 
lymphatic dissemination, V2. 924-925, 

934-935 
ovarian cancer, V2: 1504-1505, 1533, 

1535-1536 
ovarian endodermal sinus tumor, V2: 

1542 
pseudomyxoma peritonei, V2. 
936-938 
MR imaging technique, V2: 902-903 
normal anatomy, V2: 901-902 
normal variants, V2: 904 
ovarian cysts, V2: 1504, 1508 
pancreatic adenocarcinoma metastases, 

VI: 575, 581-583 
vascular disease, V2: 945-946, 948-949 
Peritonitis, V2: 949, 951-953 
Persistent fetal kidney lobulation, V2: 

1031 
Peutz-Jagers syndrome, colonic 

adenomatous polyps, VI: 832 
Peyronie disease, V2: 1380-1381 
Phase-cancellation artifact, out-of-phase 
(opposed-phase) spoiled 
gradient echo sequences, VI: 
4-5 
Phased-array multicoil imaging: 

3T MR imaging, 4-channel vs. 8-channel, 

VI: 33-34 
adnexa, V2: 1499 
bladder, V2: 1298-1299 
colon cancer, VI: 848 



lung cancer, pulmonary nodules, V2. 

1654, 1657, 1662-1665 
male pelvis, V2: 1343-1344 
pancreatic adenocarcinoma, VI: 559 
pediatric patients, V2: 1644-1 645 
in pregnancy, V2: 1561 
retroperitoneal neoplasms, V2-. 1266 
spoiled gradient echo sequences, VI: 3 
uterus, V2: 1433 

vessel imaging, V2: 1195, 1198-1200 
Pheochromocytoma : 

adrenal medullary masses, V2. 998, 

1005-1111 
bladder, V2: 1303 
Phyllodes tumor, V2: 1706-1707 
Picture archival computing system, vessel 

imaging, V2: 1200 
Pince-nez sign, breast implant rupture, V2: 

1759 
Placenta, MR imaging techniques, V2: 

1623, 1625-1627 
Placenta accreta, MR imaging techniques, 

V2: 1623, 1625-1627 
Placenta previa, MR imaging techniques, 

V2: 1623, 1625-1627 
Pleural disease: 

chest imaging, V2: 1666, 1671-1672 
metastases, V2: 1673-1674 
Pleural metastases, hepatocellular 

carcinoma, VI: 192, 202 
Polycystic ovarian syndrome (PCOS), V2: 

1507, 1509, 1514 
Polygyria, fetal assessment, Chiari II 

malformation, V2: 1588-1592 
Polyhydramnios : 

encephalocele, fetal assessment, V2. 

1595, 1597 
fetal assessment: 

brain neoplasms, V2. 1598 
epignathi, V2: 1599 
mesoblastic nephroma, V2: 1620 
twin-twin transfusion syndrome, V2: 
1623-1624 
Polyorchia, V2: 1386 
Polyposis coli, VI: 829, 832, 838 
Polyposis syndromes: 

gastric polyps, VI: 736, 739-741 
large intestine, VI: 829, 832, 835-836 
small intestinal polyps, VI: 115, 
111-118 
Polyps: 

colonic, VI: 829, 832, 835-838 
endometrial, V2: 1448-1450 
gallbladder, VI: 480, 482-483 
gastric, VI: 156, 739-741 
small intestine, VI: 115, 111-118 
Polysplenia syndrome: 

MR imaging, VI: 681, 683, 686 
short pancreas, VI: 544, 546 
Polythelia, breast imaging, V2: 

1700-1701 
Porcelain gallbladder, VI: All, 480 
Porta hepatis lymphadenopathy: 
hepatitis C and, VI: 327, 330 
imaging studies, VI: 352, 354, 359, 
362-365 



1-30 



INDEX 



Portal hypertension: 

cirrhosis, VI: 348, 351, 359-362 
esophageal varices, VI: 727, 729 
gastric varices, VI: 738, 742 
omental metastases, differential 
diagnosis, V2: 923-924 
pediatric patients, imaging protocols, V2: 

1637, 1642 
rectal varices, VI: 838 
splenomegaly, VI: 706-709 
Portal venous system: 

biliary tree, air in, VI: 411, 413-414 
cirrhosis: 

cavernous transformation, VI: 348, 

351, 359 

portal hypertension, VI: 348, 351, 

359-362 
gadolinium-enhanced Tl -weighted 

images, VI: 11 
hemangioma compression, VI: 88, 100 
hepatic arterial dominant phase imaging, 

gadolinium-based contrast 

agent, V2: 1776-1777 
hepatic transplantation complications, 

VI: 292-294 
hepatocellular carcinoma, VI: 192, 

194-198 
MR imaging techniques, VI: 46-47, 50 
porta hepatis lymphadenopathy, VI: 

352, 354, 359 
thrombosis, VI: 388, 391, 393-400 

hepatocellular carcinoma, VI: 202, 

212, 224-232, 234-238 
infectious cholangitis, VI: 502, 

506-507 
pancreatic adenocarcinoma, VI: 566 
Positive intraluminal contrast agents, large 

intestine imaging, VI: 895 
Posterior fossa anomalies, fetal assessment, 

V2: 1591, 1593-1597 
Posttransplant lymphoproliferative disorder 
(PTLD): 
hepatic transplantation, VI: 299-301 
renal transplants, V2. 1177, 1182, 
1184-1185 
Pouchitis, VI: 810 
Pouch of Douglas abscess, VI: 874, 

882-883 
Preeclampsia, liver imaging, VI: 407, 

410-411 
Pregnancy. See also Fetal assessment; 
Gestational trophoblastic 
disease; Maternal imaging 
amniotic fluid assessment, V2: 

1622-1623 
appendicitis diagnostic imaging, VI: 874, 

880-881, V2: 1561-1564 
cervical carcinoma in, V2: 1482-1483 
cervical incompetence, V2: 1629-1631 
cesarean scar pregnancy, V2: 

1577-1580 
Crohn disease in, VI: 796, 802 
ectopic pregnancy, V2: 1517 
endometrioma during, V2: 1504, 1513 
fetal weight and amniotic fluid, V2: 
1622-1623 



inflammatory bowel disease and, VI: 

868, 871 
intussusception, VI: 816, 826 
MRI safety in, V2. 1559-1561 
multiple gestation, V2. 1623-1 624 
ovarian torsion during, V2: 1509-1510, 

1514-1516 
ovarian venous compression and 

thrombosis, V2. 1232, 1237 
pelvimetry, V2: 1629 
placental imaging, V2. 1623, 1625-1627 
septate uterus, V2. 1441, 1447 
subchorionic hematoma in, V2: 

1559-1560 
uterine hematoma in, V2: 1559-1560 
Primary aldosteronism, 

aldosterone-secreting adrenal 
adenomas, V2. 977, 986-987 
Primary biliary cirrhosis (PBC), VI: 

314-315 
Primary hemochromatosis: 
liver, VI: 354, 362, 365-368 
pancreas, VI: 546, 548-549 
Primary peritoneal carcinoma (PPC), V2: 

912, 917 
Primary sclerosing cholangitis (PSC): 
imaging studies, VI: 303-304, 306-311 
MRCP imaging, VI: 494, 497-502 
Primovist (Gd-EOB-DTPA) contrast agent, 
V2: 1768 
liver imaging, VI: 51-58 

focal nodular hyperplasia, VI: 121, 

135 
metastases characterization, VI: 128, 
135 
Proctitis: 

infectious colitis, VI: 888 
radiation-induced, VI: 888, 893-894 
ProHance gadolinium-based contrast agent, 

classification, V2: 1768 
Prominent columns of Bertin, kidney 

anomalies, V2: 1031 
Prostate cancer: 

adenocarcinoma, V2: 1352, 1356-1373 
anaplastic state, V2. 1358, 1366 
recurrence, V2: 1352, 1354 
stage 2, V2: 1352, 1356-1357 
American Joint Committee staging, V2: 

1358, 1368 
American Urological Committee staging, 

V2: 1368 
benign prostatic hyperplasia and, V2: 

1349-1352 
bladder metastases, V2. 1320-1323 
capsular extension, V2: 1352, 1358, 

1359-1363, 1367-1373 
prostatectomy, V2. 1368-1373 
radiation therapy, V2: 1368-1373 
rhabdomyosarcoma, V2: 1352, 1355 
sarcoma, V2: 1352, 1356 
squamous cell carcinoma, V2: 1352, 
1355 
Prostatectomy: 

bladder changes, V2. 1331, 1335 
prostate cancer treatment, V2: 1368-1373 
prostate scarring, V2: 1352-1354 



Prostate gland: 

benign lesions, V2. 1349-1354 
congenital anomalies, V2: 1344, 

1347-1349 
inflammatory and infectious disease, V2: 

1373-1374 
metastases to, V2. 1368-1373 
MR imaging techniques, V2: 1343-1344 
normal anatomy, V2: 1344—1346 
trauma, V2. 1374-1375 
Prostatis, chronic, V2: 1373 
Prostheses: 

breast, fat necrosis, V2: 1150-1152 
breast implants, V2. 1754-1759 
categories, V2. 1754-1755 
failure, V2. 1687-1689, 1755-1757 
fat necrosis, V2. 1746, 1749-1752 
imaging techniques, V2: 1757-1759 
postoperative MRI, V2. 1744-1749 
penile, V2. 1376-1377 
testicular, V2. 1386 
Protein synthesis, liver metastases, VI: 165, 

186 
Proteus spp., prostate infection, V2: 

1373-1374 
Proton NMR spectroscopy, breast imaging, 
V2: 1696 
fibroadenolipoma, V2. 1709, 1711 
Proximal descending colon, 

adenocarcinoma, VI: 843, 845 
Prune belly syndrome: 

bladder anomalies, V2: 1299 
fetal assessment, V2: 1613-1614 
wandering spleen and, VI: 681 
"Pruning," primary sclerosing cholangitis, 

MRCP imaging, VI: 497-502 
Pseudoaneurysms : 
aorta, V2. 1201-1207 
renal artery disease, V2: 1133, 1135 
Pseudocysts: 

adrenal glands, V2. 980-981, 984, 

991-993 
intraperitoneal cocoon, V2: 945, 947 
pancreatic: 

acute on chronic pancreatitis, VI: 656, 

659-664 
acute pancreatitis, VI: 625, 628, 637, 

642-647 
hemorrhagic pancreatitis, VI: 656, 665 
trauma, VI: 665, 668-671 
perinephric (parapelvic), V2: 1042, 1044, 

1050 
peritoneal, V2. 910 

ovarian cysts, V2. 1504, 1508 
peritonitis, V2. 949, 951-953 
spleen, VI: 683, 687-690 
Pseudohermaphrodites, V2: 1415-1416 
Pseudomembranous colitis, VI: 883-884, 

889 
Pseudomonas spp., prostate infection, V2: 

1373-1374 
Pseudomyxoma peritonei: 

mucocele, large intestine, VI: 838, 

841-842 
peritoneal metastases, V2: 936-938 
"Pseudopolyps," ulcerative colitis, VI: 867 
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Pseudotumor: 

hepatic inflammatory disease, VI: 415, 

418-422 
retroperitoneal inflammatory, V2: 1247 
testes, scrotum and epididymis, V2: 
1388, 1390 
Psoas muscle: 

abscess, V2: 1273-1274, 1276-1279 
MR imaging, V2. 1271, 1273-1280 
neurogenic tumor, V2: 1271, 1273 
Pulmonary emboli, magnetic resonance 
angiography, V2. 1673, 
1675-1677 
Pulmonary hyperplasia, fetal assessment, 

V2. 1605 
Pulmonary infiltrates, V2: 1666, 

1668-1671 
Pulmonary nodules, MR imaging, V2. 1654, 

1657, 1662-1665 
"Pure gonadal dysgenesis," V2. 1415 
Pyelonephritis: 

acute, V2. 1142, 1147-1149 
renal transplants, V2. 1177, 
1179-1180 
chronic, V2. 1126, 1128, 1130 
in pregnancy, maternal imaging, V2: 

1564, 1566 
xanthogranulomatous, V2. 1152 
Pyeloureteral anastomosis, renal 
transplants, V2. 1184 
Pyogenic abscesses, hepatic, VI: 418, 

422-432 
Pyonephrosis, V2: 1155-1156 
Pyosalpinx. See Tubo-ovarian abscess 
(TOA) 

Radial scarring, breast lesions, V2: 

1714-1715, 1717 
Radiation therapy: 

bladder changes, V2. 1331, 1337 
breast cancer, post-therapy imaging, V2: 

1744, 1747 
breast carcinoma from, V2. 1743 
cervical cancer metastases: 

bladder fistulae, V2. i486, 1489 
recurrence and posttreatment change, 

V2. 1493-1495 
Crohn disease, VI: 791 
esophagitis, VI: 150-151 
gastric ulceration and gastritis, VI: 76 1, 

763 
hepatitis, VI: 321, 331 
large intestine: 

enteritis, VI: 888, 892 
proctitis, VI: 888, 893-894 
liver metastases following, VI: 257, 

262-264 
pancreatic cancer and, VI: 589-590 
peritoneal metastases, differential 

diagnosis, V2. 923-924 
prostate cancer, V2. 1368-1373 
rectosigmoid colon adenocarcinoma, VI: 

852, 858, 861-865 
small intestine, metastases vs., VI: 

815-816, 818 
vaginal effects, V2. 1421, 1428 



Radiofrequency ablation: 

hepatocellular carcinoma, VI: 278, 

280-286 
liver metastases, VI: 278-280 
renal cell carcinoma, V2. 1088-1089, 
1095-1096 
Radiofrequency power deposition, 3T MR 

imaging, VI: 31 
Radiological Diagnostic Oncology Group 
(RDOG), ovarian cancer, 
epithelial tumors, V2: 1533 
Rapid acquisition with relaxation 
enhancement (RARE) 
sequences, VI: 6 
magnetic resonance 

cholangiopancreatography, VI: 
456, 460 
Rapidly involuting congenital hemangioma 
(RICH), fetal assessment, V2\ 
1604, 1607 
Real-time ("on-the-fly") bolus-tracking 

method, liver imaging protocol, 
VI: 20 
Receiver coil, pediatric MRI, V2. 1644-1645 
Recipient assessment, hepatic 

transplantation protocol, VI: 
287, 291-292 
Reconstructive surgery: 

bladder, V2. 1331, 1335-1336 
imperforate anus, VI: 821, 834 
Rectal cancer: 

adenocarcinoma, VI: 843, 848-850, 852, 
855-857 
bone metastases, VI: 858, 861-863 
bone metastases and sacral invasion, 

VI: 852, 861-863 
endorectal coil imaging, VI: 850, 857 
recurrent, VI: 850, 857-866 
bladder metastases from, V2. 1320, 

1323-1324 
carcinoid tumors, VI: 867-868 
MR imaging techniques, VI: 843, 848, 

850, 852-865 
penis and urethra metastases, V2. 

1376-1377 
vaginal metastases, V2: 1426-1427 
Rectoceles, female urethra, V2: 1408-1410 
Rectosigmoid colon: 

adenocarcinoma, VI: 843, 848 
fibrosis and, VI: 852, 861-863 
recurrence rates, VI: 850, 857-860 
bladder metastases from, V2-. 1320, 

1323-1324 
lymphoma, VI: 860, 867 
Rectourethral fistulas, V2. 1408 
Rectovaginal fistula, V2. 1421, 1426, 

1429-1430 
Rectum: 

anorectal anomalies, VI: 827, 831, 

833-834 
cloacal repair, VI: 827, 833 
metastases to: 

cervical cancer, V2: 1492-1495 
gastrointestinal stromal tumors, VI: 

860, 866 
vaginal carcinoma, V2\ 1416, 1423 



MR imaging techniques, VI: 824, 827 
normal anatomy, VI: 824, 827, 831 
perforation and abscess, VI: 874, 886 
postsurgical infection, VI: 892, 894-895 
varices, VI: 838 
Recurrent malignant disease imaging, 

echo-train spin-echo sequences, 
VI: 6-1 
Recurrent pyogenic cholangitis, MR 

imaging, VI: 502, 507 
Redundant sequences, MR imaging 

strategies and, VI: 16-24 
Reflux nephropathy, V2. 1126, 1128, 1130 
Regenerative nodules (RNs), cirrhosis, VI: 
333-334, 339-345 
iron-containing, VI: 334, 340, 344-346 
Reidel lobe, MR imaging, VI: 58-60 
Relaxation times, 3T MR imaging, VI: 32-36 
Reliability issues, parallel MR imaging, VI: 

29, 31 
Remote table motion, MR imaging 

strategies, VI: 20 
Renal adenomas, V2: 1068 
Renal agenesis, fetal assessment, V2. 1613 
Renal arterial disease, V2. 1128-1129, 
1131-1133 
abdominal aortic aneurysm, V2: 

1201-1207 
renal transplants, V2. 1177, 1182-1183 
Renal blood flow evaluation, V2. 1173 
Renal calculi, V2. 1159, 1166-1167 
Renal cell carcinoma (RCC): 

adrenal gland metastases, V2. 998-1002 
autosomal dominant polycystic kidney 

disease and, V2. 1098, 1101 
bilateral cancer, V2. 1088, 1093 
chronic renal failure, V2: 1098-1101 
cystic changes with, V2. 1088, 1090-1092 
cystic disease, differential diagnosis, V2: 

1052, 1061-1062 
granulocytic sarcoma (chloroma), 

differential diagnosis, V2: 1109, 

1111 
hemorrhage, V2. 1088-1094 

chronic renal failure, V2. 1098-1101 
hypervascular tumors, V2: 1084, 1086 
imaging protocol for, VI: 16, 19-20 
infiltrative, V2. 1088, 1095 
metastases, pancreas, VI: 619, 625 
MR imaging, V2. 1098, 1102 
radiofrequency ablation, V2. 1088-1089, 

1095-1096 
recurrence, V2. 1089, 1096-1097 
renal cysts, differential diagnosis, V2: 

1053, 1098 

renal transplants, V2. 1177, 1181, 1184 

staging, V2. 1073-1095 
stage 1, V2. 1015-1011 
stage 2, V2 1076, 1078, 1087-1089 
stage 3a, V2. 1076-1077, 1079-1081 
stage 3b, V2. 1077, 1081 
stage 3c, V2. 1082-1083 
stage 4, V2. 1082, 1084-1085 

subtraction image, V2. 1037, 1040 

von Hippel-Lindau syndrome, VI: 
549-550 
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Renal collecting system: 

dilation, V2. 1164, 1169-1172 
filling defects, V2. 1159, 1166-1169 
Renal cortical infarcts, V2: 1137, 1143-1144 
Renal ectopia. See Ectopic kidney 
Renal filling defects, V2: 1159, 1166-1169 
Renal function: 

imaging studies, V2: 1173-1177 
nephrogenic systemic fibrosis, V2: 1781 
renal parenchymal disease, V2. 1112, 
1116-1117 
Renal parenchyma: 

acute obstruction, paroxysmal changes, 

V2. 1121, 1127-1130 
arterial disease, V2. 1127, 1129, 

1131-1143 
diffuse disease, V2. 1112-1124 
acute tubular necrosis, V2. 1120, 

1122 
glomerular disease, V2. 1117-1120 
renal function decline, V2. 1112, 

1116-1117 
tubular blockage, V2. 1120, 

1123-1124 
tubulointerstitial disease, V2. 
1120-1121 
iron deposition, V2. 1121, 1124-1127 
lesions, pattern recognition, V2: 1031, 

1037 
obstruction, V2. 1121, 1125-1126, 

1128-1129, 1170-1172 
reflux nephropathy and chronic 

pyelonephritis, F2: 1126, 1128, 
1130 
renal arterial disease, V2: 1128-1129, 

1131-1144 
renal scarring, V2: 1128, 1138, 

1145-1146 
renal vein aneurysm, V2. 1138 
renal vein thrombosis, V2: 1137, 1144 
Renal pelvis and ureter: 

calyceal diverticulum, V2: 1164, 1172 
collecting system dilatation, V2: 1164, 

1169-1172 
filling defects, V2. 1159, 1166-1169 
lymphoma, V2: 1159 
metastases to, V2: 1159 
squamous cell carcinoma, V2. 1159, 

1165 
urothelial carcinoma, V2: 1155, 
1159-1165 
Renal vein: 

congenital anomalies, V2: 1223, 

1228-1230 
thrombosis, V2. 1151-115%, 1144 

inferior vena cava thrombus and, V2: 

1232-1237 
nephrotic syndrome, V2: 1117, 1120 
Rendu-Osler- Weber syndrome, hepatic 
arteriovenous fistulas, VI: 
388-392 
Repetition time (TR): 

3T MR imaging, VI: 32-36 
small intestine imaging, VI: 1 61-110 
Resovist, iron-based contrast agent, V2: 
1778-1779 



Respiration artifacts: 

abdominal-pelvic MRI, fast scanning and 

avoidance of, VI: 1-2 
magnetic resonance 

cholangiopancreatography, VI: 
460 
Reticuloendothelial system (RES): 
iron-based contrast agents, V2: 

1777-1779 
MRI contrast agent targeting, VI: 50-58 
spleen imaging, VI: 678-681 
Retractile mesenteritis, V2-. 946, 950 
Retroperitoneum: 
benign masses: 

extramedullary hematopoiesis, V2: 

1249, 1251 
fibrosis, V2: 1240, 1242-1244 
lymphadenopathy, V2: 1247-1250 
adrenal glands, V2. 1017, 1019 
retroperitoneal neoplasms, V2: 1240, 
1245-1247 
bladder cancer metastases, transitional 

cell carcinoma, V2. 1308-1316 
body wall: 

benign neoplasms, V2: 1274, 

1281-1283 
hernias, hematoms, and other lesions, 

V2: 1214, 1290-1293 
malignant neoplasms, V2: 1214, 
1284-1290 
malignant masses: 

carcinoma, V2: 1265-1266 
embryonal rhabdomyosarcoma, V2: 

1265, 1271-1272 
hemangiopericytoma, V2: 1265, 1271, 

1273 
leiomyosarcomas, V2: 1265-1270 
liposarcoma, V2: 1265, 1271 
lymphadenopathy, V2. 1258-1263 
adrenal glands, V2. 1017, 1019 
lymphoma, V2. 1253-1257 
retroperitoneal fibrosis, V2: 1249, 

1252-1253 
testicular cancer, V2. 1258, 1263-1265 
MR imaging technique, V2. 1193-1194 
normal anatomy, V2: 1193 
pediatric imaging, V2: 1650 
psoas muscle, V2. 1271, 1273-1280 
vessel imaging: 

aorta, V2. 1200-1227 

aortic aneurysm, V2: 1200-1207 
aortic dissection, V2: 1201, 

1208-1212 
aortoiliac atherosclerotic disease/ 
thrombosis, V2: 1204, 1207, 
1214-1223 
penetrating ulcers/intramural 

dissecting hematoma, V2: 1201, 
1204, 1213 
postoperative graft evaluation, 
V2. 1207, 1214, 1216, 
1224-1227 
inferior vena cava, V2: 1216, 1223, 
1229 
congenital anomalies, V2: 1223, 
1229-1230 



primary malignant tumors, V2: 

1237-1241 
venous thrombosis, V2: 1229-1237 
magnetic resonance angiography, V2: 
1194-1200 
Rhabdomyosarcoma : 

bladder cancer, V2: 1316 

embryonal, retroperitoneal imaging, V2: 

1266, 1272 
prostate cancer, V2: 1352, 1355 
vulvar malignancies, V2: 1421, 1423 
Rhomboencephalosynapsis, fetal 

assessment, V2. 1593-1597 
Ring enhancement imaging: 

colon adenocarcinoma, VI: 843, 845 
colon melanoma, VI: 867, 869 
hepatosplenic candidiasis, VI: 433, 

436 
liver metastases: 

breast cancer, VI: 162, 171 
gastrinomas, VI: 164, 180 
hepatocellular carcinoma, VI: 202, 

232-233 
lesional/perilesional enhancement, VI: 
147-150 
ovaries, endometriomas, V2: 1506, 

1509-1512 
pancreas: 

insulinomas, VI: 601, 603 
metastases to, VI: 625, 630-631 
pancreatic islet cell tumors, VI: 593 
Robson's renal cell carcinoma 

classification, V2. 1073-1095 
Rokitansky-Aschoff sinuses: 

gallbladder adenomyomatosis, VI: 480, 

484 
xanthogranulomatous cholecystitis, VI: 
477 

Sacral invasion, rectal adenocarcinoma, VI: 

852, 861-863 
Saddlebag urethral diverticulum, V2: 1405, 

1407 
Safety issues: 

3T MR imaging, VI: 33 
gadolinium-based contrast agents, V2: 

1779-1786 
MRI in pregnancy, V2: 1559-1561 
whole body MR imaging, VI: 41-42 
Sagittal-plane imaging: 
bladder: 

fistulas, V2: 1331-1335 
metastatic neoplasms, V2: 1320-1324 
breast MRI, V2. 1693-1694 
female urethra, malignant masses, V2: 

1403-1404 
renal cell carcinoma: 
stage 3a, V2. 1076-1077, 

1079-1081 
stage 4, V2. 1082, 1084-1085 
vaginal metastases, V2: 1421-1426 
"Sandwich sign," lymphatic dissemination, 
peritoneal metastases, V2-. 925, 
935 
Santorini ducts, pancreas divisum, VI: 
541-542 
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Sarcoidosis: 

liver imaging, VI: 414-416 
retroperitoneal benign lymphadenopathy, 

V2. 1249-1250 
spleen, VI: 711-713 
Sarcoma: 

body wall, V2: 1274, 1284-1290 
granulocytic, kidney, V2: 1109, 1111 
liver metastases, undifferentiated, VI: 

251, 256 
perirectal metaseses, V2: 121 A, 1287 
peritoneal metastases, V2. 918, 923-924, 

929-930 
prostate cancer, V2: 1352, 1356 
retroperitoneal, V2: 1265-1271 
uterine, V2. 1475, 1479-1481 
undifferentiated, V2. 1488-1491 
Sarcomatoid carcinoma, bladder, V2. 1316 
Saturation pulse, fat-suppressed echo-train 
spin-echo sequences, VI: 9-10 
Scan time reduction, gradient echo 

sequences, VI: 2-3 
Schistosoma haematobium, bladder calculi, 

V2 1305 
Schizencephaly, fetal assessment, V2: 

1595-1596 
Schwannoma: 

adrenal glands, V2: 1006 
gastric, VI: 740 

pancreatic cancer, VI: 594-597, 601 
Scleroderma: 

reflux esophagitis, VI: 730 
small intestine, VI: 809-810 
Sclerosing adenosis, breast changes, V2: 

1712, 1714, 1716 
Sclerosing cholangitis. See also Primary 
sclerosing cholangitis (PSC) 
MRCP imaging, VI: 493-494 
Sclerosing hemangiomas, spleen, VI: 688, 

693 
Sclerosing mesenteritis, V2: 946, 950 
Sclerosing stromal tumor, ovaries, V2: 

1525-1526 
Scrotum: 

benign masses, V2: 1388-1392 
congenital anomalies, V2: 1386 
hernia, V2. 1390 
MR imaging, V2: 1385 
normal anatomy, V2. 1383-1384 
Secondary infection, liver metastases, VI: 

180, 188, 191-192 
Secretin-enhanced magnetic resonance 
cholangiopancreatography 
(MRCP), chronic pancreatitis 
imaging, VI: 648-649, 652, 655 
Sedated patients: 

MRI imaging in, VI: 25-27 
pediatric patients: 

age categories, V2: 1645 

Tl -weighted imaging, V2: 1637, 

1639-1644 
technique, V2: 1646-1 647 
Semilobar holoprosoencephaly, fetal 

assessment, V2. 1589-1592 
Seminal vesicles: 

benign masses, V2: 1382 



congenital anomalities, V2: 1382, 1384 
hypoplasia, V2. 1344, 1348-1349 
malignant masses, V2. 1382, 1384-1385 
normal anatomy, V2: 1382-1384 
prostate cancer metastases, V2: 1344, 
1349, 1363-1365, ml384-1385 
hemorrhage, V2. 1368, 1370-1372 
Seminomas, testes lesions, V2: 1390-1396 
Sensitivity encoding (SENSE): 
parallel MR imaging, VI: 25, 29 
small intestine imaging, VI: 1 67-110 
Septated renal cysts, V2. 1042, 1047 
Septated vagina, V2. 1412, 1414-1415 

uterus didelphys, V2. 1441, 1444-1446 
Septate uterus, V2. 1441, 1444, 1447-1449 
Septo-optic dysplasia, fetal assessment, V2: 

1594, 1596 
Sequence technology, whole body 

imaging, VI: 40-42 
Serial MRI examination, VI: 24-25 

adrenal glands, V2: 964-968 
Serosal metastases: 

intraperitoneal seeding, V2: 923-924 
small bowel obstruction, VI: 119, 782, 
792 
Serous cystadenocarcinoma, VI: 612 
ovarian: 

malignant tumors, V2: 1533-1535 
metastases, V2. 1504-1505, 1533, 
1535-1536 
Serous cystadenoma: 

benign ovarian neoplasms, V2: 

1518-1523 
MR imaging, VI: 606-607, 609-612 
Serpiginous (arciform) enhancement, 

spleen, VI: 678-681 
Serratia spp., prostate infection, V2: 

1373-1374 
Sertoli-Leydig cell tumors, malignant 

ovarian neoplasms, V2: 1540, 
1542, 1545-1547 
Serum creatinine levels, renal function 

and, V2: 1112, 1116-1117 
Sex cord-stromal tumors: 

benign ovarian neoplasms, V2: 1525-1526 
malignant ovarian neoplasms, V2: 1540, 
1542, 1545-1547 
Sexual differentiaton disorders: 

testicular feminization, V2: 1415, 1448 
uterine anomalies, V2: 1448 
Short-tau inversion recovery (STIR): 

breast, silicone implants, V2: 1757-1759 
breast imaging, V2: 1694-1695 

cysts, V2 1701-1703 
cavernous hemangioma, V2: 1416, 1420 
fat-suppressed echo-train spin-echo 
sequences, VI: 7-10 
hepatic cysts, VI: 60, 63 
liver imaging: 

hemangiomas, VI: 88, 97-99 
hepatic cysts, VI: 60, 63 
mycobacterium avium intracellular, 
VI: 433-435 
pancreatic adenocarcinoma imaging, VI: 

573 
retroperitoneal lymphoma, V2: 1253-1257 



spleen, VI: 678-681 
Sickle cell disease: 

hepatic iron overload, VI: 368, 370, 

374-375 
iron deposition, renal parenchyma, V2: 

1121, 1124-1126 
spleen imaging, VI: 683, 687 
Siderosis, transfusional, liver imaging, VI: 

56^515 
Sigmoid colon: 

adenocarcinoma, VI: 843, 846-848, 852 
lipoma, VI: 832 
Signal intensity index: 
adrenal gland imaging: 

adenomas, drop in, V2: 971, 974, 

982-984 
hemangiomas, V2. 993-994 
metastases, V2. 994-1002 
pheochromocytoma, V2: 1005-1111 
breast MRI interpretation guidelines, V2: 

1696-1700 
vessel imaging, VI: 14 
Signal-to-noise ratio (SNR): 

3T imaging, uterus and cervix, V2: 1434 
3T MR imaging vs. 1.5T, VI: 31-36 
breast MRI, V2. 1692-1693 

coil systems, V2: 1693 
liver imaging techniques, VI: 46-50 
male pelvis imaging, V2: 1343-1344 
pancreatic imaging, VI: 536 
parallel MR imaging, VI: 29 
pediatric patient imaging: 
receiver coil, V2: 1644-1645 
spin-echo sequence, V2: 1637 
prostate cancer, adenocarcinoma, V2: 
1352, 1356-1373 
Signal-void air, large intestinal abscess 

imaging, VI: 881-886 
Silicone breast implants, V2: 1754-1759 

rupture, V2. 1687-1689, 1755-1757 
Simultaneous acquisition of spatial 

harmonics (SMASH), parallel 
MR imaging, VI: 25, 29-31 
Single-shot echo-train spin-echo (SS-ETSE) 
sequences: 
abdominal-pelvic imaging, VI: 6-8 
abdominal wall hernia, V2. 904, 908-909 
bile duct abnormalities, MRCP imaging, 

VI: 489, 493, 497 
colon cancer, VI: 843-865 
esophagus, VI: 726, 728 
female urethra, pelvic floor relaxation, 

V2. 1408-1410 
fetal assessment, V2: 1561 

amniotic band syndrome, V2: 1621 
cleft palate, V2. 1603-1607 
normal development, V2: 1583 
gastrointestinal tract, VI: 725 
gluten-sensitive enteropathy, VI: 799, 

807-809 
hypertrophic rugal folds, VI: 76l, 765 
kidney imaging, V2. 1025-1031 

filling defects, V2. 1159, 1166-1169 
multicystic dysplastic kidney, V2: 

1049, 1058 
pyonephrosis, V2: 1155-1156 
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Single-shot echo-train spin-echo (SS-ETSE) 
sequences: {Continued) 
large intestine: 

abscesses, VI: 883-886 
diverticulitis, Vh 869, 878-879 
mucocele, VI: 838, 841-842 
techniques, VI: 824 
liver imaging, VI: 46-48 

echinococcal disease, VI: 431-433 
hepatic cysts, solitary cysts, VI: 60-64 
Reidel lobe, differential diagnosis, VI: 

58-60 
unilocular cysts, VI: 60-63 
magnetic resonance 

cholangiopancreatography, VI: 
456-461 
noncooperative patients, VI: 25 
non-fat-suppressed vs. fat-suppressed 

images, VI: 35-37 
pancreatic imaging, VI: 536-539 
acute pancreatitis, VI: 625, 628, 
635-647 
pediatric patients, V2: 1644 
infants, V2: 1645 
older children, V2: 1645-1 646 
peritoneal metastases, intraperitoneal 

seeding, V2: 918-924 
pleural disease imaging, V2: 1666, 

1671-1672 
in pregnancy, maternal imaging: 
bowel obstruction, V2: 1564 
conjoined twins, V2: 1623-1624 
renal calculi, V2: 1159, 1166-1169 
retroperitoneum : 

lymphoma, V2. 1253-1257 
primary neoplasms, V2: 1271 
serial MRI examination, VI: 24—28 
small intestine: 

intussusception, VI: 816, 825-826 
ischemia and hemorrhage, VI: 81 6, 
819-823 
small intestine imaging, VI: 1 61-110 
adenocarcinoma, VI: 111, 781-782 
choledochocele, VI: 115-116 
Crohn disease, VI: 785, 791, 793-805 
intestinal atresia and stenosis, VI: 110, 
114 
stomach, VI: 154-156 

duodenal diverticulum, VI: 770, 

772-774 
postoperative evaluation, VI: 76l, 766 
uterine-cervical MRI, V2: 1434 
Sjogren syndrome, autoimmune 
pancreatitis, VI: 664 
Skene glands, urethrovaginal fistulas, V2: 

1408 
"Skip lesions," Crohn disease, VI: 785, 

791, 797-799 
Slice-selective inversion pulse, 

magnetization-prepared 
rapid-acquisition gradient echo 
sequences, VI: 5-6 
Sliding hernia, V2: 904, 906-907 
Slow enhancement techniques, liver 
hemangiomas, VI: 88, 90, 
95-96 



Small bowel. See Small intestine 
Small cell carcinoma: 

kidney, V2. 1109, 1111-1113 
liver metastases, undifferentiated tumors, 
VI: 164, 177-179 
Small intestine: 
benign lesions: 

leiomyomas, VI: 115, 780 
lipomas, VI: 775 
neurofibromas, VI: 775, 779 
polyps, VI: 775, 777-778 
varices, VI: 775, 781 
congenital lesions, VI: 110-116 
atresia and stenosis, VI: 770, 774 
choledochocele, VI: 115-116 
duodenal diverticulum, VI: 770, 

772-774 
Meckel diverticulum, VI: 770, 774 
rotational abnormalities, VI: 770-771 
fetal assessment, V2: 1615 
inflammatory, infectious, and diffuse 
disease: 
Crohn disease, VI: 784-785, 791, 

793-805 
drug toxicity, VI: 810, 817 
eosinophilic gastroenteritis, VI: 809 
fistula, VI: 810-813, 812-813 
gluten-sensitive enteropathy, VI: 799, 

807-809 
graft- versus-host disease, VI: 816-817, 

828-829 
hernia, VI: 816, 827 
hypoproteinemia, VI: 816, 824 
infectious enteritis, VI: 810, 813-814 
inflammatory bowel disease, VI: 782, 

784 
intussusception, VI: 816, 825-826 
ischemia and hemorrhage, VI: 81 6, 

819-823 
pancreatitis, VI: 810, 815 
pouchitis, VI: 810 
radiation enteritis, VI: 815-816, 818 
scleroderma, VI: 809-810 
ulcerative colitis, VI: 1%, 799, 806 
leiomyosarcoma, hypervascular liver 

metastases, VI: l6l, 163 
malignant masses: 

adenocarcinomas, VI: 111 , 781-782 
carcinoid tumors, VI: 779, 790-791 
gastrointestinal stromal tumor, VI: 

111, 119, 783-785 
lymphoma, VI: 779, 786-791 
metastases to, VI: 779, 782, 791-793 
MR imaging, VI: 1 61-110 

follow- through and enteroclysis, VI: 

161-110 
oral contrast agents, VI: 20 
normal anatomy, VI: 765, 767 
polyps, VI: 775, 777-778 
Small-vessel disease, renal artery, V2: 
1136-1141 
renal transplants, V2: 1182, 1184 
Solid epithelial neoplasm, pancreas, VI: 

619, 622-623 
Somatostatinoma, MR imaging, VI: 601, 
604-605 



Specific absorption rate (SAR): 

echo-train spin-echo sequences, VI: 1 
MRI in pregnancy, V2: 1559-1561 
single-shot echo-train spin-echo 
sequences, VI: 56 
Spectral (fat)-selective adiabatic inversion 
pulses (SPAIR), T2-weighted 
imaging, VI: 9-10 
Spermatocele, testes, scrotum and 

epididymis, V2. 1388, 1390 
Sphincter of Oddi: 

abnormalities, MRCP imaging, VI: 489, 

493, 497 
pancreatic anatomy, VI: 556 
Spigelian hernia, abdominal wall imaging, 

V2. 904, 909 
Spin-echo sequence, pediatric patients, V2: 

1637 
Spiral computed tomography (CT): 
liver imaging: 

hemangiomas, VI: 88, 101-102 
metastases imaging: 

coexistent cysts, VI: 190 
MR imaging vs., VI: 128, 142-147 
pancreas, pancreatic adenocarcinoma, 
VI: 552-553, 558-559, 
564-565 
peritoneal metastases, intraperitoneal 

seeding, V2. 918 
renal filling defects, V2. 1159, 1166-1169 
Spleen: 

accessory and wandering spleens, VI: 

681-685 
asplenia, VI: 681, 685 
benign mass lesions: 
cysts, VI: 683, 687-690 
hamartomas, VI: 690, 693, 695-697 
hemangiomas, VI: 687-688, 691-693 
littoral cell angioma, VI: 688, 694 
lymphangiomas, VI: 693 
pattern recognition, VI: 688 
Gamna-Gandy bodies, VI: 111, 714 
Gaucher disease, VI: 683 
genetic hemochromatosis and, VI: 354 
infarcts, VI: 719-722, V2. 1121 
infectious disease, VI: 709-711 
malignant masses: 

lymphoma/hematologic malignancies, 

VI: 693-694, 698-703 
metastases to, VI: 701, 703-706 
angiosarcoma, VI: 704, 706 
direct tumor invasion, VI: 704-705 
metastases to: 

colonic lymphoma, VI: 860, 867 
glucagonoma/somatostatinoma, VI: 

601, 604-605 
imaging studies, VI: 701, 703-706 
islet cell tumors, VI: 601, 604-606 
MR imaging technique, VI: 678-681 
normal anatomy, VI: 677-678 
pediatric imaging, V2: 1650 
polysplenia, VI: 681, 683, 686 
portal and splenic thrombosis, VI: 388, 

391, 394-395 
sarcoidosis, VI: 711-713 
sickle disease, VI: 683, 687 
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splenomegaly and vascular pathologies, 

VI: 706-709 
subscapular fluid collection, VI: 715, 

717 
trauma, VI: 715-716 
Splenic artery aneurysm, splenomegaly 

and, VI: 706-709 
Splenic vein: 

pancreatic anatomy, VI: 535 

spleen, normal anatomy, VI: 677-678 

thrombosis: 

esophageal varices, VI: 727, 729 
gastric varices, VI: 738, 742 
pancreatic adenocarcinoma, VI: 575, 

579 
splenomegaly and, VI: 706-709 
Splenic vein-only hepatic arterial phase 
(SVHADP), gadolinium-based 
contrast agent, V2: 1774-1777 
Splenomegaly: 

chronic lymphocytic leukemia (CLL), VI: 

700 
lymphoma metastases, VI: 694, 699-703 
pathology, VI: 706-709 
Splenorenal shunt, splenomegaly, VI: 

706-709 
Splenosis, VI: 715, 717-719 
Splenules, MR imaging, VI: 681, 684-685 
iron-based contrast agents, differential 
diagnosis, V2: 1778-1779 
Spoiled gradient echo (SGE) sequences: 
abdominal-pelvic imaging, VI: 3-4 
adnexa, V2: 1499-1500 
adrenal glands, V2: 963-968 
appendicitis diagnostic imaging, VI: 874, 

879-881 
bladder, transitional cell carcinoma, V2: 

1308-1316 
chronic pancreatitis imaging, VI: 

656^65 
esophageal imaging, esophageal varices, 

VI: 727, 729 
esophagus, malignant masses, VI: 

729-731 
gadolinium-enhanced Tl -weighted 
images, hepatic arterial 
dominant (capillary) phase, VI: 
11-13 
image parameters, VI: 3 
large intestine: 

abscesses, VI: 881-886 

colonic adenomatous polyps, VI: 832, 

835-838 
diverticulitis, VI: 869, 874-879 
infectious colitis, VI: 888 
liver imaging techniques, VI: 46-50 
autoimmune hepatitis, VI: 312-314 
colon cancer metastases, VI: 149, 

154-155 
computed tomography vs., VI: 128, 

141-144 
contrast agents, VI: 52-58 
diaphragmatic insertion, VI: 58, 60 
focal nodular hyperplasia, VI: 121, 

123-125, 127-128 
hepatic cysts, solitary cysts, VI: 60-64 



hepatocellular carcinoma, VI: 

192-198, 213-217 
hypervascular metastases, VI: 149, 

157-158 
hypovascular metastases, VI: 149, 

153 
metastases characterization, VI: 128, 

137-143 
Reidel lobe, differential diagnosis, VI: 

58-60 
squamous cell carcinoma metastases, 

VI: 162, 165-171 
unilocular cysts, VI: 60-66 
viral hepatitis, VI: 321-322 
male pelvis, V2. 1343-1344 
noncooperative patients, VI: 25 
out-of-phase (opposed-phase) spoiled 
gradient echo sequences, VI: 
4-5 
pancreatic imaging, VI: 536-541 

pancreatic adenocarcinoma, VI: 552, 
554-556, 572, 574-575 
psoas muscle metastases, V2: 1273, 

1275 
rectal adenocarcinoma, VI: 848-850 
renal cell carcinoma, V2: 1073-1095 
retroperitoneum, V2: 1193-1194 
fibrosis, benign vs. malignant, V2: 

1240, 1242-1244 
malignant metastatic 

lymphadenopathy, V2: 
1258-1263 
small intestine, VI: 767-770 

gastrointestinal stromal tumor, VI: 

779, 783-785 
metastases to, VI: 782, 791-792 
polyps, VI: 775, 777-778 
varices, VI: 775, 781 
spleen, VI: 678-681 

hamartomas, VI: 693, 695-697 
lymphoma metastases, VI: 694, 

699-703 
splenic metastases, VI: 701, 703-706 
stomach, gastric adenocarcinoma, VI: 

743 
three-dimensional imaging quality 

improvements, VI: \6 
TR/TE/flip angle variations, VI: 23-24 
vessel imaging: 

aorta, V2. 1200-1227 

abdominal aortic aneurysm, V2: 

1201-1207 
aortic dissection, V2: 1201, 

1208-1212 
aortoiliac atherosclerotic disease/ 
thrombosis, V2: 1204, 1207, 
1214-1223 
inferior vena cava, V2: 1216, 1223, 

1229 
inferior vena cava thrombus, V2: 
1229-1237 
"Spoke wheel" pattern, renal oncocytomas, 

V2: 1068, 1072 
Squamous cell carcinoma: 
anal canal, VI: 860, 866 
bladder cancer, V2. 1316-1318 



esophagus, VI: 729-731 

lung cancer, liver metastases, VI: 162, 

175-176 
prostate cancer, V2: 1352, 1355 
renal pelvis and ureter, V2: 1159, 1165 
vaginal malignancies, V2: 141 6, 

1420-1426 
vulva, V2: 1421, 1427 
"Stained glass" lesions, mucinous 

cystadenocarcinoma, ovarian 
malignancy, V2: 1533, 
1536-1537 
Steatosis. See Fatty liver 
Stenosis: 

ampullary (bile duct), VI: 489 

gadolinium-based contrast agent, V2: 
1771-1773 
aqueductal, fetal assessment, V2: 

1585-1592 
bronchial, fetal assessment, V2: 

1611-1612 
cervical, endometriosis and, V2: 1506, 

1510 
iliac arteries, V2. 1204, 1207, 1216-1218 
intestinal, VI: 770, 774 
pancreatic duct, VI: 665, 668-671 
renal artery disease, V2: 1131-1132 
renal transplants, V2: 1178, 1183-1184 
Stomach: 

benign masses: 

bezoar, VI: 738, 742 

gastric polyps, VI: 736, 739-740 

leiomyomas, VI: 736 

neurogenic tumors and lipomas, VI: 

736, 738, 740-742 
varices, VI: 738, 742 
congenital lesions, VI: 736 
diverticula, VI: 736-738 
gastric duplication cysts, VI: 736 
heterotopias, VI: 736 
fetal assessment, V2: 1615 
infectious disease, VI: 761-764 
inflammatory disease, VI: 761-764 
malignant masses: 

adenocarcinoma, VI: 738, 741, 
743-751 
Peutz-Jeghers syndrome, VI: 832 
carcinoids, VI: 756, 759 
carcinomas, VI: 741 
gastrointestional stromal tumor, VI: 

743, 748, 752-758 
Kaposi sarcoma, VI: 748, 756 
lymphoma, VI: 756, 758 
TNM staging, VI: 742 
metastases to, VI: 741, 759-760 
MR imaging technique, VI: 734-736 
normal anatomy, VI: 734-735 
postoperative conditions, VI: 76l, 766 
Streak gonads: 

ovarian anomalies, V2: 1503 
vaginal anomalies, V2: 1415 
Streptococcal infection, pyogenic hepatic 

abscess, VI: 418, 427 
Stricture: 

biliary tree, VI: 292, 299 
female urethra, V2: 1407 
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Strongoloides stercoralis, infectious 

enteritis, differential diagnosis, 
VI: 810, 813-814 
Struma ovarii, benign ovarian neoplasms, 

V2-. 1521, 1528-1529 
Subcapsular line sign, breast implant 

imaging, V2. 1759 
Subchorionic hematoma, in pregnancy, V2. 

1559-1560 
Subependymal heterotopia, fetal 
assessment, V2: 1595 
Subglandular breast implants, V2: 

1754-1759 
Submucosal hemorrhage, small intestine, 

VI: 816, 822-823 
Submucosal imaging, ulcerative colitis, VI: 

867-868, 870 
Submucosal leiomyomas, uterine, V2: 

1449, 1451-1469 
Submuscular breast implants, V2: 

1754-1759 
Subscapular fluid collections, splenic 

trauma, VI: 715-717 
Subtraction imaging, renal cysts, V2: 1037, 

1040 
Superior mesenteric artery: 

aortic dissection into, V2: 1201, 1212 
chronic pancreatitis imaging, VI: 

648-665 
pancreatic adenocarcinoma involvement, 

VI: 575, 577-578 
vascular graft, branch vessel, V2-. 1214, 
1216, 1227 
Superior mesenteric vein, thrombosis, 
small intestine ischemia 
and hemorrhage, VI: 81 6, 
822 
Supernumerary scrotal testes, V2: 1386 
Superparamagnetic iron oxide particles 
(SPIO): 
characteristics, V2: 1777-1779 
liver imaging, reticuloendothelial system 

targeting, VI: 50, 54-58 
prostate cancer metastases, V2. 

1368-1373 
spleen imaging, VI: 678-681 

accessory/wandering spleens, VI: 

681-685 
lymphoma metastases, VI: 700 
splenic metastases, VI: 701, 703-706 
Surface coils: 

bladder imaging, V2: 1298-1299 
colon cancer imaging, VI: 848 
whole body imaging, VI: 40-42 
Surgical sponge retention, intraperitoneal, 

V2: 945-947 
Susceptibility artifact, 3T MR imaging, VI: 
31-32 

Tl-relaxivity agents, vessel imaging, V2: 

1197-1200 
Tl -weighted imaging: 

abdominal-pelvic disease, VI: 2-6 
fat-suppressed gradient echo 

sequences, VI: 4 
gradient echo sequences, VI: 3-4 



magnetization -prepared 

rapid-acquisition gradient echo 
sequences, VI: 5-6 
out-of-phase gradient echo sqeuences, 
VI: 4-5 
adnexa, V2: 1499-1500 
adrenal glands: 

adrenal cortical carcinoma, V2: 998, 

1002-1006 
metastases, V2: 994-1002 
myelolipoma, V2. 979-980, 988-990 
neuroblastoma, V2: 1013-1017 
pheochromocytoma, V2. 1005-1111 
techniques, V2. 963-968 
aortic dissection, V2: 1201, 1208-1212 
aortic grafts, V2: 1214, 1216, 1224-1227 
bile duct: 

ampullary fibrosis, VI: 489, 495-496 
cholangiocarcinoma, VI: 517-518, 

521-526 
infectious cholangitis, VI: 502-507 
primary sclerosing cholangitis, VI: 
499-502 
bile duct and parenchymal lesions, VI: 

460-461 
bladder, V2. 1298 

congenital anomalies, V2. 1299-1301 
hemorrhagic cystitis, V2: 1326, 1329 
leiomyomas, V2. 1300, 1302-1303 
metastatic neoplasms, V2: 1320-1324 
neurofibromas, V2. 1304-1305 
squamous cell carcinoma, V2: 

1317-1319 
transitional cell carcinoma, V2. 
1307-1316 
breast: 

cysts, V2: 1701-1703 
fat necrosis, V2: 1749 
breast cancer: 

invasive ductal carcinoma, V2: 

1723-1727 
melanoma metastases, V2: 1743-1744 
cervix, V2. 1434 
colon cancer: 

melanoma, VI: 867, 869 
rectosigmoid carcinoma, VI: 850, 
857-860 
disease conspicuity and, VI: 1-2 
esophagus, VI: 726, 728 

leiomyomas, VI: 726-728 
female urethra: 

diverticulum, V2: 1405-1407 
malignant masses, V2: 1403-1404 
normal anatomy, V2. 1401-1403 
fetal assessment: 

abdomen and pelvis, V2: 1583-1585 
brain imaging, V2. 1578-1583 
congenital hemangiomas, V2: 1604, 

1607 
destructive lesions, V2: 1598-1601 
head and neck, V2. 1583 
gadolinium-enhanced images, VI: 10-13 
hepatic arterial dominant (capillary) 

phase, VI: 10-13 
hepatic venous (interstitial) phase, VI: 
11 



portal venous/early hepatic venous 

phase, VI: 11 
gallbladder, VI: 460, 463 

acute cholecystitis, VI: 469-475 
carcinoma, VI: 481, 485-486 
gallstone disease, VI: 464-465, 

467-469 
hemorrhagic cholecystitis, VI: 475-477 
polyps, VI: 480, 482-483 
iron-based contrast agents, V2. 

1111-1119 
kidneys: 

acquired cystic disease, 

hemodialysis-induced, V2: 

1052, 1061-1062 
angiomyolipomas, V2: 1063-1068 
cysts with thickened walls, V2: 1042, 

1049 
hemorrhagic/proteinaceous cysts, V2. 

1037, 1042-1044, 1046 
lymphocele, V2: 1182 
perinephric pseudocyst, V2. 1042, 

1044, 1050 
renal function assessment, V2: 1112, 

1116-1117 
small-cell carcinoma, V2: 1112-1113 
techniques, V2: 1025-1031 
trauma, V2: 1172-1174 
Wilms tumor, V2. 1103-1106 
large intestine: 

colonic fistulae, VI: 883, 887-888 
intraluminal contrast agents, VI: 892, 

895-897 
lipomas, VI: 832, 839-840 
mucocele, VI: 838, 841-842 
liver, VI: 46-50 

ablative therapies, VI: 278-287 

angiosarcoma, VI: 242, 249 

bile duct carcinoma, intrahepatic/ 

peripheral metastases, VI: 

239-240, 242, 247-249 
Budd-Chiari syndrome, hepatic venous 

thrombosis, VI: 398, 401-405 
carcinoid tumor metastases, VI: 164, 

183-185 
chemotherapy-related metaseases, VI: 

257, 264-270 
cirrhosis, VI: 333-362 

dysplastic nodules, VI: 340, 342, 

346-354 
regenerative nodules, VI: 333-334, 

339-345 
contrast agents, VI: 51-58 
echinococcal disease, VI: 431-433 
fatty liver, VI: 371, 373, 377-387 
fibrolamellar carcinoma, VI: 238-239 
focal nodular hyperplasia, VI: 121 
hepatocellular adenoma, differential 

diagnosis, VI: 111, 180 
fungal infection, VI: 437-438 
hemangiomas, VI: 73, 81, 83, 85, 87 
chronic liver disease, VI: 103-105 
hepatocellular carcinoma, 

differential diagnosis, VI: 106 
hepatic abscess, pyogenic, VI: 418, 

422-432 
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hepatic cysts: 

foregut hepatic cysts, VI: 60, 66-70 
solitary (nonparasitic), VI: 60-66 
hepatic transplantation, VI: 292, 299 
hepatocellular adenoma, VI: 107, 

109-113 
hepatocellular carcinoma, VI: 192, 

198, 202-214 
diffuse infiltrative, VI: 212, 227, 

234-238 
hypervascular metastases, VI: 151-162 
inflammatory myofibroblastic tumor, 

VI: 418-422 
lesional/perilesional enhancement, VI: 

147-150 
lymphomas, VI: 238, 240-245 
melanoma metastases, VI: 164, 

181-182 
mesothelioma, malignant, VI: 242, 

250-251 
metastases detection and 

characterization, VI: 128, 

137-143 
mucin-producing tumors, VI: 165, 

185-186 
multiple myeloma, VI: 238, 245-246 
pancreatic ductal adenocarcinoma 

metastases, VI: 162 
porta hepatis lymphadenopathy, VI: 

352, 354, 359, 362-365 
portal venous air, VI: 411, 413 
postradiation metastases, VI: 257, 

262-264 
primary biliary cirrhosis, VI: 314—315 
primary sclerosing cholangitis, VI: 

304, 306-311 
radiation-induced hepatitis, VI: 321, 

331 
resection, metastases following, VI: 

256-262 
squamous cell carcinoma metastases, 

VI: 162, 165-171 
T2 images vs., VI: 143-147 
techniques, VI: 46-50 
transcatheter arterial embolization, VI: 

268, 270-278 
transfusional iron overload, VI: 

368-373 
trauma, VI: 442 

undifferentiated sarcoma, VI: 251, 256 
magnetic resonance 

cholangiopancreatography, VI: 

460-461 
ovaries: 

benign neoplasms: 

epithelial origin, V2: 1518-1523 
germ cell tumors, V2: 1520-1521, 

1526-1529 
sex cord-stromal tumors, V2: 

1525-1526, 1529-1531 
cysts, functional cysts, V2: 1500, 

1504-1506 
endometriomas, V2: 1506 
functional cysts, V2. 1504-1506 
hydrosalpinx, V2: 1517 
lymphoma, V2. 1545, 1548-1549 



metastases to, V2. 1547, 1549-1550 
ovarian torsion, V2. 1510, 1514-1516 
pelvic inflammatory disease, V2: 1514, 

1516-1517 
polycystic ovarian syndrome, V2: 
1507, 1509, 1514 
pancreas, VI: 536-541 

acute pancreatitis, VI: 628, 636-647 
annular pancreas, VI: 542-544 
autoimmune pancreatitis, VI: 664, 

666 
chronic pancreatitis, VI: 648-665 
cystic fibrosis, VI: 545-548 
gastrinomas, VI: 591, 598-602 
insulinomas, VI: 601, 603 
islet-cell tumors, VI: 590-598 
metastases to, VI: 619, 625-631 
mucinous cystadenoma/ 

cystadenocarcinoma, VI: 
612-616 
pancreatic adenocarcinoma, VI: 552, 
554-558, 562-564, 570, 572, 
574-575, 577-587 
liver metastases, VI: 580, 584-587 
lymph node metastases, VI: 580, 
584 
primary hemochromatosis, VI: 546, 

548-549 
serous cystadenoma, VI: 607, 611-612 
pediatric patients, V2. 1637, 1639-1646 
pelvic varices, V2: 1517-1518 
penis and urethra: 

inflammatory disease, V2. 1380-1381 
metastases, V2. 1516-1311 
normal anatomy, V2: 1375-1376 
primary tumors, V2: 1377-1380 
peritoneum: 

ascites, V2. 936, 940-942 
intraperitoneal blood, V2: 936, 
943-944 
in pregnancy, V2: 1561 

cervical fibroids, V2. 1569, 1573 
fetal weight and amniotic fluid, V2: 

1622-1623 
postpartum uterus, V2: 1575-1580 
prostate cancer, V2. 1352, 1356-1373 

adenocarcinoma, V2: 1352, 1356-1373 
prostate gland: 

benign prostatic hyperplasia, V2: 

1349-1354 
inflammation and infection, V2: 

1373-1374 
normal anatomy, V2: 1344-1346 
trauma, V2: 1374-1375 
rectum, VI: 827, 831 
renal cell carcinoma, V2: 1084, 1086 
retroperitoneum: 

benign lymphadenopathy, V2: 

1247-1250 
primary neoplasms, V2: 1265-1271 
seminal vesicles: 

cysts, V2: 1382, 1384 
diffuse disease, V2. 1382-1383, 1385 
normal anatomy, V2: 1382-1834 
small intestine, VI: 1 61-110 
carcinoids, VI: 119, 790-791 



spleen, VI: 678-681 
cysts, VI: 683, 687-690 
hamartomas, VI: 690, 693, 695-697 
hemangiomas, VI: 687-688, 691-693 
littoral cell angioma, VI: 688, 694 
lymphomas, VI: 695-694, 699-703 

stomach, VI: 734 
carcinoids, VI: 759 
gastric adenocarcinoma, VI: 738 

T3-weighted imaging vs., VI: 32-36 

testes, scrotum and epididymis, V2: 
1385 
benign neoplasms, V2: 1386, 

1388-1390 
cryptorchidism, V2. 1386-1388 
infectious disease, V2: 1397-1398 
malignant tumors, V2: 1392-1396 
testicular prostheses, V2: 1386 
trauma, V2. 1397 

uterus, V2. 1434 

endometrial carcinoma, V2: 1471-1481 
endometrial hyperplasia/polyps, V2: 

1449-1450 
leiomyomas, V2: 1452-1469 
uterine corpus, V2: 1434-1436 

vagina, V2: 1409-1410 

Bartholin glands cysts, V2. 1416-1418 
Gartner duct cyst, V2: 1416, 

1418-1419 
radiation effects, V2. 1421, 1428 
vaginal malignancies, V2: 1420-1426 

vessel imaging, V2. 1194-1200 

inferior vena cava malignancies, V2: 
1237-1241 
T2-weighted imaging: 

3T MR imaging, VI: 33-36 

abdominal-pelvic disease, VI: 6-10 

adnexa, V2. 1499-1500 

adrenal glands, V2. 964-968 

adrenal cortical carcinoma, V2: 998, 

1002-1006 
metastases, V2. 994-1002 
myelolipoma, V2. 979-980, 988-990 
neuroblastoma, V2. 1013-1017 
pheochromocytoma, V2: 1005-1111 

ambiguous genitalia, V2: 141 5-1416 

aortic grafts, V2. 1214, 1216, 1224-1227 

bile duct: 

ampullary fibrosis, VI: 489, 495-496 
cholangiocarcinoma, VI: 517-518, 

521-526 
infectious cholangitis, VI: 502-507 

bile ducts, primary sclerosing 

cholangitis, VI: 499-502 

biliary system, gadolinium-based contrast 
agents, V2. 1111 

bladder, V2. 1298 

congenital anomalies, V2: 1299-1301 
cystitis, V2: 1326-1328 
hemorrhagic cystitis, V2: 1326, 1329 
hypertrophic bladder, V2. 1324-1325 
leiomyomas, V2. 1300, 1302-1303 
metastatic neoplasms, V2: 1320-1324 
neurofibromas, V2. 1304-1305 
transitional cell carcinoma, V2: 
1307-1316 



1-38 



INDEX 



T2-weighted imaging: {Continued) 

breast: 

cysts, V2-. 1701-1703 
fibroadenomas, V2. 1703-1706 
phyllodes tumor, V2. 1706-1707 
protocol, V2-. 1694-1695 
silicone implants, V2: 1688-1 689, 
1757-1759 

breast cancer: 

invasive ductal carcinoma, V2. 

1723-1727 
melanoma metastases, V2: 1743-1744 

cervical cancer, V2. 1483-1488 

cervix, V2. 1434 

chest, V2. 1653-1654 

pleural disease, V2. 1666, 1671-1672 

colon cancer, VI: 843-865 

disease conspicuity and, VI: 1-2 

echo-train spin-echo sequences, VI: 6-7 

esophagus, VI: 726, 728 
leiomyomas, VI: 726-728 

fat-suppressed echo-train spin-echo 
sequences, VI: 7-10 

female urethra: 

diverticulum, V2: 1405-1407 
malignant masses, V2: 1403-1404 
normal anatomy, V2: 1401-1403 
pelvic floor relaxation, V2: 1408-1410 

fetal assessment: 

abdomen and pelvis, V2: 1583-1585 
central nervous system, V2: 1578-1583 
congenital hemangiomas, V2: 1604, 

1607 
destructive lesions, V2: 1598-1601 
head and neck, V2: 1583 
kidney anomalies, V2: 1613 
renal cysts, V2. I6l4-l6l6 

gallbladder: 

acute cholecystitis, VI: 472-475 
carcinoma, VI: 481, 485-486 
gallstone disease, VI: 464-465, 

467-469 
hemorrhagic cholecystitis, VI: 475-477 
normal gallbladder, VI: 460, 462 
polyps, VI: 480, 482-483 

iron-based contrast agents, V2: 1777-1779 

kidneys: 

adenoma, V2: 1068 

granulocytic sarcoma (chloroma), V2: 

1109, 1111 
hemorrhagic/proteinaceous cysts, V2: 

1037, 1042-1044, 1046 
iron deposition, V2. 1121, 1125-1127 
lymphocele, V2. 1182 
lymphoma, V2. 1106-1110 
multilocular cystic nephroma, V2: 

1060, 1063-1064 
perinephric pseudocyst, V2: 1042, 

1044, 1050 
simple cysts, V2. 1037-1039 
techniques, V2. 1025-1031 
Wilms tumor, V2. 1103-1106 

large intestine: 

colonic fistulae, VI: 883, 887-888 
intraluminal contrast agents, VI: 892, 
895-897 



mucocele, VI: 838, 841-842 
rectosigmoid carcinoma, VI: 850, 

857-860 
techniques, VI: 824 
liver, VI: 46-50 

ablative therapies, VI: 278-287 
adenocarcinoma, undifferentiated 

tumors, VI: 162, 164, 177-179 
angiosarcoma, VI: 242, 249 
autoimmune hepatitis, VI: 312-314 
bile duct carcinoma, intrahepatic/ 
peripheral metastases, VI: 
239-240, 242, 247-249 
Budd-Chiari syndrome, hepatic venous 

thrombosis, VI: 398, 401-405 
carcinoid tumor metastases, VI: 164, 

183-185 
chemotherapy- related metaseases, VI: 

257, 264-270 
cirrhosis, VI: 333-362 

dysplastic nodules, VI: 340, 342, 

346-354 
regenerative nodules, VI: 333-334, 
339-345 
iron-containing, VI: 334, 340, 
344-346 
computed tomography vs., VI: 128, 

141-144 
echinococcal disease, VI: 431-433 
fat/iron deposition, VI: 371, 376 
fatty liver, VI: 379-387 
fibrolamellar carcinoma, VI: 238-239 
focal nodular hyperplasia, VI: 
121-126 
hepatocellular adenoma, differential 
diagnosis, VI: 111, 180 
fungal infection, VI: 437-438 
hemangiomas, VI: 73, 81, 83, 85-86, 
89-91 
central nodular lesion, VI: 85, 91 
chronic liver disease, VI: 103-105 
hepatocellular carcinoma, 

differential diagnosis, VI: 106 
hypervascular metastases, 

differential diagnosis, VI: 90, 
101-103 
medium-sized lesion, VI: 85, 89-91 
small lesion, VI: 85-86 
small-sized slow-enhancing, VI: 88, 
94-95 
hepatic abscess, pyogenic, VI: 418, 

422-432 
hepatic arterial obstruction, VI: 407 
hepatic cysts: 

foregut hepatic cysts, VI: 60, 66-70 
solitary (nonparasitic), VI: 60-66 
hepatic transplantation, VI: 292, 299 
hepatocellular adenoma, VI: 107, 

109-113 
hepatocellular carcinoma, VI: 192, 
198, 202-214 
diffuse infiltrative, VI: 212, 227, 
234-238 
hypervascular metastases, VI: 151-162 
inflammatory myofibroblastic tumor, 
VI: 418-422 



lobe abnormalities, VI: 58-60 
lymphomas, VI: 238, 240-245 
melanoma metastases, VI: 164, 

181-182 
mesothelioma, malignant, VI: 242, 

250-251 
metastases detection and 

characterization, VI: 128, 

137-143 
Tl images vs., VI: 147-150 
multiple myeloma, VI: 238, 245-246 
mycobacterium avium intracellulare, 

VI: 433-435 
pancreatic ductal adenocarcinoma 

metastases, VI: 162 
porta hepatis lymphadenopathy, VI: 

352, 354, 359, 362-365 
portal venous air, VI: 411, 413 
portal venous thrombosis, VI: 391, 

393-400 
postradiation metastases, VI: 257, 

262-264 
preeclampsia and eclampsia, VI: 407, 

410-411 
primary biliary cirrhosis, VI: 314—315 
primary sclerosing cholangitis, VI: 

304, 306-311 
radiation-induced hepatitis, VI: 321, 

331 
Reidel lobe, differential diagnosis, VI: 

58-60 
secondary infection, metastases, VI: 

188, 191-192 
transcatheter arterial embolization, VI: 

268, 270-278 
transfusional iron overload, VI: 

368-373 
trauma, VI: 442 
viral hepatitis, VI: 321-330 
magnetic resonance 

cholangiopancreatography, VI: 

456-461 
ovaries: 

benign neoplasms: 

epithelial origin, V2. 1518-1523 
germ cell tumors, V2: 1520-1521, 

1526-1529 
sex cord-stromal tumors, V2: 

1525-1526, 1529-1531 
cysts, functional cysts, V2: 1500, 

1504-1506 
endometriomas, V2: 1506, 1509-1512 
functional cysts, V2: 1504-1506 
hydrosalpinx, V2: 1517 
lymphoma, V2. 1545, 1548-1549 
normal anatomy, V2. 1500-1501 
ovarian torsion, V2. 1510, 1514-1516 
pelvic inflammatory disease, V2: 1514, 

1516-1517 
polycystic ovarian syndrome, V2: 

1507, 1509, 1514 
pancreas: 

acute pancreatitis, VI: 628, 636-647 
autoimmune pancreatitis, VI: 664, 666 
chronic pancreatitis, VI: 649, 665 
gastrinomas, VI: 591, 593, 598-602 
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insulinomas, VI: 601, 603 
islet-cell tumors, VI: 591-598 
metastases to, VI: 619, 625-631 
mucinous cystadenoma/ 

cystadenocarcinoma, VI: 
612-616 
pancreatic adenocarcinoma, VI: 
552-557 
lymph node metastases, VI: 580, 
584 
primary hemochromatosis, VI: 546, 

548-549 
serous cystadenoma, VI: 606-607, 
609-612 
pediatric patients, V2: 1644 
pelvic varices, V2: 1517-1518 
penis and urethra: 

inflammatory disease, V2: 1380-1381 
metastases, V2: 1376-1377 
normal anatomy, V2: 1375-1376 
primary tumors, V2: 1377-1380 
prostheses, V2. 1376-1377 
peritoneum: 

ascites, V2. 936, 940-942 
intraperitoneal blood, V2: 936, 
943-944 
in pregnancy, V2: 1561 

abdominal fibromatosis, V2: 1570 
cervical fibroids, V2. 1569, 1573 
fetal weight and amniotic fluid, V2: 

1622-1623 
postpartum uterus, V2: 1575-1580 
prostate cancer, V2. 1352, 1356-1373 

adenocarcinoma, V2: 1352, 1356-1373 
prostate gland: 

inflammation and infection, V2: 

1373-1374 
normal anatomy, V2: 1344-1346 
trauma, V2. 1374-1375 
psoas muscle, V2. 1271, 1273-1280 
rectum, techniques, VI: 827, 831 
renal cell carcinoma, V2: 1084, 1086 

recurrence, V2: 1089, 1096-1097 
retroperitoneum : 

fibrosis, benign vs. malignant, V2: 
1240, 1242-1244, 1249, 
1252-1253 
malignant metastatic lymphadenopathy, 

V2: 1258-1263 
neurofibromas, V2. 1240, 1245-1247 
primary neoplasms, V2: 1266-1271 
seminal vesicles: 

cysts, V2: 1382, 1384 
diffuse disease, V2. 1382-1383, 1385 
normal anatomy, V2. 1382-1834 
single-shot echo-train spin-echo 

sequences, VI: 7-8 
small intestine: 

carcinoids, VI: 779, 790-791 
Crohn disease, VI: 785, 791, 793-805 
spleen, VI: 678-681 

accessory/ wandering spleens, VI: 

681-685 
cysts, VI: 683, 687-690 
hamartomas, VI: 690, 693, 695-697 
hemangiomas, VI: 687-688, 691-693 



littoral cell angioma, VI: 688, 694 
lymphangiomas, VI: 693 
lymphomas, VI: 693-694, 699-703 
stomach, VI: 154-156 
carcinoids, VI: 759 
gastric adenocarcinoma, VI: 738, 741, 

743 
gastrointestinal stromal tumors, VI: 
743, 748, 752-758 
testes, scrotum and epididymis, V2: 
1385 
benign neoplasms, V2: 1386, 1388, 

1390 
cryptorchidism, V2. 1386-1388 
infectious disease, V2: 1397-1398 
malignant tumors, V2: 1392-1396 
testicular prostheses, V2: 1386 
trauma, V2. 1397 
uterus, V2. 1434 

adenomyosis, V2: 1466-1470 
endometrial carcinoma, V2: 

1471-1481 
endometrial hyperplasia/polyps, V2: 

1448-1450 
leiomyomas, V2: 1452-1469 
menstrual changes, V2: 1437-1439 
vagina: 

agenesis/partial agenesis, V2: 

1411-1412 
Bartholin glands cysts, V2. 141 6-1 418 
duplication anomalies, V2: 1412, 

1414-1415 
Gartner duct cyst, V2. 1416, 

1418-1419 
normal anatomy, V2. 1409-1410 
radiation effects, V2: 1421, 1428 
vaginal malignancies, V2: 1420-1426 
vessel imaging, V2. 1194-1200 

inferior vena cava malignancies, V2: 
1237-1241 
Takayasu arteritis, ischemic nephropathy, 

V2. 1136, 1139 
Talipes equino varus, fetal assessment, V2: 

1622 
Tamoxifen: 

endometrial carcinoma, ovarian 

metastases, V2. 1474, 1476 
uterine changes, V2: 1439-1440 
Technetium ( 99m Tc-pertechnetate) 
scintigraphy, Meckel 
divedrticulum, VI: 110, 11 A 
Teratomas: 

fetal assessment: 

fetal mouth, V2. 1598, 1604 
intracranial, V2: 1598-1599, 1602 
sacrococcygeal teratoma, V2: 
1617-1620 
ovarian malignancies, V2: 1534, 1540, 
1543-1544 
Terminal duct-lobular units (TDLUs): 
breast cancer, risk and prevalence, V2: 

1723 
breast cysts, V2. 1700-1703 
fibroadenomas, V2. 1702-1706 
fibrocystic breast changes, V2: 1712, 
1714-1716 



normal breast, V2: 1688 
Testes: 

benign masses: 

cystic lesions, V2. 1386, 1389 
neoplasms, V2. 1386, 1388, 1390 
testicular prostheses, V2. 1386 
congenital anomalies, V2: 1386 
cryptorchidism, V2. 1386-1388 
infectious disease, V2: 1397-1398 
malignant masses, V2: 1390-1396 
MR imaging, V2: 1385 
normal anatomy, V2. 1383-1384 
torsion, V2. 1396-1397 
trauma, V2. 1397 
Testicular cancer, retroperitoneal imaging, 

V2. 1258, 1263-1265 
Testicular feminization, V2: 1415 

uterine anomalies, V2: 1448 
Thalassemia: 

adrenal gland myelolipoma, V2: 977, 

979-980, 988-990 
hepatic iron overload, VI: 368, 370, 

374-375 
a-Thalassemia, liver imaging, VI: 370, 
375 
Theca-lutein ovarian cysts, V2: 1504, 

1507-1508 
Thecomas, benign ovarian neoplasms, V2: 

1525-1526, 1531 
Thin-collimation source images, magnetic 
resonance 

cholangiopancreatography, VI: 
456, 460 
Thorax: 

fetal assessment: 

anomalies, V2: 1604, 1612 
normal development, V2: 1583 
magnetic resonance angiography, V2: 
1615, 1679-1684 
Three-dimensional gradient echo sequences 
(3D-GE): 
adnexa, V2. 1499-1500 
adrenal glands, V2. 963-968 
bladder, V2. 1298 

transitional cell carcinoma, V2: 

1307-1316 

breast imaging, V2: 1694-1695 

capillary phase imaging, VI: 2 

chest imaging, V2: 1653— 1654 

hilar and mediastinal 

lymphadenopathy, V2: 
1666-1667 
pulmonary emboli, V2: 1673, 

1675-1677 
pulmonary infiltrates, V2: 1666, 
1668-1671 
colon cancer, VI: 843-865 

peritoneal metastases, VI: 848, 
854-857 
dynamic contrast-enhanced imaging, VI: 

3 
esophageal imaging, VI: 726, 728 
esophagus, malignant masses, VI: 

729-731 
fat-suppressed gradient echo sequences, 
VI: 4 
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Three-dimensional gradient echo sequences 
(3D-GE): {Continued) 
gadolinium-enhanced Tl -weighted 
images, hepatic arterial 
dominant (capillary) phase, VI: 
11-13 
gastrointestinal tract imaging, VI: 725 
kidneys: 

complex cysts, V2: 1037, 1040 
fibromuscular dysplasia, V2: 1133, 

1136-1137 
horseshoe kidney, V2: 1032, 1034 
renal blood flow evaluation, V2: 1173 
renal filling defects, V2. 1159, 

1166-1169 
techniques, V2. 1025-1031 
large intestine: 

abscesses, VI: 881-886 

colonic adenomatous polyps, VI: 832, 

835-838 
infectious colitis, VI: 888 
techniques, VI: 824 
ulcerative colitis, VI: 867-868, 
870-871 
liver imaging techniques, VI: 46-50 
lung cancer, pulmonary nodules, V2: 

1654, 1657, 1662-1665 
male pelvis, V2. 1343-1344 
pancreatic imaging, VI: 536-541 

pancreatic adenocarcinoma, VI: 559, 
564-566 
pediatric patients, V2: 1637 

older children, V2: 1645-1 646 
quality improvements, VI: 16 
rectal adenocarcinoma, VI: 848-850 
rectal carcinoid tumor, VI: 867-868 
renal artery disease, V2: 1129, 

1131-1133 
renal cell carcinoma, stage 4, V2: 1082, 

1084-1085 
retroperitoneum, V2: 1193-1194 
fibrosis, benign vs. malignant, V2: 

1240, 1242-1244 
malignant metastatic 

lymphadenopathy, V2: 
1258-1263 
small intestine, VI: 767-770 

adenocarcinoma, VI: 111, 781-782 
gastrointestinal stromal tumor, VI: 

779, 783-785 
infectious enteritis, VI: 810, 813-814 
metastases to, VI: 782, 791-792 
pancreatitis, VI: 810, 815 
polyps, VI: 115, 111-118 
radiation enteritis, VI: 816, 818 
varices, VI: 115, 781 
spleen, VI: 678-681 

spoiled gradient echo (SGE) sequences, 
abdominal-pelvic imaging, VI: 
3-4 
stomach, VI: 734 

gastric adenocarcinoma, VI: 743 
vessel imaging, V2-. 1195-1200 
aorta, V2. 1200-1227 

abdominal aortic aneurysm, V2: 
1201-1207 



aortic dissection, V2: 1201, 

1208-1212 
aortic graft evaluation, V2: 1214, 

1216, 1224-1227 
aortoiliac atherosclerotic disease/ 
thrombosis, V2: 1204, 1207, 
1214-1223 
inferior vena cava, V2: 1216, 1223, 
1229 
thrombus, V2. 1229-1237 
whole body imaging, VI: 40-42 
Three-dimensional spin echo sequences, 
VI: 1 
magnetic resonance 

cholangiopancreatography, VI: 
456-461 
single-shot echo-train spin-echo 
sequences, VI: 7-8 
3.0T imaging: 
adnexa, V2. 1500 
adrenal glands, V2. 964-968 
aorta, V2. 1200-1227 
comparisons to 1.5 T, VI: 31-36 
female urethra, normal anatomy, V2: 

1402-1403 
gastrointestinal tract, VI: 725 
kidney, renal cell carcinoma, stage 4, 

V2: 1082, 1084-1085 
kidneys, V2. 1029-1031 
liver imaging, hemangiomas, VI: 81, 83, 

85, 88, 92-94, 96-97 
lung cancer, pulmonary nodules, V2: 

1654, 1662 
male pelvis, V2. 1343-1344 
pediatric patients, V2: 1637-1644 
adnexa, V2: 1650 
adrenal glands, V2: 1650 
bladder, V2. 1650 
data acquisition parameters, V2: 

1644-1645 
female urethra/vagina, V2. 1650 
follow-up procedures, V2. 1647-1649 
gadolinium-based contrast agents, V2: 

1647 
gallbladder/biliary system, V2. 

1649 
gastrointestinal tract, V2: 1650 
imaging protocol, V2. 1637, 1644 
infants (under 1.5 years), V2-. 1645 
kidneys, V2. 1650 
liver, V2. 1649 

magnetic field strength, V2: 1644 
male pelvis, V2: 1650 
older children (6-18 years), V2. 

1645-1646 
pancreas, V2. 1649-1650 
receiver coil, V2. 1644-1645 
retroperitoneum, V2: 1650 
sedation technique, V2: 1646-1647 
small children (1-6 years), V2: 1641, 
1645 
prostate cancer, adenocarcinoma, V2: 

1352, 1356-1373 
uterus and cervix, V2. 1434 
vagina, vaginal carcinoma, V2: 1416, 
1422 



Thrombotic microangiopathy, renal artery 
disease, V2. 1133, 1137, 1141 
Time-intensity curves, breast imaging, V2. 

1691 
Time-of-flight techniques, vessel imaging, 

V2: 1194-1200 
TNM staging: 

breast cancer, V2. 1723-1725 
colon cancer, VI: 843 
female urethral carcinoma, V2-. 1403 
gastric adenocarcinoma, VI: 738, 

741-742 
prostate cancer, V2: 1368 
renal cell carcinoma (RCC), V2: 1073 
testicular cancer, V2-. 1392-1396 
transitional cell carcinoma, bladder 

cancer, V2. 1307-1316 
vaginal malignancies, V2: 14 16, 1421 
vulvar carcinomas, V2: 1421, 1427 
Torsion, testicular, V2. 1396-1397 
Toxicity studies, gadolinium-based contrast 

agents, V2. 1119-1186 
Toxic megacolon: 

Crohn colitis, VI: 869, 872-874 
ulcerative colitis and, VI: 867-868, 
870-781 
Trachelectomy, cervical cancer, V2: 

1493-1495 
Transcatheter arterial chemoembolization, 
liver metastases, VI: 268, 
270-278 
Transfusional iron overload, liver imaging, 

VI: 368-373 
Transfusional siderosis, liver imaging, VI: 

368-373 
Transhepatic signal intensity differences 

(THID), VI: 414-415 
Transient hepatic arterial defects, VI: 

414-415 
Transitional cell carcinoma (TCC): 
bladder: 

advanced disease, V2: 1308, 

1313-1314 
diverticulum anomalies and, V2: 1300 
invasive, V2: 1307-1308, 1312 
recurrence, V2: 1308, 1316 
superficial invasion, V2: 1307-1312 
urothelial neoplasms, V2: 1306-1316 
pancreatic metastases, VI: 619, 625, 627 
renal pelvis and ureter, V2: 1155, 
1159-1165 
Transplant procedures: 
hepatic transplantation: 

bile duct obstruction following, VI: 

292, 299 
donor and recipient assessment, VI: 

287-292 
fibrosis, VI: 299, 304 
fungal infection, VI: 299, 305 
graft failure, VI: 287, 292 
liver abnormalities, VI: 299, 
303-306 
hepatic arterial obstruction, VI: 405, 

407-408 
hepatocellular carcinoma recurrence, 
VI: 299, 302 
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inflammation following, VI: 299-300 
lymphoma, VI: 238, 241 
magnetic resonance 

cholangiopancreatography, bile 
duct anastomoses, VI: 519-520 
MR imaging, VI: 287-305 
posttransplant lymphoproliferative 

disorder, VI: 299-301 
vascular complications, VI: 292-298 
pancreatic transplants, VI: 671-673 
renal transplants, VI: 671-673, V2: 1173, 
1177-1188 
Transposed ovaries, V2: 1500-1502 
Transurethral resection of prostate (TURP): 
bladder changes, V2: 1331, 1335 
prostate defects, V2: 1352-1354 
Transvaginal ultrasound: 

pelvic inflammatory disease, V2: 1514, 

1516-1517 
uterus, congenital anomalies, V2: 1440 
Transverse colon, adenocarcinoma, VI: 

843, 845 
Transverse echo train-STIR imaging, liver, 

hepatic cysts, VI: 60, 63 
Transverse mesocolon, pancreatic 

adenocarcinoma involvement, 
VI: 575, 580 
Trauma: 

female urethra, V2. 1407 

fetal assessment, destructive lesions, V2. 

1596-1601 
kidney, V2. 1112-111 A 
liver, VI: 438-442 
pancreas, VI: 665, 668-671 
penis and urethra, V2: 1382 
prostate gland, V2. 1374-1375 
renal artery injury, V2: 1133, 1136 
spleen, VI: 715-719 
testes, scrotum and epididymis, V2: 
1397 
True-FISP. See Two-dimensional steady- 
state precession-balanced echo 
MRI 
Trypsin, pancreatitis and, VI: 625 
Tuberculosis: 

adrenal glands, V2: 1019 
genitourinary, bladder involvement, V2: 

1326 
mycobacterium tuberculosis, hepatic 

involvement, VI: 433 
renal abscess, V2: 1144 
Tuberculous peritonitis, V2: 949, 951 
Tuberous sclerosis: 

fetal assessment, V2: 1595 
renal cysts, V2: 1066, 1069-1071 
Tubo-ovarian abscess (TOA), V2: 1514, 

1516-1517 
Tubular blockage, kdineys, V2: 1120, 

1123-1124 
Tubular carcinoma, breast cancer, V2: 

1733-1736 
Tubular ectasia: 

medullary sponge kidney, V2: 1049, 

1060 
testes, scrotum and epididymis, cystic 
lesions, V2: 1386, 1389 



Tubulointerstitial kidney disease, V2: 

1120-1121 
Tunnel cluster, endometrial hyperplasia/ 

polyps, V2: 1448-1450 
Turbo fast low-angle shot (TurboFLASH), 
abdominal-pelvic imaging, 
VI: 5 
Turbo spin-echo sequences, VI: 6 
magnetic resonance 

cholangiopancreatography, VI: 
460 
Turner syndrome: 

gonadal dysgenesis, V2: 1415 
uterine hypoplasia, V2: 1441-1442 
Twin-twin transfusion syndrome, V2: 

1623-1624 
Two-dimensional spin echo sequences, VI: 
1 
breast imaging, V2: 1694-1695 
magnetic resonance 

cholangiopancreatography, VI: 
456-461 
pediatric patients, V2: 1637 
Two-dimensional spoiled gradient echo 
sequences: 
capillary phase imaging, VI: 2 
kidneys, techniques, V2: 1025-1031 
magnetization-prepared rapid-acquisition 
gradient echo sequences, VI: 
5-6 
male pelvis, V2. 1343-1344 
pancreatic imaging, VI: 536-541 
spoiled gradient echo (SGE) sequences, 
abdominal-pelvic imaging, VI: 
3 
vessel imaging, V2: 1195-1200 
Two-dimensional steady-state precession- 
balanced echo (True-FISP) MRI: 
esophagus, VI: 726 

esophageal varices, VI: 727, 729 
fetal assessment, central nervous system, 

V2: 1578-1583 
gastrointestinal tract imaging, VI: 725 
glomerular disease, V2: 1117-1120 
large intestine, techniques, VI: 824 
nephrotic syndrome, V2: 1117-1120 
pulmonary emboli, V2: 1673, 1675-1677 
small intestinal varices, VI: 115, 781 
uterus and cervix, V2: 1434 
vessel imaging, V2: 1195-1200 
Typhlitis, VI: 884, 890 

Ulcerated gastric adenocarcinoma, VI: 

738 
Ulcerative colitis: 

Crohn disease, VI: 785, 867-868, 
870-871 
differential diagnosis, VI: 785, 869, 
872-874 
large intestine, VI: 867-868, 870-871 
primary sclerosing cholangitis, VI: 494, 

497-502 
small intestine, VI: 191, 806 
Ulcers: 

aortic, penetrating, V2. 1201, 1204, 1213 
gastric, VI: 761-764 



Ultrasmall paramagnetic iron oxide 
particles: 
characteristics, V2: 1777-1779 
endometrial carcinoma, V2: 1474—1481 
liver imaging, reticuloendothelial system 
targeting, VI: 50, 54-58 
Umbilical vein, cirrhosis and varices in, 

VI: 348, 351, 361 
Undifferentiated sarcoma of the liver 

(USD, VI: 251, 256 
Undifferentiated uterine carcinoma, V2: 

1488-1491 
Unicornuate uterus, V2. 1441, 1444 
Uniform low signal intensity enhancement, 

spleen, VI: 678-681 
Urachal carcinoma, V2: 1316, 1320 
Urachal cyst, V2. 1300-1301 
Uremic medullary cystic disease complex, 

V2. 1049, 1059-1060 
Ureter anastomosis, renal transplantation, 

V2. 1182 
Ureteric calculi, V2. 1159, 1 168-1169 
Ureterocele: 

female urethra, V2. 1403 
renal duplication, V2: 1613 
Ureteropelvic junction, fetal assessment, 
hydronephrosis, V2: 
1613-1614 
Urethra: 
female: 

caruncles, V2. 1407 
congenital anomalies, V2: 1402 
diverticulum, V2: 1405-1407 
duplication anomaly, V2: 1403 
leiomyoma, V2: 1403 
malignant masses, V2: 1403-1404 
metastases to, V2. 1405 
MR imaging, V2. 1401-1402 
normal anatomy, V2. 1401-1403 
pediatric imaging, V2: 1650 
pelvic floor relaxation, V2: 1408-1410 
trauma and strictures, V2: 1407 
urethritis and fistulae, V2. 1407-1408 
fetal assessment, hydronephrosis, V2: 

1613-1614 
male: 

congenital anomalies, V2: 1376 
diffuse disease, V2. 1377-1380 
infectious disease, V2. 1380 
inflammatory disease, V2: 1380-1381 
male, normal anatomy, V2: 1375-1376 
membranous rupture, V2: 1373-1374 
metastases, V2. 1316-1311 
primary tumors, V2. 1377-1380 
trauma, V2. 1374-1375, 1382 
Urethral carcinoma, female urethra, V2: 

1403-1404 
Urethritis, female urethra, V2. 1407-1408 
Urethrography, femal urethral diverticulum, 

V2. 1405 
Urethrovaginal fistulas, V2. 1408 
Urinary incontinence, periurethral collagen 

injection, V2. 1408-1409 
Urine, intraperitoneal, V2: 942 
Urinoma, renal transplants, V2: 1182, 
1184 
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Urothelial neoplasm: 
bladder cancer: 

carcinosarcoma, V2: 1316 
squamous cell carcinoma, V2. 

1316-1318 
transitional cell carcinoma, V2: 
1306-1316 
renal pelvis and ureter carcinoma, V2: 
1155, 1159-1165 
Urthroscopy, femal urethral diverticulum, 

V2-. 1405 
Usual ductal hyperplasia, benign breast 

lesions, V2. 1715 
Uterine artery embolization (UAE): 
adenomyosis, V2. 1467 , 1470 
leiomyomas, V2. 1451, 1456, 1459-1463 
Uterine peristalsis, menstrual cycle and, 

V2-. 1437-1439 
Uterus: 

benign disease: 

adenomyosis, V2: 1456, 1466-1470 
endometrial hyperplasia/polyps, V2. 

1448-1450 
fibroids, V2. 1456, 1462-1463 
leiomyomas, V2. 1449, 1451-1469 
lipoleiomyoma, V2: 1456, 1464 
congenital anomalies: 

arcuate uterus, V2. 1441, 1444, 1448 
bicornuate uterus, V2: 1441, 1444, 

1446 
didelphys uterus, V2. 1441, 

1444_1446 
diethylstilbesterol exposure, V2. 1448 
Miillerian duct anomalies, V2. 

1439-1448 
segmental agenesis/hypoplasia, V2. 

1441 
septate uterus, V2. 1441, 1444, 

1447-1449 
sexual differentiation disorders, V2. 

1448 
unicornuate uterus, V2. 1441, 1444 
contractions, V2. 1437-1439 
dehiscence, postpartum uterus, V2: 1577 
duplication anomalies, vaginal 

duplication and, V2: 1412, 
1414-1415 
hematoma, in pregnancy, V2. 1559-1560 
malignant disease: 

adenocarcinoma, undifferentiated 
carcinoma/sarcoma, V2: 
1488-1491 
endometrial carcinoma, V2: 1468, 

1470-1481 
sarcoma, V2. 1475, 1479-1481 
menstrual changes, V2: 1437-1439 
metastases to, V2. 1482 

leiomyosarcoma, V2. 1456, 1465-1466 
MR imaging techniques, V2: 1433-1434 
normal anatomy, uterine corpus, V2. 

1434-1436 
pediatric imaging, V2. 1650 
in pregnancy, maternal imaging: 
leiomyomas, V2. 1564, 1567-1570 
placental imaging, V2: 1623, 
1625-1627 



postpartum uterus, V2: 1575-1580 
subserosal leiomyoma, V2: 1567, 
1570 
tamoxif en-induced changes, V2. 
1439-1440 
Utricular cysts, prostate, V2. 1344, 1347 

Vagina: 

agenesis/partial agenesis, V2. 

1410-1413 
ambiguous genitalia, V2: 141 5-14 16 
benign masses, V2: 1416-1420 

Bartholin glands cyst, V2. 1416-1418 
cavernous hemangioma, V2: 141 6, 

1420 
Gartner duct cysts, V2. 14 16, 
1418-1419 
cervical cancer metastases, V2. 

1486-1487 
congenital anomalies and variants, V2: 

1410 
duplication/partial duplication, V2: 1412, 

1414-1415 
fistulas, V2. 1421, 1426, 1429-1430 
gonadal differentiation abnormalities, 

V2. 1415 
malignant masses, V2. 1416, 1420-1426 

staging, V2. 1421 
metastases to, V2. 1420, 1424-1426 
cervical cancer, V2. 1405 
urethral adenocarcinoma, V2: 

1403-1404 
vulvar/perineal carcinomas, V2: 1421, 
1426-1428 
MR imaging techniques, V2. 1409-1410 
normal anatomy, V2. 1401-1403, 

1408-1411 
pediatric imaging, V2: 1650 
radiation changes, V2: 1421, 1428 
Vaginoplasty, vaginal agenesis/partial 

agenesis, V2. 1411 
Vanillylmandelic acid (VMA), 

pheochromocytoma, V2. 1005 
Varicella virus, splenomegaly and, VI: 

709-711 
Varices: 
cirrhosis: 

esohpageal, VI: 351, 36l 
fibrosis and, VI: 351, 362 
gastric, VI: 348, 351, 359 
subcutaneous, V2: 121 A, 1290-1291 
pelvic, V2: 1517-1518 
periduodenal/duodenal, VI: 115, 781 
peritoneal, V2: 945-946, 948-949 
rectal, VI: 838 
small intestine, VI: 115, 781 
splenomegaly and, VI: 706-709 
Varicocele, testes, scrotum and epididymis, 

V2: 1388-1390, 1392 
Vascular disease: 

abdominal wall imaging, V2: 1214 
magnetic resonance angiography, V2: 

1673, 1679-1684 
penis and urethra, V2: 1380-1381 
peritoneal, V2. 945-946, 948-949 
renal artery disease, V2: 1133-1144 



Vascular endothelial growth factor (VEGF), 
hepatocellular carcinoma, VI: 
202 
Vascular graft, branch vessel, V2. 1214, 

1216, 1227 
Vasculitis, renal artery disease, V2: 

1136-1137 
Vas deferens: 

congenital anomalies, V2. 1386 
cysts, V2: 1344, 1347-1349 
Vasovist contrast agent, V2: 1772, 1774 
Venous embolotherapy, pelvic varices, V2: 

1518 
Venous thrombosis: 

hepatic venous thrombosis, VI: 398, 

401-405 
hepatocellular carcinoma, VI: 202, 212, 

224-232, 234-238 
inferior vena cava, V2: 1229-1237 
tumor vs. blood thrombus, V2: 
1229-1237, 1240-1241 
nephrotic syndrome, V2. 1117 , 1120 
pancreatic transplants, VI: 671-673 
portal venous system, obstruction/ 
thrombosis, VI: 388, 391, 
393-400 
renal vein, V2: 1137, 1144 
splenic vein, pancreatic adenocarcinoma, 

VI: 575, 579 
splenomegaly and, VI: 706-709 
superior mesenteric vein, small intestine 
ischemia and hemorrhage, VI: 
816, 822 
Ventriculomegaly, fetal imaging, V2. 

1585-1592 
Vermian hypoplasia, fetal assessment, 

posterior fossa anomalies, V2: 
1591, 1593-1597 
Vesicocervical fistulas, bladder 

involvement, V2: 1331-1335 
Vessel imaging: 
retroperitoneum: 

aorta, V2. 1200-1227 

aortic aneurysm, V2: 1200-1207 
aortic dissection, V2: 1201, 

1208-1212 
aortoiliac atherosclerotic disease/ 
thrombosis, V2: 1204, 1207, 
1214-1223 
penetrating ulcers/intramural 

dissecting hematoma, V2: 1201, 
1204, 1213 
postoperative graft evaluation, 
V2: 1207, 1214, 1216, 
1224-1227 
inferior vena cava, V2: 1216, 1223, 
1229 
congenital anomalies, V2: 1223, 

1229-1230 
primary malignant tumors, V2: 

1237-1241 
venous thrombosis, V2: 
1229-1237 
magnetic resonance angiography, V2: 
1194-1200 
signal intensity, VI: 14 
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Villous adenoma, large intestine, VI: 829, 

832, 835-836 
VIPoma, MR imaging, VI: 601, 606 
Viral hepatitis: 

hepatocellular carcinoma, VI: 202, 212 
imaging studies, VI: 319, 321-330 
Von Hippel-Lindau syndrome: 
pancreas, VI: 549-550 
renal cysts, V2. 1066, 1068, 1072 
Von Meyenburg complexes, biliary 

hamartoma, VI: 67, 73-77 
Von Recklinghausen disease: 
bladder lesions, V2. 1304-1305 
small intestine neurofibromas, VI: 115, 
119 
Vulva: 

carcinomas, V2: 1421, 1427-1428 
perivulvar cavernous hemangioma, V2: 

1416, 1420 
squamous cell carcinoma, V2: 1421, 
1427 

WAGR syndrome, Wilms tumor and, V2: 
1103-1106 



Walker- Warburg syndrome, encephalocele, 
fetal assessment, V2. 1595, 1597 

Wandering spleen, MR imaging, VI: 
681-685 

Water excitation Tl -weighted 

magnetization-prepared 
gradient-echo imaging 
(WE-MPRAGE), pediatric 
patients, V2. 1645-1650 

Weigert-Meyer rule, renal duplication, V2: 
1613 

Whipple procedure, pancreatic 

adenocarcinoma, VI: 588 

Whole body imaging: 

3T MR imaging, safety issues, VI: 33 
pediatric patients, V2: 1637-1650 
performance improvements in, VI: 36, 

38-42 
protocol for, VI: 20, 23 

Wilms tumor, V2. 1102-1106 

Wilson disease, imaging studies, VI: 315-318 

Wirsung ducts, pancreas divisum, VI: 
541-542 

Wraparound artifacts, breast MRI, V2: 1695 



Xanthogranulomatous cholecystitis , 

magnetic resonance 

cholangiopancreatography, VI: 

All 
Xanthogranulomatous pyelonephritis, V2: 

1152 
X-linked recessive disorder: 

fetal assessment, corpus callosum 

agenesis, V2. 1588-1592 
testicular feminization, V2: 1415 

Yersinia enterocolitica infection, enteritis, 

VI: 810, 813-814 
Yolk sac tumor, peritoneal metastases, V2: 

918, 923-924, 927 

Zellballen masses, pheochromocytoma, 

adrenal medullary masses, V2: 
998, 1005-1111 
Zollinger-Ellison syndrome: 

hypertrophic rugal folds, VI: 76l, 

765 
pancreatic cancer, VI: 591, 598-602 
stomach carcinoids, VI: 759 



